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Administrator of the U.S. Environmental Protection Agency  


Lisa Perez Jackson: 


Indonesia’s Vision on Climate Change Must Be Carried Out 


 
Lisa Perez Jackson never imagined that she would set foot in Indonesia.  And she certainly did 


not expect her first visit to be as the representative of the U.S. President Barrack Obama to the 


inauguration ceremony of President Susilo Bambang Yudhoyono at the House of 


Representatives Building last Tuesday. 


 


Of all the countries attending the ceremony, Jackson represented the United States, the country 


that is geographically the farthest away from Indonesia .   “This was an amazing assignment and 


I have experienced something new every day,” said the Administrator of the United States’ 


Environmental Protection Agency (EPA) – which is like a ‘Minister’ level position in Indonesia.  


 


Jackson supported Hillary Clinton as the Democratic Party’s presidential candidate and is the 


first African American who has ever been entrusted with this prestigious position.  She 


supervises over 17,000 employees who are spread all over the United States.   


 


The EPA was established in 1970 with a mission to protect the public health and prevent 


environmental destruction.  The agency monitors all health and environmental issues in America. 


Given its considerable size in manpower and authority, the Washington based EPA is always at 


the forefront of environmental research, analysis, and education.   


 


Jackson’s visit to Indonesia was not limited to the inauguration.  She also carried a mission to 


improve environmental and climate change cooperation between Indonesia and the United 


States.  Last week on Wednesday, she met with the Governor of Jakarta, Fauzi Bowo, at the 


capital’s Town Hall, to offer assistance in improving the quality of air in the city through a 


program called ‘Breathe Easy in Jakarta.’ 


 


The program will include technical assistance in emission reduction and conversion to 


environmental friendly fuels.  “The Governor and I will work hard to fulfill our commitment in 


protecting the environment,” she said. 


 


A greater mission also looms for Jackson as she will be involved in the upcoming United Nations 


Forum on Climate Change in Copenhagen, Denmark.  


 


Jackson said that the U.S. wants to engage with Indonesia while it leads the efforts to combat the 


impact of global warming. “The Obama administration has shown changes, including real efforts 


in reducing carbon emissions,” said Jackson who was accompanied by her staff and assistant in a 


special interview with Adek Media Roza and Rudy Prasetyo from Tempo in Jakarta on 


Wednesday last week. 







 


What is your impression of Indonesia? 


This is my first trip to Indonesia.  This is an incredible opportunity.  In Jakarta, I have 


experienced something new every day.  I have really enjoyed the trip and also the presidential 


inauguration.  If there is an opportunity for me to come back, I will visit nice places in Indonesia. 


Unfortunately, this time the trip is very short.  Tomorrow (Thursday October 22), I’ll have to 


return to the U.S. and get back to work. 


 


What is your opinion of President Yudhoyono? 


He is a very warm and sincere person.  I believe President Yudhoyono is strongly committed and 


has a vision for climate change. 


 


Why did President Obama appoint you to attend Yudhoyono’s presidential inauguration? 


America and President Obama respect Indonesia.  He actually wanted to attend the inauguration 


himself.  Therefore, he wanted someone from his cabinet to lead the U.S. delegation, including 


Ambassador Cameron R. Hume, and witness the swearing-in ceremony of the President of 


Indonesia.  We really pay serious attention to the ongoing democratization process, economic 


issues, and environmental issues including climate change in Indonesia. 


 


What kind of environmental issues are you interested in Indonesia? 


I have come because the institution that I lead (EPA) has cooperated with Indonesia and there are 


partnership issues related to environment such as pollution, clean energy, and climate change.  I 


am very happy that in my first year as an EPA administrator (Jackson was appointed as EPA 


administrator upon U.S. Senate’s approval on January 23, 2009); I was chosen for this 


assignment.  I am very optimistic that the cooperation is mutually beneficial.  The EPA provides 


technical and partnership assistance related to air pollution.  American environmental standards 


can also be applied in Jakarta.  I think there are many things that can be shared between the two 


parties. 


 


How do you think Indonesia is handling environmental issues?  


Indonesia has demonstrated a lot of interest in clean energy and climate change issues, which are 


among the priorities of Obama's policy.  Indonesia has a tremendous opportunity in the future to 


demonstrate its commitment to environmental sustainability. One thing that impressed me was 


when I heard the speech of Susilo Bambang Yudhoyono in the recent meeting of G-20 leaders in 


the United States.  Yudhoyono spoke about climate change as a shared problem.  The handling of 


climate change, according to Yudhoyono, is an opportunity to develop a common awareness, and 


one of the solutions is by reducing carbon emissions.  


 


What is the plan of the United States in the UN Climate Change Conference in Copenhagen 


later this year?  


The conference consists of major negotiations.  President Obama has repeatedly said there are 


principles that must guide our actions as a member of the global community.  Developed 


countries like the United States must do something meaningful to reduce emissions.  But we 


know that no matter how great the actions that have been made, they will not mean much without 


the support and companionship of other countries.  


 







What meaningful things have the U.S. done?  


President Obama continues to work to shift the U.S. economy towards clean energy.  The use of 


clean energy will be very useful along with the increase of energy.  On his first opportunity in 


the White House, Obama carried out various actions, such as disbursing US$80 billion for clean 


energy and energy efficiency programs.  The funds were used for research and development. The 


rest was used as a grant to assist the state governments and the formation of partnerships on an 


international scale.  He also called for new laws in the United States to adjust the implementation 


of clean energy and climate change programs.  The United States will position itself to make 


changes, both domestically and internationally, in particular on the climate change issue. 


 


So, what is the position of developing countries, like Indonesia? 


Developing countries need to make commitments and deal with climate change.  As for a 


country like Indonesia, the U.S. respects Indonesia’s vision on how to deal with climate change. 


But combating climate change should be done in a sustainable way and by reducing carbon 


emission from the beginning.  Of course, every country has a different role and position. 


 


During the George Bush administration, the U.S. was reluctant to support efforts to reduce 


emissions. Many are worried that the stance will not be changed, and that conferences won’t 


produce important results. What’s your comment?  


President Obama is a person who acts like a statesman.  He is firm and a hard worker.  It’s not a 


secret that Obama always emphasizes change.  The institution that I lead is different now from 


the one it was during the Bush administration. The obvious difference is how the U.S. treats 


climate change as an important issue. 


 


The change is not enough; hard work is needed because reducing emissions will impact 


industries and economic growth. Is the U.S. ready? 


The U.S. government is not the only one determined to reduce emissions, so are the 


businessmen.  The government can spend money for clean and efficient energy, but we cannot 


see concrete change and transformation before the private sector joins the process.  There are 


opportunities for business circles to benefit from efforts to reduce emissions.  


 


Lisa Perez Jackson  
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Pennsylvania, Philadelphia, United States, February 8, 1962.  
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• Summa cum laude from Tulane University  


• Master's degree in chemical engineering from Princeton University  
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• U.S. Environmental Protection Agency Administrator, from January 2009 until present  


• Chief of Staff to New Jersey Governor Jon Corzine, December 2008  


• Commissioner of New Jersey’s Department of Environmental Protection, February 2006-
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• U.S. Environmental Protection Agency Employee for more than 16 years. 
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Text Box 1: EPA to Undertake  
31 Priority Regulatory Reviews 


 
In this Plan, EPA defines 31 regulatory reviews for 
our initial review period.  Sixteen of them fit into the 
category of “early actions,” meaning the Agency 
intends to propose or finalize an action to modify, 
streamline, expand, or repeal a regulation or related 
program during the 2011 calendar year.  The other 15 
reviews are longer term actions, whereby we will 
review the regulations in question and assess whether 
revisions are needed.  See section 2 of this Plan for 
details on each of the 31 reviews. 


 
1 Overview 
 
EPA developed this Preliminary Plan for 
Periodic Retrospective Reviews of Existing 
Regulations (the Plan) in response to 
President Obama’s recent call in Executive 
Order 13563 for each federal agency to 
“develop…a preliminary plan, consistent 
with law and its resources and regulatory 
priorities, under which the agency will 
periodically review its existing significant 
regulations to determine whether any such 
regulations should be modified, streamlined, 
expanded, or repealed so as to make the agency’s regulatory program more effective or less 
burdensome in achieving the regulatory objectives.”1  The Executive Order (EO) also 
enumerates a number of principles and directives to guide agencies as they work to improve the 
Nation’s regulatory system, which the Agency intends to use to guide regulatory reviews and 
related EPA activities.   
 
Though EPA and its partners have made great progress in protecting the environment, the 
Agency is committed to continual improvement.  EPA has a long history of thoughtfully 
examining its existing regulations to make sure they are effectively and efficiently meeting the 
needs of the American people.  Both statutory and judicial obligations have compelled some of 
our reviews.  Others arise from independent EPA decisions to improve upon existing regulations.  
In fact, of EPA’s current regulatory workload, almost two-thirds of our activity is a review of an 
existing regulation; of the approximately 200 active actions that are expected to be listed in 
EPA’s soon-to-publish Spring 2011 Semiannual Regulatory Agenda, roughly 60% are reviews of 
existing regulations.2  Just as EPA will apply the principles and directives of EO 13563 to the 
priority actions listed in section 2 of this Plan, we will likewise apply the EOs’ principles and 
directives to the regulatory reviews that will appear in the Regulatory Agenda. 
 
EO 13563 is an opportunity to take a fresh look at the Agency’s approach to protecting human 
health and the environment and an opportunity to modernize our regulatory program.  What 
should a 21st century regulatory program look like?  How can we better understand the impacts 
of existing regulations?  How do we determine which regulations should be modified, 
streamlined, expanded, or repealed to be more effective and less burdensome?  How can EPA 
improve collaborations with our partners such as state, local, and tribal governments?  What new 


                                                 
1 “Improving Regulation and Regulatory Review,” Executive Order 13,563, 76 FR 3821 (January 21, 2011), 
http://www.gpo.gov/fdsys/pkg/FR-2011-01-21/pdf/2011-1385.pdf. 
2 This estimate is based on actions expected to be published in EPA’s forthcoming Spring 2011 Semiannual 
Regulatory Agenda, except for the actions in the "Completed" or "Long Term" rulemaking stages.  These estimates 
may change slightly by the time the Spring 2011 Semiannual Regulatory Agenda publishes. 
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tools should the Agency employ to improve environmental quality?  The initiatives and 
regulatory reviews described in this Plan are intended to help us thoroughly modernize 
regulations that are priorities right now; regulations we intend to review as a matter of course 
because of statutory or judicial requirements; and regulations brought to our attention by the 
public. 
 


1.1 A 21st century approach to environmental protection 
 
During our 40-year history, EPA and our federal, state, local, tribal, and community partners 
have made enormous progress in protecting the Nation’s health and environment through its 
regulatory and stewardship programs.  However, just as today’s economy is vastly different from 
that of 40 years before, EPA’s regulatory program must evolve to recognize the progress that has 
already been made in environmental protection and incorporate new technologies and 
approaches that allow us to accomplish our mission more efficiently and effectively. 
 
High-speed information technologies allow real-time reporting of emissions and provide 
unprecedented opportunities for transparency and public involvement in matters affecting 
people’s local environmental conditions.  These technological advances allow us to better track 
environmental progress and apply innovative approaches to compliance.  New emission control 
technologies allow greatly improved environmental performance.  Citizens’ interest in living 
sustainably has grown, and the marketplace increasingly values green products.   
 
EPA’s regulatory program must evolve and build upon these nationwide trends, and 
improvements to our regulatory program should be made retrospectively and prospectively.  
Therefore, EPA intends to apply the principles and directives of EO 13563 to both retrospective 
reviews of existing regulations and the development of new regulations.  While this Plan focuses 
on retrospective reviews, which are enumerated in section 2, it is important to understand the 
broader context within which the reviews are being conducted.  During each retrospective 
review, EPA intends to seek ways to advance the following broad initiatives: 


• Electronic reporting, 
• Improved transparency, 
• Innovative compliance approaches, and 
• Systems approaches and integrated problem-solving. 


 


1.1.1 Electronic reporting 
First, EPA intends to replace outdated paper reporting with electronic reporting.  Agency 
reporting requirements are still largely paper-based, which is inefficient and unnecessarily 
resource-intensive for reporting entities and states, and ineffective for compliance monitoring 
and assurance.  To reduce these burdens, increase efficiency and effectiveness, improve 
compliance and reduce pollution over the long-term, the Agency needs a comprehensive plan to 
convert to 21st century electronic reporting technology while maintaining data security and 
confidentiality.  This will require some short-term investments of time and technology 
development, but is expected to provide substantial long-term benefits for industry, states, EPA, 
and the public.  Many of the specific regulatory reviews outlined in section 2 of this Plan contain 
as an essential element a shift to electronic submission of information.  In addition to these 
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specific proposals, EPA intends to move away from paper reporting and modernize EPA 
reporting processes as follows: 
 


• By conducting a targeted review to convert key existing paper reporting requirements to 
electronic reporting, perhaps through an omnibus rule.  As part of this targeted review, 
EPA may identify some outdated paper reporting requirements that can be eliminated or 
streamlined once electronic reporting is in place.  For example, we are developing a 
proposed rule for converting existing selected paper-based National Pollutant Discharge 
Elimination System (NPDES) reporting obligations to a national electronic reporting 
format.  EPA could convert existing paper-based reporting by regulated facilities for 
other environmental programs to a nationally consistent electronic reporting format.  The 
NPDES e-reporting rule will allow us to eliminate the current annual and quarterly 
reporting requirements from the states since this information will be generated by the 
NPDES data systems.   The rule will also require the regulated community to submit their 
Discharge Monitoring Reports (DMRs) electronically reducing the need for manual data 
entry.  These changes represent a significant reduction in paper-based reporting required 
to be managed and reported by the states. 


 
Several program areas in EPA either have recently added electronic reporting 
requirements to their regulations or have recently proposed adding this requirement.  
EPA recently promulgated the following rules that require electronic reporting:  Coal 
Preparation and Processing Plants rule (74 FR 51950, Oct. 8, 2009); the Portland Cement 
rule (75 FR 54970, Sept. 9, 2010); and the Gold Mine Ore rule (76 FR 9450, Feb. 17, 
2011).  EPA is considering expanding the electronic reporting concept to existing rules in 
additional program areas under the Safe Drinking Water Act (SDWA), parts of the Clean 
Air Act (CAA), or the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). 


 
• By developing a strategy for ensuring that new rules incorporate the most efficient 


electronic reporting techniques. 
  


• By encouraging private sector development of reporting tools to drive innovation, reduce 
costs, and help regulated entities to comply.  Based on the successful Internal Revenue 
Service model for enabling private vendors to build reporting tools, EPA intends to 
conduct a proof-of-concept pilot project to see if private vendors could create electronic 
tools for regulated entities to electronically report their environmental compliance data 
using an open platform approach. 


 


1.1.2 Improved Transparency 
Second, in order to enhance transparency, EPA will strive to expand public disclosure of 
pollution, compliance, and other regulatory information, and provide communities with 
information about their environmental quality in a cost-effective and efficient manner.  
Disclosure of pollution, compliance, and other regulatory information can drive better results for 
health and the environment, and provides communities with information they need about 
environmental problems that affect them.  Improved transparency can help to level the playing 
field by helping facilities, governments, and the public know what is being accomplished or 
required in other locations.  Both when reviewing existing regulations and when developing new 
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Text Box 2: EPA Creatively Structures 
Regulations to Efficiently and  


Cost Effectively Increase Compliance 
 
EPA already has experience demonstrating that 
creative approaches can increase compliance while 
reducing cost. For example, we learned in the 
1970’s that the most effective way to ensure 
compliance with new unleaded gasoline 
requirements was not widespread inspections, but 
simply changing the size of the nozzle used to fill 
gas tanks.  Following the 1996 Safe Drinking 
Water Act amendments, researchers found that the 
simple requirement of mailing Consumer 
Confidence Reports to consumers resulted in a 30-
50% increase in utilities’ compliance rates with 
drinking water requirements in Massachusetts.  
While we are aware that the provision of 
Consumer Confidence Reports is a means of 
increasing compliance, we are also aware that their 
production and distribution can be burdensome on 
water purveyors and states.  EPA intends to review 
these reporting requirements to determine if 
burden may be reduced while compliance is 
maintained or increased; this review is described in 
detail later in the Plan. 


regulations, EPA intends to seek ways to expand public disclosure of pollution, compliance, and 
other regulatory information.    
 


1.1.3 Innovative Compliance Approaches 
Third, the Agency intends to reduce pollution 
by improving compliance with EPA regulations 
in ways that are more effective and efficient 
while reducing burden.  EPA will seek ways to 
achieve greater compliance both when 
reviewing existing regulations and when 
developing new regulations.  Effective 
enforcement of environmental regulations 
promotes the welfare of Americans by 
protecting the air we breathe and the water we 
drink, and assuring that complying facilities are 
not at a competitive disadvantage with those 
that violate the law.  However, due to the sheer 
number of regulated facilities, the increasing 
contributions of large numbers of smaller 
sources to important environmental problems, 
and federal and state budget constraints, we can 
no longer rely primarily on the traditional single 
facility inspection and enforcement approach to 
ensure compliance across the country.  EPA 
needs to embed innovative mechanisms in the 
structure of its rules to do a better job of 
encouraging compliance on a wide scale.  (See 
text box 2.)  
 
To supplement traditional compliance approaches, EPA plans to routinely structure federal 
regulations and permits as effectively as possible to achieve compliance, through adequate 
monitoring requirements, public disclosure, economic incentives, information and reporting 
mechanisms and other structural incentives, including self-certification, third-party verification, 
and ambient monitoring in the community.   
 


1.1.4 Systems Approaches and Integrated Problem-Solving 
And finally, the Agency intends to design a 21st century approach to environmental regulation  
by using systems approaches and integrated problem-solving strategies to accelerate pollution 
prevention and other beneficial environmental outcomes.  A primary way to promote pollution 
prevention and sustainable outcomes is through broader adoption of problem-solving approaches 
that bring to bear all relevant tools – regulatory and non-regulatory – to provide integrated and 
comprehensive solutions to priority environmental problems.   
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Text Box 3: Promoting the Green Economy  
and Innovation 


 
Pollution prevention efforts across EPA have helped 
protect children and families in this country from exposure 
to harmful pollutants and has significantly reduced the 
amount of contaminants released into the environment.  
These ongoing efforts include Energy Star, WasteWise, 
Plug-In To eCycling, WaterSense, and our Green 
Electronics, Green Chemistry, Green Engineering, Design 
for the Environment (DfE), and Economy, Energy and 
Environment (E3) programs.  EPA intends to improve 
coordination among these programs to maximize their 
effectivenss.   


EPA has also engaged the National Academy of Sciences 
(NAS) to convene national experts on the topic of 
sustainability science.  While there have been over two 
decades of science focused on how to attain the goals of 
sustainability, this work has not translated into an 
operational framework.  By the summer of 2011, the NAS 
will produce a document (the so called “green book”) that 
will provide a foundation of recommendations for EPA to 
consider in implementing the types of analysis, 
assessments, and evaluations needed to institutionalize 
sustainability into all of the agency’s decisions. 


Text Box 4: Integrated Problem Solving: 
A Drinking Water Example 


 
EPA is seeking a new approach to expand public health 
protection for drinking water by going beyond the 
traditional framework that addresses contaminants one at a 
time. The Agency has conducted a national conversation 
to identify better ways to address contaminants in groups, 
improve drinking water technology, and more effectively 
address potential risks to give Americans greater 
confidence in the quality of their drinking water. 
 
EPA is focused on four principles that will provide greater 
protection of drinking water. These are: 


• Address contaminants as groups rather than one 
at a time so that enhancement of drinking water 
protection can be achieved cost-effectively. 


• Foster development of new drinking water 
technologies to address health risks posed by a 
broad array of contaminants. 


• Use the authority of multiple statutes to help 
protect drinking water. 


• Partner with states to share more complete data 
from monitoring at public water systems (PWS). 


As EPA reviews existing regulations and 
related programs, we intend to promote 
system approaches and integrated solutions 
within EPA and with other federal 
agencies.  For example, the National 
Oceanic and Atmospheric Administration, 
Fish and Wildlife Service, U.S. Department 
of Agriculture, and EPA have formed an 
interagency workgroup of senior policy 
leaders to craft a multi-faceted strategy to 
address the challenge of the protection of 
endangered species and the administration 
of FIFRA. 
 
EPA’s research and development activities 
can help provide a strong scientific 
foundation for innovative solutions.  
Strategic sequencing of regulations as they 
are developed will allow us to consider the 
cumulative impacts of our rules and to 
regulate more efficiently.  Use of systems 
and life cycle analyses allows us to pinpoint 
the most effective points for policy 
intervention.  Applying the full spectrum of 
policy tools available to the Agency can 
maximize environmental results while 
reducing costs. (See text box 3.)    
 
Another example where the Agency has 
successfully applied this integrated 
approach is in the area source rule for auto 
body shops.  A technology based control 
limit was complemented by a non-
regulatory pollution prevention approach.  
The Design for Environment program 
developed an alternative solvent that does 
not require emissions control technology, 
thus providing industry a way to avoid the 
costs of installing pollution control 
equipment by using alternative chemicals.  
Another example is EPA’s current efforts to 
develop an integrated approach to drinking 
water protection. (See text box 4.) 
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1.2 A more efficient approach to regulation 
 
EPA recognizes that there is potential for regulatory overlap and contradiction between various 
jurisdictional requirements.  In this setting, regulations often appear to be excessive.  Businesses 
are concerned with inconsistency and duplication across varying jurisdictions.  The Agency is 
seeking ways to introduce greater efficiencies into our regulatory program and achieve greater 
harmonization among related regulations, 
both among EPA regulations and among 
the regulations of other federal, state, local, 
and tribal agencies.  With the broad 
initiatives outlined previously, as well as 
the regulatory reviews described in section 
2, EPA will look for ways to protect human 
health and the environment more efficiently 
and effectively. 
 
As an example, EPA is examining ways to 
harmonize its vehicle regulations with those 
of California and other federal agencies in 
the following areas:   
 


1. Fuel economy labeling with the 
California Air Resources Control 
Board (CARB) and the Federal 
Trade Commission;  


2. Vehicle greenhouse gas standards 
and fuel-economy standards in 
conjunction with the Department of 
Transportation (DOT) and CARB; 
and  


3. Vehicle testing and compliance 
standards with CARB.   


 
Another example is described in the text 
box 5.  By using a flexible systems 
approach to vehicle and fuel regulations, 
EPA has spurred a sustainable 
transportation market and given the 
industry the flexibility to design innovative 
technological responses to regulatory 
requirements. 
 
The technological advances of the 
Information Age also provide an 
opportunity to make environmental 
protection more data-driven and 


Text Box 5: Making Transportation More Sustainable:  
A Flexible Systems Approach 


 
The substantial emission reductions achieved through 
vehicle and fuel standards depends on extensive 
collaboration between EPA and vehicle, engine, and fuel 
manufacturers; state and local governments; 
transportation planners; and individual citizens. EPA 
takes a systems approach, setting standards for both 
vehicles and fuels.  For example, the Vehicle Tier 2 
standards were combined with low sulfur gasoline 
standards to enable cleaner vehicle technologies.  This 
results in greater emissions reductions at lower costs.  
Vehicle, engine, and fuel regulations include a number of 
flexibilities to help industry achieve the standards and 
reduce compliance costs, such as averaging, banking and 
trading, early credits, phase-in schedules, exemptions, and 
hardship relief..  Compliance reports by vehicle 
manufacturers, fuel producers and others are virtually all 
submitted electronically.  This flexible approach to mobile 
source emission control is responsible for greatly reducing 
mobile source air pollution during the last 30 years. 
 
The transportation industry has responded to this flexible 
systems approach with improvements to engine and 
vehicle technologies that help to make transportation 
more sustainable.  These improvements include: 


• Designing highly efficient combustion systems 
to minimize exhaust pollution. 


• Introducing vapor recovery systems to capture 
evaporating gasoline. 


• Using computer technologies to monitor and 
control engine performance. 


• Developing effective "after treatment" 
technologies, such as catalytic converters and 
particulate filters, that remove pollutants from 
the exhaust stream before they can escape into 
the atmosphere. 


• More recently, reducing greenhouse gases and 
improving fuel economy through engine 
improvements like gasoline direct injection and 
use of turbochargers, increased production of 
hybrids and initial commercialization of electric 
vehicles. 
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analytically rigorous while still collecting 
data and analyzing performance in a more 
efficient way.  (As an example, see text box 
6.)  As the costs of acquiring, analyzing, 
and disseminating data is reduced, it 
becomes easier for EPA to cost-effectively 
achieve its mission.   EPA is committed to 
moving the regulatory process into 
alignment with the opportunities presented 
by new information technology.   
 


1.3 Conduct of reviews 
 
On a predictable, transparent, five-year 
cycle, EPA intends to ask the public to 
nominate additional regulations for review 
and intends to commit to new reviews to 
supplement those described in this Plan.  As 
explained in section 4 of this Plan, future 
review priorities will be determined by: 


• Comments gathered from the 
public, other federal agencies, and 
EPA experts;  


• The expertise of the EPA offices 
writing the regulations; 


• Priorities of the day, such as 
judicial rulings, emergencies, etc.;  


• The principles and directives of EO 
13563; and  


• Agency resources.   
 
EPA plans to use the Semiannual 
Regulatory Agenda and websites, such as 
EPA’s Open Government site and the 
Rulemaking Gateway, to regularly report 
on the reviews that are underway. 
 
With regard to EPA’s initial list of 
initiatives and retrospective reviews, and 
with regard to future reviews, the Agency 
intends to: 
 


• Maintain focus on EPA’s mission.  First and foremost, EPA’s intends to focus our 
regulatory reviews on protecting human health and safeguarding the environment as 
efficiently and effectively as possible. 


Text Box 6: Technological Advances Lead to Cheaper 
and Cleaner Outcomes: Onboard Diagnostics  


 
By capitalizing on advances in information technology for 
vehicle diagnostics, the Agency has helped to achieve 
cheaper and cleaner outcomes in our automotive 
emissions control program.  Vehicles are equipped with a 
“Check Engine Light” that illuminates if a component 
failure could cause emission problems.  The use of 
Onboard Diagnostic Systems (OBD) has resulted in 
dramatic improvements in the performance and operation 
of motor vehicles, reducing emissions significantly, 
reducing costs associated with emission control, and 
improving durability and maintenance.  OBD systems set 
the dashboard light which is visible to the owner at the 
point in time either a malfunction of an emission related 
component or an actual emission problem occurs.  This 
provides a vehicle owner the opportunity to fix the 
problem when it occurs shortening the amount of time the 
problem exists.  In addition, in areas with inspection and 
maintenance programs vehicles with such a light on must 
be repaired prior to passing the inspection.  In both cases 
OBD identifies potential emission problems prior to the 
point in time such problems would have been identified 
by prior testing technologies.  It has also made it easier for 
motorists and repair technicians to identify and correct 
problems as they arise, before problems compound and 
develop into more serious and costly situations.   
 
A simple OBD scan tool can now determine if there are 
problems with the emission control system and can 
replace equipment costing 100 times more.  
Correspondingly, the cost of vehicle inspection has 
dropped from around $25 per vehicle to about $10 per 
vehicle in most areas doing only OBD testing, leading to 
major savings to motorists.  Vehicle emissions inspections 
are also conducted much more quickly, saving time for 
motorists.   
 
EPA recently expanded the implementation of OBD to 
include heavy-duty vehicles.  It is anticipated that OBD 
systems will reduce emissions from this segment of the 
vehicle fleet, reduce costs associated with controlling 
heavy-duty vehicle emissions, and improve the quality 
and longevity of emission related repairs on such vehicles. 
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• Meet the Agency’s current commitments.  This Plan recognizes the Agency’s existing 


statutory and judicial requirements for regulatory reviews.  As EPA moves forward, we 
must ensure that resources continue to be available to meet these mandatory obligations 
while still addressing the many discretionary reviews identified in this Plan.  As we 
conduct regulatory reviews, EPA will follow any statutory and/or judicial requirements 
that apply to the particular regulation(s) under review.  Statutes may affirmatively require 
the Agency to consider specific factors in reviewing regulations or contain express 
limitations on the factors the Agency may take into account.   


 
• Make the Plan predictable.  EPA managers, who are responsible for budgeting for the 


Plan, as well as EPA staff who implement it and external stakeholders who want to 
participate, need to be able to forecast and plan for the upcoming work.   


 
• Make the Plan flexible and responsive to priority needs.  Despite the desire to keep to 


a predictable schedule, EPA retains the discretion to modify the schedule as new 
priorities, emergencies, resource constraints, and other considerations arise.   
 


• Follow statutorily mandated procedural requirements.  This Plan establishes the 
means by which EPA intends to select candidates for regulatory review, but once a 
regulation is selected, the Agency intends to follow our established, comprehensive 
regulatory development process to discern what, if any, revisions are necessary and to 
develop the revisions.  The Agency will follow the procedures set out in, and conduct the 
analyses required by, the Administrative Procedure Act, other applicable administrative 
statutes, applicable Executive Orders, and internal EPA rulemaking procedures that 
constitute the legal and policy framework for EPA’s rule development activities.  In 
revising regulations, EPA intends to follow its established policies to provide meaningful 
opportunities for public involvement, evaluate direct and indirect public health 
implications, and analyze the benefits and costs of its rules. 


 
• Provide leadership regarding environmental justice issues.  Consistent with EO 


12898 and the Administrator's priorities, EPA also intends to continue its leading role on 
environmental justice matters to ensure that, in the development of its regulations, EPA 
considers overburdened communities and vulnerable populations, as well as the potential 
for adverse disproportionate impacts to low income, minority, and tribal populations.  
Further EPA intends to continue advancing environmental justice across the federal 
government through the actions outlined in Plan EJ 2014’s draft implementation plans, 
the Agency’s overarching strategy for integrating environmental justice in its programs, 
policies and activities, as well as through its review of other federal EO 13563 plans.  
 


• Provide leadership regarding children’s health issues.  Consistent with EO 13045, 
EPA’s Children’s Health Policy, EPA’s FY 2011-2015 Strategic Plan, and the 
Administrator’s priorities, EPA will continue to lead efforts to protect children from 
environmental health risks.  To accomplish this, EPA will use a variety of approaches, 
including regulation, enforcement, research, outreach, community-based programs, and 
partnerships to protect pregnant women, infants, children, and adolescents from 
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environmental and human health hazards.  The Agency’s strategy for integrating 
children’s health protection is described in EPA’s FY 2011-2015 Strategic Plan, Cross-
Cutting Fundamental Strategy, “Working for Environmental Justice and Children’s 
Health.”  EPA utilizes the document, “Guide to Considering Children's Health When 
Developing EPA Actions,” to implement EO 13045 and EPA's Policy on Evaluating 
Health Risks to Children.3  


 
 
 
  


                                                 
3 Access the “Guide to Considering Children’s Health When Developing EPA Actions”: 
http://yosemite.epa.gov/ochp/ochpweb.nsf/content/ADPguide.htm/$File/EPA_ADP_Guide_508.pdf.  
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Text Box 7: Meeting the Principles of EO 
13563:  The Spill Prevention, Control, and 


Countermeasure (SPCC) Rule 
 
The SPCC amendments for the dairy industry 
are a good example of how the Agency strives to 
meet the principles of the EO, such as 
minimizing cumulative burden, maximizing net 
benefits, eliminating direct regulation when 
alternatives exist, and simplifying and 
harmonizing regulations across federal agencies.  
On January 15, 2009, EPA proposed 
amendments to the SPCC rule to tailor and 
streamline requirements for the dairy industry by 
excluding from the SPCC requirements milk 
containers and associated piping and 
appurtenances.  The rule proposed to address 
concerns raised specifically by the dairy farm 
sector on the applicability of the SPCC 
requirements to milk containers.  In April 2011, 
EPA finalized this action and excluded all milk 
and milk product containers, and associated 
piping and appurtenances, from the SPCC 
requirements, including an exclusion of the 
capacity of these milk and milk product 
containers from a facility's total oil storage 
capacity calculation to determine if the facility is 
subject to SPCC.   EPA estimates that dairy 
farms and milk product manufacturing plants 
will incur savings of $146 million per year.   
 
For more information, see: 
• “Oil Pollution Prevention; Spill Prevention, 


Control, and Countermeasure (SPCC) 
Rule— Amendments for Milk and Milk 
Product Containers; Final Rule,” 76 FR 74 
(18 April 2011), pp. 21652 – 21660, 
http://www.gpo.gov/fdsys/pkg/FR-2011-04-
18/pdf/2011-9288.pdf.  


 


2 Regulations We Plan to Review 
 
EPA intends to undertake 31 regulatory reviews for this, our initial review period.  Sixteen of 
them fit into the category of “early actions,” meaning the Agency intends to take a specific step 
which could lead to modifying, streamlining, expanding, or repealing a regulation or related 
program during the 2011 calendar year.  The other 
15 reviews are longer term actions; the Agency 
intends to review the regulations in question and 
assess whether revisions are needed.  Each action 
is described in this section, and the next milestone 
for each action is included where available.  Note 
that this is only a preliminary list.  Pursuant to 
guidance from the Office of Management and 
Budget (OMB), EPA intends to further consult 
with stakeholders in summer 2011.  The 31 
reviews listed here may or may not change as a 
result of this additional consultation.   
 
Moreover, it is important to keep in mind that the 
31 reviews in this section are our priority 
activities for meeting the principles of EO 13563, 
but the Agency is undertaking many more reviews 
than this.  Of the approximately 200 active actions 
that are expected to be listed in EPA’s soon-to-
publish Spring 2011 Semiannual Regulatory 
Agenda, roughly 60% are reviews of existing 
regulations.4   
 
Although many of these ongoing reviews already 
meet the spirit and principles of EO 13563, the 
Agency is also considering the thoughtful public 
comments we received during our public 
involvement process (described in section 3).  
Those, too, are serving to inform the reviews.  
EPA views EO 13563 as an opportunity to 
improve the way the Agency does business – to 
help create a more efficient, 21st century 
regulatory program.   
 
The Agency has recently completed a pair of 
actions that are illustrative of efforts we intend to 
                                                 
4 This estimate is based on actions expected to be published in EPA’s forthcoming Spring 2011 Semiannual 
Regulatory Agenda, except for the actions in the "Completed" or "Long Term" rulemaking stages.  These estimates 
may change slightly by the time the Spring 2011 Semiannual Regulatory Agenda publishes. 
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pursue under this Plan: 
 


• The Spill Prevention, Control, and Countermeasure (SPCC) amendments for the dairy 
industry are a good example of a review which met EO principles such as minimizing 
cumulative burden, maximizing net benefits, and simplifying and harmonizing 
regulations across federal agencies, while producing annual cost savings of $146 million.  
(See text box 7.) 


 
• On March 29, 2011, EPA finalized a regulation5 pertaining to alternative fuel conversions 


of vehicles and engines.  The regulation responded to concerns that the approval process 
for converting gasoline or diesel vehicles to operate on alternative fuels (e.g., natural gas, 
propane, alcohol, or electricity) is too costly and cumbersome.  The Agency adopted a 
new approach that streamlines and simplifies the process by which manufacturers of 
clean alternative fuel conversion systems may qualify for exemption from the Clean Air 
Act prohibition against tampering.  The new options reduce some economic and 
procedural impediments to clean alternative fuel conversions while maintaining 
environmental safeguards to ensure that acceptable emission levels from converted 
vehicles and engines are sustained.  For light-duty engines, the broad average cost of 
compliance for one certificate prior to the issuance of this regulation was about $44,372; 
but as a result of EPA’s regulatory review, the estimated cost under the same assumed 
conversion scenario would be about $36,744 for new light-duty engines and $13,175 for 
intermediate-age and older light-duty engines.  For heavy-duty engines, the cost savings 
are expected to be even greater. 


 
These sorts of efforts, where we worked with stakeholders and other agencies to achieve a 
positive outcome for the regulated community while protecting human health and the 
environment, is what the Agency will strive to replicate in the upcoming activities under the EO.   
 


2.1 Early actions 
 
Of the 31 priority regulatory reviews presented in this section, the following 16 are early actions 
that are intended to yield in 2011 a specific step toward modifying, streamlining, expanding, or 
repealing a regulation or related program.  Asterisks (**) preceding the heading of a review 
indicate those reviews which were suggested in one or more public comments.   
 


1. ** Lead Renovation, Repair, and Painting Program: considering new post-work 
requirements designed to ensure cleaning meets clearance standards 


2. ** Sanitary Sewer Overflow (SSO) and peak flow wet weather discharges: clarifying 
permitting requirements  


3. Vehicle fuel vapor recovery systems: eliminating redundancy 
4. ** Gasoline and diesel regulations: reducing reporting and recordkeeping 


                                                 
5 “Clean Alternative Fuel Vehicle and Engine Conversions; Final Rule,” 76 FR 68 (08 April 2011), pp. 19830 – 19874, 
http://www.gpo.gov/fdsys/pkg/FR-2011-04-08/pdf/2011-7910.pdf.  
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5. Regulatory certainty for farmers: working with the U.S. Department of Agriculture 
(USDA) and states 


6. ** Modern science and technology methods in the chemical regulation arena: reducing 
whole-animal testing, reducing costs and burdens, and improving efficiencies 


7. ** Electronic online reporting of health and safety data under the Toxic Substances 
Control Act (TSCA); Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA); and 
Federal Food, Drug, and Cosmetic Act (FFDCA): reducing burden and improving 
efficiencies 


8. ** National Priorities List rules: improving transparency 
9. Quick changes to some TSCA reporting requirements: reducing burden 
10. Integrated pesticide registration reviews: reducing burden and improving efficiencies 
11. ** National Pollutant Discharge Elimination System (NPDES): coordinating permit 


requirements and removing outdated requirements 
12. ** Vehicle regulations: harmonizing requirements for: 


a. Fuel economy labels 
b. Greenhouse gas and fuel economy standards 
c. Vehicle emission standards  


13. Multiple air pollutants: coordinating emission reduction regulations and using innovative 
technologies 


14. **  New Source Performance Standards (NSPS) reviews and revisions: setting priorities 
to ensure updates to outdated technologies 


15. Innovative technology: seeking to spur new markets and utilize technological innovations 
16. ** The costs of regulations: improving cost estimates 


 


2.1.1 **6 Lead Renovation, Repair, and Painting Program: 
considering new post-work requirements designed to ensure 
cleaning meets clearance standards 


Common renovation activities like sanding, cutting, and demolition can create hazardous lead 
dust and chips by disturbing lead-based paint, which can be harmful to adults and children.  To 
protect against this risk, on April 22, 2008, EPA issued the Lead Renovation, Repair, and 
Painting Program rule (Lead RRP) requiring the use of lead-safe practices and other actions 
aimed at preventing lead poisoning.  Under the rule, beginning April 22, 2010, contractors 
performing renovation, repair, and painting projects that disturb lead-based paint in homes, child 
care facilities, and schools built before 1978 must be certified and must follow specific work 
practices to prevent lead contamination.  On May 6, 2010, EPA proposed additional 
requirements designed to ensure that renovation work areas are adequately cleaned after 
renovation work is finished and before the areas are re-occupied.  These additional requirements 
included dust wipe testing after renovations and additional cleaning, if needed, designed to 
ensure that renovation work areas meet clearance standards before re-occupancy.  The cost of 
EPA's proposed additional testing requirements were between $272 million to $290 million per 
year ($2008).  EPA is now reviewing the efficacy of both its original testing requirements as well 


                                                 
6 Asterisks (**) preceding the heading of a review indicate those reviews which were suggested in one or more 
public comments. 
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as those additional requirements proposed in 2010 and expects to issue a final rule in summer 
2011. 
 


2.1.2 ** Sanitary Sewer Overflow (SSO) and peak flow wet weather 
discharges: clarifying permitting requirements  


During periods of wet weather, wastewater flows received by municipal sewage treatment plants 
can significantly increase, which can create operational challenges for sewage treatment 
facilities. Where peak flows approach or exceed the design capacity of a treatment plant they can 
seriously reduce treatment efficiency or damage treatment units. In addition to hydraulic 
concerns, wastewater associated with peak flows may have low organic strength, which can also 
decrease treatment efficiencies. One engineering practice that some facilities use to protect 
biological treatment units from damage and to prevent overflows and backups elsewhere in the 
system is referred to as wet weather blending. Wet weather blending occurs during peak wet 
weather flow events when flows that exceed the capacity of the biological units are routed 
around the biological units and blended with effluent from the biological units prior to discharge. 
Regulatory agencies, sewage treatment plant operators, and representatives of environmental 
advocacy groups have expressed uncertainty about National Pollutant Discharge Elimination 
System (NPDES) requirements addressing such situations. 
 
EPA intends to hold a workshop as a follow-up to the listening sessions that EPA held in June 
and July of 2010, concerning issues associated with Sanitary Sewer Overflows and Peak Flow 
wet weather discharges.  EPA received extensive verbal and written comments during and as a 
result of these listening sessions.  The objective of the follow-up workshop is to allow 
stakeholders to discuss these issues in greater detail.  Following the workshop, EPA will evaluate 
options that are appropriate (rule or policy or neither) for addressing Separate Sanitary 
Overflows and Peak Flow wet weather discharges. 
 


2.1.3 Vehicle fuel vapor recovery systems: eliminating redundancy 
Onboard refueling vapor recovery technology on today’s gasoline-powered vehicles effectively 
controls harmful air emissions as cars and trucks refuel, thereby eliminating the need for controls 
at the gas pump.  This ongoing review is intended to eliminate the gas dispenser-based vapor 
control requirements that have become redundant due to this onboard technology, and thereby 
relieve states of the obligation to require pump-based Stage II vapor recovery systems at gasoline 
stations.  EPA expects to issue a proposed rulemaking, entitled "Widespread Use of Onboard 
Refueling Vapor Recovery," in summer 2011.  Taking into consideration the costs associated 
with the removal of vapor recovery equipment and the use of less expensive conventional 
equipment on the gasoline dispensers, as well as the reductions in record-keeping requirements 
and other operating costs, EPA estimates the  long term cost savings associated with this rule to 
be approximately $67 million per year ($2011).   
 


2.1.4 ** Gasoline and diesel regulations: reducing reporting and 
recordkeeping 


EPA intends to review existing gasoline and diesel regulations that apply to fuel producers, 
ethanol blenders, fuel distributors, and others for areas where recordkeeping and reporting 
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obligations can be modified to reduce burden.  This review is planned to be done in conjunction 
with the rulemaking on the next set of vehicle emission and fuel standards, known as “Tier 3 
motor vehicle emission and fuel standards,” informed by public comments received in the EO 
13563 public outreach process.  EPA expects to propose modifications to gasoline and diesel 
regulations in late 2011. 
 


2.1.5 Regulatory certainty for farmers: working with the U.S. 
Department of Agriculture (USDA) and states 


 
In conjunction with USDA and several states, EPA is exploring “certainty” mechanisms that 
encourage farmers to implement voluntary practices that reduce impacts on water quality.  In 
particular, if farmers' actions result in quantifiable and verifiable improvements in water quality 
and resource conservation, EPA and USDA are working with states to develop programs that can 
provide assurances that the farmers' actions are consistent with state plans to improve water 
quality.  EPA and USDA's efforts are intended to allow states flexibility to increase farmers’ and 
other landowners’ interest and willingness to adopt the most effective land stewardship practices 
by providing incentives that increase the pace and extent to which resource conservation and 
verifiable water quality improvements are achieved.  EPA expects that the project will be up and 
running at the state level with USDA partners by the end of the calendar year. 
 


2.1.6 ** Modern science and technology methods in the chemical 
regulation arena: reducing whole-animal testing, reducing 
costs and burdens, and improving efficiencies 


The identification, evaluation, and regulation of chemicals to protect human health and the 
environment is the essence of EPA’s mandate.  Given the increasing demands to assess more 
chemicals with greater speed and accuracy, and to do so using fewer resources and experimental 
animals, new approaches in biological and computational sciences are needed to ensure that 
relevant information is available to meet the challenges of prioritization, targeted testing, and 
risk assessment.7 
 
Prioritization can focus resources on chemicals that are believed to pose the greatest risk to 
human health and/or the environment.  There are also many chemicals for which a substantial 
amount of information is known about hazard and/or exposure.  A more efficient science-based 
approach to determine testing needs for these chemicals can reduce the use of experimental 
animals and testing burdens, as well as facilitate the timely development of risk assessments and 
ultimately informed and timely regulatory decisions that are based on sound science.   
 
EPA is drafting a work plan to develop and move towards adoption of new science-based 
approaches like computational toxicology tools to:  


                                                 
7 See also the 2007 Report from the National Research Council entitled “Toxicity Testing in the 21st Century: A 
Vision and a Strategy.”  http://www.nap.edu/openbook.php?record_id=11970.  
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• Prioritize chemicals for risk assessment/management purposes.  The objective is to 
identify chemicals or groups of chemicals with the highest potential for exposure and/or 
human health/environmental effects and focus resources on those chemicals.   


• Develop the tools to base chemical risk management decisions about potential human 
health and ecological risks on sufficient, credible data and on information that is tailored 
around the specific compound as well as the needs of the risk assessment and risk 
management decisions.  


 
This work plan will describe the major steps needed to develop and transition to the decision 
support tools (i.e., computational toxicology tools) for priority setting and targeted testing; and 
propose three case studies relevant to industrial chemicals, water contaminants, and pesticides.  
In addition, EPA is developing a work plan to identify the steps needed to satisfy the validation 
requirements related to regulatory acceptance of these new approaches for possible use in 
screening under the Endocrine Disruptors Screening Program (EDSP).  In 2011, EPA is 
expanding its efforts to engage interested stakeholders in this project. 
 


2.1.7 ** Electronic online reporting of health and safety data under 
the Toxic Substances Control Act (TSCA); Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA); and Federal Food, 
Drug, and Cosmetic Act (FFDCA): reducing burden and 
improving efficiencies 


EPA currently collects a variety of chemical-specific health and safety data under several 
different regulations issued pursuant to TSCA, FIFRA, and FFDCA.  


 
During the public involvement process, industry suggested that electronic online reporting could 
help to reduce overall reporting and recordkeeping burdens, although some also expressed 
concern that the information continue to be protected as statutorily required.  EPA has already 
implemented efforts to incorporate online electronic reporting of information it collects under the 
TSCA regulations, and we intend to consider lessons learned from the electronic pilot initiated 
several years ago for accepting electronic copies of some pesticide information submitted under 
FIFRA and FFDCA. 


 
Online electronic reporting can reduce burden and costs for the regulated entities by eliminating 
the costs associated with printing and mailing this information to EPA.  The regulated 
community has indicated that these savings could be substantial.  At this time, EPA has not yet 
estimated the potential burden reduction or savings that might result from the improved 
efficiencies being considered. 


 
Later this year, the Agency expects to propose revisions to implement electronic reporting for the 
submission of health and safety data under TSCA.  For the consideration of electronic reporting 
options for pesticide submissions, EPA intends to develop a workplan for completing this review 
effort within the next 12 months.  The workplan is intended to identify a timeline and the process 
that EPA plans to use in expanding the existing effort that was initiated with stakeholders. 
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2.1.8 ** National Priorities List rules: improving transparency 
EPA will ensure meaningful and substantial state involvement in decisions to place sites on the 
National Priorities List (NPL).  During the public involvement process, the National Governors 
Association commented on the need for EPA to share information that we rely upon to determine 
whether sites should be placed on the NPL.  The NPL is the list of national priorities among the 
sites with known releases or threatened releases of hazardous substances, pollutants, or 
contaminants throughout the United States and its territories.  The NPL is intended primarily to 
guide EPA in determining which sites warrant further investigation.  EPA is working to improve 
state and other stakeholder involvement to ensure that information is available to support 
Superfund listing determinations or other state or federal cleanup options.  Since state 
environmental agencies conduct roughly half of the Superfund site assessment reports completed 
each year, states’ environmental staff are generally aware of specific site conditions as sites 
move towards the NPL listing phase.  For those reports not produced by states, EPA routinely 
makes them available to the state partners so that both parties have the information necessary to 
hold collaborative discussions on the need for potential NPL listing.  EPA intends to redouble its 
effort to make sure states, tribes, and other stakeholders are fully informed regarding EPA’s NPL 
process.  EPA intends to address this programmatic concern through the ongoing Integrated 
Cleanup Initiative during the third quarter of fiscal year 2011 and beyond.   
 


2.1.9 Quick changes to some TSCA reporting requirements: reducing 
burden  


EPA is developing a proposal to make a few quick changes to three existing reporting 
requirements under TSCA to reduce reporting burdens and to clarify reporting to provide for 
more efficient review of health and environmental data for more effective protection of public 
health and the environment. Specifically, the changes involve 40 CFR 790.5, entitled 
"Submission of Information;” 40 CFR 792.185, entitled "Reporting of Study Results;” and 40 
CFR 712.28, entitled "Forms and Instructions." The changes under consideration include the 
elimination of the requirement for 6 copies to be submitted; the addition of a requirement for 
including "Robust Summaries" of test results with the submission of test data; and the use of the 
Inventory Update Reporting Form to format the submission of preliminary assessment 
information in response to chemical information rules.   
 
These quick changes are expected to result in important efficiencies and burden reduction for 
industry and EPA, as well as improve the quality of information provided to the public.  EPA 
expects to propose changes to reporting requirements by the end of 2011. 
 


2.1.10 Integrated pesticide registration reviews: reducing burden and 
improving efficiencies  


Under the FIFRA, EPA reviews all current pesticide registrations every 15 years to ensure they 
continue to meet the protective FIFRA standard in light of new information and evolving 
science.  To efficiently manage this very large effort, we are bundling chemicals by classes of 
pesticides with similar modes of operation or uses (e.g., neonicitinoids, pyrethroids).  This has 
significant efficiency benefits for registrants, the public, and EPA.  For example, instead of EPA 
reviewing data and developing multiple independent risk assessments for individual chemicals, a 
number of similar chemicals can be cost-effectively evaluated at the same time.  Registrants have 
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greater certainty of a “level playing field” as the policies and state-of-the-science are the same at 
the time all of the pesticides in a class are evaluated.  Registrants can form task forces to share 
the cost of producing data and to negotiate the design of any special studies required for a family 
of pesticides.  It also promotes higher quality and more comprehensive assessment of cumulative 
impacts.  By grouping classes of pesticides for consideration, it enhances our ability to meet our 
responsibilities in areas such as considering the impacts on endangered species and consulting 
with the Fish and Wildlife Service in the Department of the Interior, and National Marine 
Fisheries Service in the National Oceanic and Atmospheric Administration, Department of 
Commerce.  Because the Services could also consider a class of pesticides on a common 
timeframe, there is a greater likelihood that they would recommend consistent Reasonable and 
Prudent Alternatives in their Biological Opinions should consultation be required, which would 
provide benefits to pesticide registrants and users.    
 
Bundling chemicals for registration review can also ease the burden for registrants by 
minimizing redundant data submissions and allowing comprehensive discussion of issues and 
risk management approaches.  For instance, a registrant task force could coordinate production 
of data for common degradates, and possibly demonstrate to the Agency how data for a subset of 
pesticides in a class could be bridged to provide sufficient information for the entire class of 
pesticides.  This approach can also benefit public participation in the registration review process.  
Rather than tracking actions, providing data and providing input on individual chemicals, the 
public can more effectively engage on entire groups of chemicals.  Finally, bundling chemicals 
for review makes it easier to adjust priorities if circumstances demand.  If new information or 
risk concerns demonstrate the need for accelerated review, it is easier to adjust resources and 
schedules when similar chemicals are already grouped together for action.  For instance, when 
California accelerated their re-evaluation of pyrethroid registrations after the publication of new 
stream sediment monitoring data, the Agency was in a position to coordinate data requirements 
and study designs with California because it had already scheduled the registration review of 
pyrethroids as a class for the near future.  Some near-term examples of this chemical bundling 
include initiating registration reviews for the neonicotinoid insecticides and sulfonylurea 
herbicides in the next 12-18 months. 
 


2.1.11 ** National Pollutant Discharge Elimination System (NPDES): 
coordinating permit requirements and removing outdated 
requirements 


EPA plans to review the regulations that apply to the issuance of NPDES permits, which are the 
wastewater permits that facility operators must obtain before they discharge pollutants to any 
water of the United States.  EPA plans to review NPDES permitting regulations in order to find 
provisions that are outdated or ineffective.  EPA expects the review to most likely focus on:  a) 
eliminating inconsistencies between regulations and application forms; b) improving the 
consistency between the application forms; c) updating the application forms to address current 
program practices; d) clarifying the existing regulations and modifying or repealing permitting, 
monitoring, and reporting requirements that have become obsolete or outdated due to 
programmatic and technical changes that have occurred over the past 20 years; and e) modifying 
permit documentation and objection procedures to improve the quality and transparency of 
permit development.  As an example of an outdated regulation which could be changed to reduce 
burden, as well as improve transparency and public access to information, EPA is considering 
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whether to revise the public notice requirements to allow a state to post notices and draft permits 
on their state agency websites in lieu of traditional newspaper posting.  EPA expects to propose 
modifications to NPDES permit regulations by the end of 2011. 
 


2.1.12 ** Vehicle regulations: harmonizing requirements 
EPA intends to review existing vehicle regulations for areas where greater harmonization with 
California and the U.S. Department of Transportation (DOT) can be achieved.  Activities to be 
considered include: 


• Fuel Economy Label harmonization with the California Air Resources Board (CARB) 
and Federal Trade Commission (FTC) – Working in coordination with DOT, EPA 
reviewed and proposed changes to the fuel economy label that consumers see on the 
window of every new vehicle in dealer showrooms.   As the final fuel economy label rule 
is developed, EPA and DOT are working to harmonize the label with CARB and the FTC 
labels.  This was recommended by an auto industry representative during the public 
comment process for this Plan.   Final action is projected for June 2011.  


• Vehicle greenhouse gas and fuel-economy standards compliance harmonization with  
DOT and CARB – EPA and DOT’s National Highway Transportation Safety 
Administration are developing a joint rulemaking to propose greenhouse gas (GHG) and 
Corporate Average Fuel Economy (CAFE) standards for model years 2017-2025 light-
duty vehicles.   As part of this process, EPA and DOT intend to take comment on 
opportunities to further harmonize compliance requirements of the two Agencies.   This 
was recommended by an auto industry representative during the public comment process 
for this Plan.  EPA expects to propose standards in September 2011.  


• Vehicle standards compliance harmonization with CARB – EPA plans to assess and take 
comment on opportunities to harmonize testing and compliance requirements with 
CARB’s vehicle emission standards. This review is expected to be done in conjunction 
with the rulemaking on the next set of vehicle and fuel standards, known as Tier 3 motor 
vehicle emission and fuel standards, informed by public comments received during the 
public outreach process.  EPA expects to propose new vehicle and fuel standards in late 
2011.   


 


2.1.13 Multiple air pollutants: coordinating emission reduction 
regulations and using innovative technologies  


EPA intends to explore ways to reduce emissions of multiple pollutants through the use of 
technologies and practices that achieve multiple benefits, such as controlling hazardous air 
pollutant emissions while also controlling particulate matter and its precursor pollutants.  Next 
steps include: 


• Issuance of a proposed rulemaking for the Maximum Achievable Control Technology 
(MACT) Risk and Technology Review for Pulp and Paper Industry (Subpart S) and 
Chemical Recovery Combustion Sources (Subpart MM), and New Source 
Performance Standards (NSPS) review for Kraft Pulp Mills.  It is important that the 
Kraft NSPS and other MACT regulations for the pulp and paper industry (e.g., 
Subpart S and Subpart MM) be considered together to account for the interactions 
and collateral benefits or dis-benefits between the emitted criteria pollutants and 
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hazardous air pollutants (HAPs).  This industry-specific “sector” approach will allow 
for the following:   


o Avoid “stranded” costs associated with piecemeal investment in control 
equipment for individual pollutants from multiple, successive rulemakings. 


o Tailor results based on source-specific fuel inputs (e.g., non-condensable 
gases, wastewater treatment residuals) versus general inputs (e.g., coal, wood, 
oil, gas). 


o Opportunity to consider industry-specific technology-based solutions (e.g., 
energy efficiency).  


o Model risk from most of the HAP-emitting processes at the facility. 
o Put most of the regulated processes on the same review cycle. 
o Flexibility in compliance alternatives. 


• Due to a court ordered deadline, the first step in executing this strategy will be the 
modification of Subpart S following the risk and technology review.  A proposed rule 
is anticipated in summer 2011.  The other actions will follow. 


 


2.1.14 New Source Performance Standards (NSPS) reviews and 
revisions: setting priorities to ensure updates to outdated 
technologies 


The Clean Air Act requires EPA to review and update NSPS every eight years for over 70 
different industrial source types.  In conducting such reviews in the past, the usefulness of the 
reviews varied greatly across the different source types.  For some source types, we have seen 
significant improvements in processes and emission control technologies, along with significant 
numbers of new sources.  For others, we found little change in prevailing technologies and/or 
little growth in the industry.  Accordingly, we intend to establish priorities for the review and 
revision of NSPS based on the opportunities for meaningful improvements in air quality and 
public health, giving lesser importance to those categories where little or no opportunity for such 
improvements realistically exists.  In particular, EPA expects to issue an Advanced Notice of 
Proposed Rulemaking projected for summer of 2011 that presents an approach that includes a 
streamlined process to consider whether an NSPS requires a review.  If the standard remains 
effective in meeting the requirements of the CAA, then we will not conduct a review and redirect 
both public and private resources to the rules that provide the greatest public health protection 
and are most likely to warrant revision. This approach will allow the NSPS review process to be 
made more efficient, so that both public and private resources can be focused where it makes the 
most sense. 
 


2.1.15 Innovative technology: seeking to spur new markets and utilize 
technological innovations  


Available and affordable technology choices define the potential range of environmental 
solutions for many environmental problems.  Moreover, technology innovation can lead not only 
to better environmental outcomes, but better economic opportunities and outcomes, too.  EPA 
efforts in the past 40 years have spurred technology developments responsible for profound 
improvements in environmental protection through preventing, reducing, and sequestering 
pollutants, and monitoring environmental conditions.  Yet, many perceive that technology 
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choices can be inflexible and fixed through regulation, creating a disincentive for innovation as 
technology, markets, and other conditions change.   
 
During retrospective reviews and new rulemakings, EPA intends to assess innovative technology 
opportunities and market drivers, and implement a strategy to enhance the degree to which EPA's 
regulatory processes leverage market opportunities and encourage continued development of 
new sustainable technologies to achieve improved environmental results at lower costs.  
Likewise, monitoring and testing certification procedures and regulations are often codified and 
then, over time, can become outdated.  Where feasible, EPA plans to continue to make changes 
to update monitoring and testing protocols through flexible approaches such as alternative 
method approval procedures, which can allow more immediate use of new methods based on 
new scientifically sound technology that meet legally supported criteria.  In future rulemakings, 
EPA will continue to augment codified protocols by utilizing established requirements, such as 
the National Technology Transfer Advancement Act, to add by reference, methods developed by 
voluntary consensus organizations, where appropriate.     
 
EPA has taken steps already to support technological innovation in the water sector through 
cooperation with a newly formed regional water technology cluster.  The water technology 
innovation cluster intends to develop and commercialize innovative technologies to solve 
environmental challenges and spur sustainable economic development and job growth through 
the expansion, creation, and attraction of water technology companies and investment.  EPA co-
hosted a workshop with the regional Water Technology Innovation Cluster (WTIC) on May 23, 
2011, where the Agency worked to identify major challenges and technology needs faced by the 
different water sectors.   
 
The Agency also intends to move forward with other activities to support technological 
innovation.  For example, EPA is participating in the California Technology Initiative, a 
technology demonstration partnership which includes the South Coast and San Joaquin Air 
Management Districts, the State of California, and the private sector.  The Initiative is an 
opportunity for business to demonstrate and help bring to market new clean air and clean energy 
technologies that have the potential to reduce the costs of compliance with existing regulations, 
as well as create economic development and new jobs.  Initial technology demonstrations are 
expected to be up and running by spring 2012. 
 


2.1.16 ** The costs of regulations: improving cost estimates  
EPA intends to evaluate the degree to which the following differ:  


• Costs estimates developed prior to the issuance of a regulation (ex-ante costs); and 
• Actual costs that are realized after regulated entities begin complying with the regulation 


(ex-post costs). 
 
EPA intends to explore, through an analysis initially focusing on 5 rules, possible sources of 
uncertainty and reasons why predictive cost estimates and estimates of actual costs diverge.  One 
of the goals of the project is to determine if any systematic biases exist in EPA’s ex-ante cost 
estimates, and if so, why.  One potentially important reason for the difference between ex-ante 
and ex-post costs is unanticipated technological innovation that occurs between the time a rule is 
promulgated and when the regulated community must begin complying with the regulation.  The 
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overall goal of this project is to identify ways EPA can improve our estimates of compliance 
costs to better predict what a regulation will cost. The Agency plans to complete a draft final 
report of our retrospective analysis of the first five rules by fall 2011. 
 
 


2.2 Longer term actions 
The 15 regulatory reviews listed here are part of EPA’s initial list of 31 priority regulatory 
reviews.   These actions are on a longer term schedule relative to the early actions listed in the 
previous section.  Descriptions for each follow.  Asterisks (**) preceding the heading of a review 
indicate those reviews which were suggested in one or more public comments.   
 


1. ** E-Manifest: reducing burden 
2. Electronic hazardous waste Site ID form: reducing burden 
3. ** Consumer confidence reports for primary drinking water regulations: providing for the 


open exchange of information 
4. ** Reporting requirements under Section 303(d) of the Clean Water Act (CWA): 


reducing burden 
5. ** Export notification for chemicals and pesticides: reducing burden and improving 


efficiencies 
6. ** Water quality trading: improving approaches 
7. ** Water Quality Standard regulations: simplifying and clarifying requirements 
8. ** State Implementation Plan (SIP) process: reducing burden 
9. ** CAA Title V Permit programs: simplifying and clarifying requirements  
10. ** National primary drinking water regulations for lead and copper: simplifying and 


clarifying requirements 
11. Adjusting threshold planning quantities (TPQs) for solids in solution: reducing burden 


and relying on scientific objectivity 
12. ** Certification of pesticide applicators: eliminating uncertainties and improving 


efficiencies 
13. Polychlorinated biphenyls (PCB) reforms: improving efficiencies and effectiveness 
14. Contaminants under the Safe Drinking Water Act (SDWA): coordinating regulatory 


requirements 
15. **Section 610 reviews:  coordinating requirements 


 


2.2.1 **8 E-Manifest: reducing burden     
Currently, hazardous waste generators, transporters, and permitted waste management facilities 
must complete and carry a 6-ply paper manifest form as the means to comply with the “cradle-to-
grave” tracking requirements required for off-site hazardous waste shipments under section 
3002(a)(5) of the Resource Conservation and Recovery Act (RCRA) statute.  EPA and our 
stakeholders advocate developing electronic hazardous waste manifesting services that EPA 
would host as a national system.  This electronic system would allow stakeholders the option of 
                                                 
8 Asterisks (**) preceding the heading of a review indicate those reviews which were suggested in one or more 
public comments. 
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using electronic manifests in lieu of the current 6-ply paper forms.  Stakeholders recommended 
in 2004 that EPA develop a national electronic manifest system hosted by the Agency as a means 
to implement a consistent and secure approach to completing , submitting, and keeping records 
of hazardous waste manifests electronically. 
 
Electronic manifests could be downloaded to mobile devices, and tracking data distribution 
could be carried out electronically.  Waste handlers could accomplish nearly real-time tracking 
of waste shipments, EPA and states could maintain more effective oversight of hazardous waste 
shipments, data quality and availability would be greatly improved, and the Agency could collect 
and manage manifest data and Biennial Reporting data much more efficiently.   
 
While the development of a national e-Manifest system would entail an IT investment of about 
$6 million for hardware and software needs, with total intramural and extramural system 
development costs ranging from $9.3M to $26.6M, EPA believes that such a system would 
produce annual savings to waste handlers and regulators of about $80 million.  The hazardous 
waste industry is on record supporting a user fee funded approach to developing and operating 
the e-Manifest, and EPA is currently supporting legislative and regulatory efforts to establish the 
e-Manifest system.   
 
In the FY 2012 Congressional Budget Justification, EPA is requesting $2 million to begin the 
development of an electronic hazardous waste manifest system.  The Agency intends to submit 
to Congress a legislative proposal to collect user fees to support the development and operation 
of this system.  As part of the regulatory review plan, EPA proposes including the efforts to 
finalize the rule that will allow tracking of hazardous waste using the electronic manifest system.  
Were legislation to be enacted, EPA expects we would be able to finalize a rule within the 
milestones established in that legislation. 
 


2.2.2 Electronic hazardous waste Site ID form: reducing burden 
RCRA requires individuals who (1) generate or transport hazardous waste or (2) operate a 
facility for recycling, treating, storing, or disposing of hazardous waste, to notify EPA or their 
authorized state waste management agency of their regulated waste activities and obtain a RCRA 
Identification (ID) Number.  The RCRA ID Number is a unique identification number, assigned 
by EPA or the authorized state waste management agency, to hazardous waste handlers (see 
categories described above) to enable tracking of basic site information and regulatory status.   
 
Currently, the Hazardous Waste Site ID form is an electronically-fillable PDF form. However, 
after a facility types in their information, the facility must print the form, sign it, and then mail it 
to the state or EPA Region. This is because the Site ID form requires a facility operator's wet 
signature.  Similar to submitting tax forms online, this process can be streamlined if EPA can 
enable Site ID forms to be signed and submitted electronically.  Electronically submitting Site ID 
forms would: 1) save in mailing costs; 2) enable better data quality as the data would be entered 
by the facility itself; 3) increase efficiency of the notification process as the facility could easily 
review its past submissions and submit updates to the Site ID form (rather than repeatedly filling 
out the form again and again); and 4) enable states and EPA to receive the updated data faster.    
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As every Small Quantity Generator facility; Large Quantity Generator (LQG) facility; and 
Treatment, Storage, and Disposal (TSD) facility is required to use the Site ID form to obtain an 
EPA ID number and to submit changes to facility information, electronically submitting Site ID 
forms could potentially impact 50,000-100,000 facilities nationwide.  In 2010, there were 97,610 
submissions.  As part of the Biennial Report, LQG and TSD facilities have to re-notify every two 
years.  State renewals are state-specific, but it is noted that several states require annual re-
notifications.   Online electronic reporting of the Site ID form can reduce burden and costs for 
the regulated entities by eliminating the costs associated with printing and mailing this 
information to EPA.  The regulated community has indicated that these savings could be 
substantial; however, EPA has not done a formal burden/cost reduction analysis.  EPA estimates 
an electronic Site ID form could be implemented within a year after the decision is made to 
move forward. 
 


2.2.3 ** Consumer confidence reports for primary drinking water 
regulations: providing for the open exchange of information  


Consumer Confidence Reports are a key part of public right-to-know in the SDWA.  The 
Consumer Confidence Report, or CCR, is an annual water quality report that a community water 
system is required to provide to its customers.  Community Water Systems (CWSs) serving more 
than 10,000 persons are required to mail or otherwise directly deliver these reports.  States may 
allow CWSs serving fewer than 10,000 persons to provide these reports by other means.  The 
report lists the regulated contaminants found in the drinking water, as well as health effects 
information related to violations of the drinking water standards.  This helps consumers make 
informed decisions.  As stakeholders discussed during the public involvement process for this 
Plan, there has been a major increase and diversity in communication tools since 1998.  EPA will 
consider reviewing the Consumer Confidence Report Rule to look for opportunities to improve 
the effectiveness of communicating drinking water information to the public, while lowering the 
burden of water systems and states.  One example suggested by water systems is to allow 
electronic delivery through e-mail, thereby reducing mailing charges.  This may also improve the 
readership of CCRs.  EPA estimates that a retrospective review of the CCR could be completed 
within 12-16 months after the review cycle begins in fiscal year 2012. 
 


2.2.4 ** Reporting requirements under Section 303(d) of the Clean 
Water Act (CWA): reducing burden  


On April 1 of every even numbered year, states report to EPA on the status of the nation’s waters 
to fulfill reporting requirements under CWA Sections 303(d) and 305(b).  The requirement for 
states to report on the condition of their waterbodies every two years under Section 305(b) is 
statutory.  However, the requirement for states to identify impaired waters every two years under 
Section 303(d) is regulatory.  States have raised concerns that reporting this information every 
two years is a significant burden.  EPA intends to work with the public and states to identify the 
impact of changing this reporting cycle.  EPA plans to review this activity by June 2012.  
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2.2.5 ** Export notification for chemicals and pesticides: reducing 
burden and improving efficiencies  


The regulations issued pursuant to section 12(b) of TSCA specify export notification 
requirements for certain chemicals subject to regulation under TSCA sections 4, 5, 6, and 7.  The 
purpose of the export notification requirements of section 12(b) of TSCA is to ensure that 
foreign governments are alerted when EPA takes certain regulatory actions on chemical 
substances being exported from the United States to those foreign countries, and to communicate 
relevant information concerning the regulated chemicals.  In addition, section 17(a) of FIFRA 
requires that the foreign purchaser of a pesticide that is not registered by EPA sign a statement, 
prior to export, acknowledging that the purchaser understands that the pesticide is not registered 
for use in the United States and cannot be sold in the United States.  The purpose of the export 
notification requirements of section 17(a) is to ensure that foreign purchasers and the regulatory 
authorities in the importing country know these pesticides do not have an EPA registration; EPA 
registration carries a high degree of significance among other countries.  Under both the TSCA 
and FIFRA regulations, the export notifications must be transmitted to an appropriate official of 
the government of the importing country, and is intended to provide them with notice of the 
chemical’s export and other relevant information, e.g. the chemical’s regulatory status in the U.S. 
and whether other information is available about the chemical.   


 
During the public involvement process for this Plan, industry reported that these export 
notification requirements have resulted in a significant, and growing, number of export 
notifications, which is burdensome both for them, and also for EPA and the receiving foreign 
countries.  Yet industry suggested that these requirements do not appear to provide comparable 
benefits to public health or the environment.   


 
EPA intends to review the implementing regulations to determine whether there are any 
opportunities to reduce overall burden on exporters, the Agency, and receiving countries, while 
still ensuring that the statutory mandates are followed.  For example, EPA is considering whether 
some or all of the transaction could be accomplished through electronic media and whether other 
changes to the process could provide efficiencies that would benefit all parties.   
 
EPA is currently developing a workplan for completing this review effort within the next 12 
months.  As a first step in this effort, EPA intends to carefully review the related comments 
received during the public involvement process for this Plan.  The Agency intends to identify a 
timeline and process for engaging stakeholders in this review. 
 


2.2.6 ** Water Quality Trading: improving approaches 
In 2003, EPA issued its final Water Quality Trading Policy, which provides a framework for 
trading pollution reduction credits to promote cost-effective improvements in water quality, 
consistent with the goals and requirements of the Clean Water Act.  This policy has been a 
success in encouraging states and stakeholders to give greater attention to market-based 
approaches for achieving pollutant reductions beyond the technology-based requirements of the 
Act.  However, EPA believes that significant, cost-effective pollutant reductions, particularly 
from non-point sources, remain untapped, and will explore ways to revise the policy based on 
lessons learned over the past eight years and public input.  EPA intends to begin this process 
with a workshop or other forum to solicit ideas from the public on barriers to trading under the 
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current policy, and ways to reduce these barriers.  The focus is expected to be on seeking 
improved approaches that promote trading in ways that “share” the gains from increased 
efficiency, so as to provide reasonable further progress toward attainment of water quality goals 
and simultaneously reduce costs and promote economic growth.  EPA intends to begin this 
process with a workshop or other forum to be held in 2012. 


2.2.7 ** Water Quality Standard regulations: simplifying and 
clarifying requirements  


EPA intends to propose a targeted set of changes to the water quality standard (WQS) 
regulations to improve its effectiveness in helping restore and maintain the Nation’s waters.  The 
core of the current WQS regulation has been in place since 1983, and provides limited guidance 
on recurring implementation issues.  The proposed rule is expected to provide clarity in the 
following six key areas: 1) antidegradation, 2) Administrator’s determination, 3) uses, 4) 
variances; 5) triennial review scope and requirements, and 6) updating regulation to reflect court 
decisions.  This action will allow EPA to better achieve program goals by providing enhanced 
water resource protection and greater flexibility in meeting Water Quality Standards in 
appropriate circumstances.   
 


2.2.8 ** State Implementation Plan (SIP) process: reducing burden  
EPA intends to review the administrative steps states must follow when they adopt and submit 
State Implementation Plans that describe how they will attain and maintain the National Ambient 
Air Quality Standards, with the goal of reducing and eventually eliminating the paper (hardcopy) 
submittals of SIP revisions in favor of electronic submittals.  A number of simplifying changes 
have recently been communicated to the states as guidance.  These changes will eliminate the 
need for many formal hearings on matters of no public interest, expensive advertisements in 
newspapers with low readership, and shipment of multiple hard copies of documents.  
Additionally, a state-EPA working group is considering 1) training tools that would assist states 
developing nonattainment SIPs for the first time, and 2) ways to provide states with information 
that will better equip them to deal with SIPs (e.g. SIP status/approval information, information 
on innovative measures). 
 
Additional changes that may involve rulemaking include the following: 


• Continuing to pursue options for reducing and eventually eliminating the paper 
(hardcopy) submittals of SIP revisions in favor of electronic submittals. 


• Determining whether additional types of non-substantive SIP revisions may be added to 
the list of actions appropriate for Letter Notice. 


• Exploring other modifications that would provide less rigorous notice and comment 
requirements for such non-substantive SIP revisions. 


 
The timeframes for these milestones will be determined at a later date. 
 


2.2.9 ** CAA Title V Permit programs: simplifying and clarifying 
requirements.  


Operating permits are legally enforceable documents that permitting authorities issue to air 
pollution sources after the source has begun to operate.  As required under Title V of the CAA, 
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most large sources and some smaller sources of air pollution are required to obtain an operating 
permit.  A Title V permit lists all of the air quality-related rules and requirements that apply to 
the particular source, and specifies how compliance will be monitored.  States are required to 
give public notice of the draft and final permits and typically post permits on their websites.  
This avoids any misunderstandings between the source, regulatory agencies, and the public 
living around the source.     
 
The Title V program was the focus of many of the public comments received as part of the 
outreach EPA conducted as it developed its plan to implement Executive Order 13563.  In 
addition, EPA continues to draw on the Title V implementation ideas generated by its Clean Air 
Act Advisory Committee (CAAAC), including those developed by a CAAAC task force in 2006.  
Taking advantage of advice and ideas from all these sources, EPA intends to review the Title V 
implementation process to determine whether changes can be made to help all permitting 
participants understand the program better.  EPA also intends to streamline the process to be 
more efficient in terms of industry, public, and government resources.  Activities may include 
consideration of electronic filing of applications, including supporting material such as reports.  
The timeframe for action will be determined at a later date. 
 


2.2.10 ** National primary drinking water regulations for lead and 
copper: simplifying and clarifying requirements  


On June 7, 1991, EPA published a regulation to control lead and copper in drinking water. This 
regulation is known as the Lead and Copper Rule (also referred to as the LCR).  The treatment 
technique for the rule requires systems to monitor drinking water at customer taps.  If lead and 
copper concentrations exceed action levels in more than 10% of customer taps sampled, the 
system must undertake a number of additional actions to reduce lead levels.  If the action level 
for lead is exceeded, the system must also inform the public about steps they should take to 
protect their health.  While LCR is an important means for reducing children's exposure to lead, 
stakeholders have commented that the rule is hard to understand and implement.  The LCR 
review is evaluating ways to improve public health protections provided by the rule as well as 
streamline rule requirements by making substantive changes based on topics that were identified 
in the 2004 National Review of the LCR.  EPA currently expects to issue a proposed rulemaking 
in spring 2012.  
 


2.2.11 Adjusting threshold planning quantities (TPQs) for solids in 
solution: reducing burden and relying on scientific objectivity  


The extremely hazardous substances (EHSs) list and its TPQs, developed pursuant to the 
Emergency Planning and Community Right-to-Know Act (EPCRA), are intended to help 
communities focus on the substances and facilities of most immediate concern for emergency 
planning and response.  EPA is considering an alternative approach for the TPQs for chemicals 
on the EHSs list that are handled as non-reactive solids in solution. EPA is pursuing this 
approach in part based on industry's request to revisit the TPQ rationale for the chemical 
paraquat dichloride (handled as a solid in aqueous solution).  These regulatory revisions reflect 
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EPA's use of best current science, and offer streamlining for facilities while maintaining 
environmental standards, and will be completed by fall 2012.9    The burden reduction is 
estimated to be minimal because the required notification is a one-time reporting (unless 
significant changes occur) and the rule change only affects facilities who have not yet reported.  
These facilities may handle other EHS chemicals that would trigger the emergency planning 
requirements anyway.  Comments on the proposed rule are due June 15 and so far the Agency 
has received one comment, which is in favor of the proposal. 
 


2.2.12 ** Certification of pesticide applicators: eliminating 
uncertainties and improving efficiencies  


EPA intends to review regulations for certification and training of pesticide applicators (40 CFR 
171).  By law, certain pesticides may be applied only by or under the direct supervision of 
specially trained and certified applicators.  Certification and training programs are conducted by 
states, territories, and tribes in accordance with national standards. EPA has been in extensive 
discussions with stakeholders since 1997, when the Certification and Training Assessment Group 
(CTAG) was established.  CTAG is a forum used by regulatory and academic stakeholders to 
discuss the current state of, and the need for improvements in, the national certified pesticide 
applicator program.  In July of 2004, well over a million private, state, federal, and tribal 
commercial certified applicators had active pesticide applicator certificates in the U.S. 


 
Based on extensive interactions with stakeholders, EPA has identified the potential for 
streamlining activities which could reduce the burden on the regulated community by promoting 
better coordination among the state, federal, and tribal partnerships, clarifying requirements, and 
modifying potentially redundant or restrictive regulation.  This review would also consider 
strengthening the regulations to better protect pesticide applicators and the public and the 
environment from harm due to pesticide exposure.  In addition, resources and time permitting, 
EPA intends to consider the use of innovative technology tools (e.g., investigation of the use of 
educational tools such as web based tools), including consideration of the need to ensure 
communication and training is available to non-English speakers.  EPA intends to propose 
improvements to these regulations in 2012. 
 


2.2.13 Polychlorinated biphenyls (PCB) reforms: improving 
efficiencies and effectiveness  


EPA regulations governing the use of PCBs in electrical equipment and other applications were 
first issued in the late 1970s and have not been updated since 1998.  EPA has initiated 
rulemaking to reexamine these ongoing PCB uses with an eye to ending or phasing out uses that 
can no longer be justified under section 6(e) of the Toxics Substances and Control Act (TSCA), 
which requires that EPA determine certain authorized uses will not present an unreasonable risk 
of injury to health and the environment.  In addition, EPA recognizes that its cleanup program 
for PCBs may create barriers to the timely cleanup of sites that are contaminated with PCBs and 
other toxic constituents under EPA’s other cleanup programs.  Thus, EPA intends to look for 
opportunities to improve PCB regulations and related guidance to facilitate quicker and more 
                                                 
9 More information about TPQs for EHSs: http://www.epa.gov/oem/content/epcra/epcra_ammend.htm.  
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effective PCB cleanups, for example with respect to PCB-contaminated caulk.  EPA has already 
started looking for opportunities to improve PCB cleanup guidance and will be working with 
states to identify areas for focus.  Also, EPA intends to look in the future (not earlier than 2013), 
after guidance revision opportunities are completed, at whether there are remaining issues that 
need regulatory revisions to facilitate quicker and more effective PCB cleanups. 
 


2.2.14 Contaminants under the Safe Drinking Water Act (SDWA): 
coordinating regulatory requirements  


On March 22, 2010, EPA announced a new Drinking Water Strategy, which was aimed at 
finding ways to strengthen public health protection from contaminants in drinking water.  This 
collaborative effort across EPA program offices is intended to streamline decision-making and 
expand protection under existing laws, and to enable EPA to provide more robust public health 
protection in an open and transparent manner, assist small communities to identify cost and 
energy efficient treatment technologies, and build consumer confidence by providing more 
efficient sustainable treatment technologies to deliver safe water at a reasonable cost.  To obtain 
input on the strategy, EPA held four public listening sessions around the country, hosted a web-
based discussion forum, and met with the National Drinking Water Advisory Council.  In 
addition, EPA held a web dialogue and stakeholder meeting focused on the first goal of the 
strategy.  The first goal of the strategy is to address contaminants as groups rather than one at a 
time, so that enhancement of drinking water protection can be achieved cost-effectively.  The 
Agency announced in February 2011, that it plans to develop one national drinking water 
regulation (NDWR) covering up to sixteen carcinogenic Volatile Organic Compounds (VOCs).  
EPA intends to propose a regulation to address carcinogenic contaminants as groups rather than 
individually in order to provide public health protections more quickly and also allow utilities to 
more effectively and efficiently plan for improvements.  This action is part of the Agency's 
Drinking Water Strategy to help streamline implementation of drinking water rules for the 
regulated community.  EPA expects to issue a proposed rulemaking in the fall of 2013. 
 


2.2.15 **Section 610 reviews:  coordinating requirements 
Under section 610 of the Regulatory Flexibility Act, EPA is required to review its regulations 
that have or will have a significant economic impact on a substantial number of small entities 
(SISNOSE) within ten years of promulgation.  Section 610 specifically requires review of 
regulations to determine the continued need for the rule; the nature of complaints or comments 
received concerning the regulation from the public since promulgation; the complexity of the 
regulation; the extent to which the rule overlaps, duplicates or conflicts with other federal 
regulations, and, to the extent feasible, with state and local government regulations; and the 
length of time since the regulation has been evaluated or the degree to which technology, 
economic conditions, or other factors have changed in the area affected by the regulation.  These 
areas effectively promote many of the same principles of transparency, streamlining, and 
flexibility outlined in EO 13563.  To the extent practicable, EPA plans to use the opportunity 
under this Plan to combine is section 610 reviews with other reviews.  EPA’s upcoming 610 
reviews include 


• National Pollutant Discharge Elimination System Permit Regulation and Effluent 
Guidelines and Standards for Concentrated Animal Feeding Operations due by February 
2013;  
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• NESHAP: Reinforced Plastic Composites Production due by April 2013; and 
• Control of Emissions of Air Pollution from Nonroad Diesel Engines and Fuel due by 


June 2014. 
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3 Public Involvement and Agency Input for this Plan 
 
EPA developed this Plan by gathering input from the public and from the Agency’s regulatory 
experts.  In parallel efforts, we sought to learn how public and Agency stakeholders would 
recommend designing EPA’s Preliminary Plan for Periodic Retrospective Reviews of Existing 
Regulations.  The regulatory reviews described in section 2 respond to a number of the 
comments submitted by the public and EPA regulatory experts. 
 


3.1 Public involvement in developing this Plan 
 
Through EPA’s public involvement process, the Agency gathered verbal and written public 
comments on the design of the Plan and on regulations that should be candidates for 
retrospective review.  EPA posted the “Improving Our Regulations” website 
(http://www.epa.gov/improvingregulations) on February 18, 2011.  The site provided direct links 
to a total of fifteen dockets established in Regulations.gov where members of the public could 
submit written comments about how EPA should design the Plan.  Many commenters also 
suggested regulations as candidates for retrospective review.  Fourteen of the dockets allowed 
the public to submit ideas by: 


• Issue or impact: 
o Benefits and costs (Docket # EPA-HQ-OA-2011-0158) 
o Compliance (EPA-HQ-OA-2011-0166) 
o Economic conditions / market (EPA-HQ-OA-2011-0167) 
o Environmental justice / children’s health / elderly  (EPA-HQ-OA-2011-0168) 
o Integration and innovation (EPA-HQ-OA-2011-0161) 
o Least burdensome / flexible approaches (EPA-HQ-OA-2011-0165) 
o Science / obsolete / technology outdated (EPA-HQ-OA-2011-0162) 
o Small business (EPA-HQ-OA-2011-0164) 
o State, local and tribal governments (EPA-HQ-OA-2011-0163) 


• Program area: 
o Air (EPA-HQ-OA-2011-0155) 
o Pesticides (EPA-HQ-OA-2011-0157) 
o Toxic substances (EPA-HQ-OA-2011-0159) 
o Waste (EPA-HQ-OA-2011-0160) 
o Water (EPA-HQ-OA-2011-0154) 


 
A fifteenth docket collected general comments (EPA-HQ-OA-2011-0156) that spanned more 
than one issue/impact or program area.  Also, we established an email account where members 
of the public could submit their ideas: ImprovingRegulations.SuggestionBox@epa.gov.  And 
finally, EPA issued a Federal Register (FR) notice10 to ensure that people who lacked Internet 
access could read EPA’s call for public comment. 


                                                 
10 EPA issued a Federal Register (FR) notice on February 23, 2011, to announce the public comment period and 
public meeting.  EPA subsequently issued a second FR notice on March 18th to extend the comment period.  The 
respective citations are: 
[cont’d. on next page] 
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The website, dockets, and FR notice included guiding questions based on the principles of EO 
13563 and EPA’s priorities.  The Agency provided these questions to guide the public in 
formulating their ideas, not to restrict their comments.  (See the questions in the appendix.)  
Verbal comments were solicited at a series of twenty public meetings.  On March 14, EPA held a 
day-long public meeting in Arlington, Virginia, focused on all aspects of the Plan.  The first half 
of the day focused on how to design the Plan.  The second half was divided into targeted, 
concurrent sessions that focused on five areas: air, pesticides, toxic substances, waste, and water.  
Additionally, EPA held nineteen more town halls and listening sessions targeting specific 
programs areas (e.g. solid waste and emergency response) and EPA Regions.  In total, 
approximately 600 members of the public attended.   
 
Written comments were initially solicited from February 18 – March 20, 2011.  After hearing 
many requests from the public to extend the comment period, EPA extended the due date to 
April 4, 2011.  Over 1,400 submissions were made to the public dockets.  To advertise the public 
comment process and the public meetings, we issued a press release, publicized on our Open 
Government website and other key websites, and posted on the Agency’s Facebook and Twitter 
pages.   
 
While EPA has read all of the comments, the Agency has yet to process and address each one.  
In keeping with OMB guidance,11 EPA intends to further consult with the public in May or June.  
EPA intends to consider the comments it has yet to process, as well as new input received in 
May or June, and may make updates to this Plan and/or the list of initial regulations we intend to 
review.  Upon processing all of the public’s input, however, the Agency may decide that no 
further additions will be made until future review periods.   
 
Even if a suggested regulatory review is not taken up in this first review period, we do not intend 
to forget it.  While it is impossible to conduct – all at one time – the many reviews that were 
suggested in public comments, the comments will be retained in publicly accessible 
Regulations.gov dockets and EPA intends to once again review the comments in the future five-
year review periods described in section 4.   
 
  


                                                                                                                                                             
• “Improving EPA Regulations; Request for Comment; Notice of Public Meeting,” 76 FR 36 (23 


February 2011), pp. 9988 – 9990, http://www.gpo.gov/fdsys/pkg/FR-2011-02-23/pdf/2011-4152.pdf. 
• “Extension of Comment Period: EPA’s Plan for Retrospective Review Under Executive Order 13563,” 


76 FR 53 (18 March 2011), pp. 14840 – 14841, http://www.gpo.gov/fdsys/pkg/FR-2011-03-
18/pdf/2011-6413.pdf.  


11 Memorandum from Cass R. Sunstein, Administrator of the Office of Information and Regulatory Affairs, Office 
of Management and Budget, to Heads of Executive Departments and Agencies.  “Retrospective Analysis of Existing 
Significant Regulations,” 25 April 2011, http://www.whitehouse.gov/sites/default/files/omb/memoranda/2011/m11-
19.pdf.  
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3.2 Agency input into this Plan 
 
While EPA’s public involvement process was underway, the Agency also engaged in an 
extensive process to tap the expertise of regulatory professionals throughout EPA and 
complement ideas gathered from the public.  A cross-Agency workgroup helped craft the Plan 
and collected nominations for retrospective reviews from EPA’s rule-writing experts, as well as 
those who work on regulatory enforcement and compliance.  Staff and managers in EPA’s ten 
Regional offices hold responsibilities for executing EPA’s programs within the Nation’s states, 
territories, and tribal nations.  The Regions also assisted with the design of the Plan and 
indentified regulations that should be candidates for retrospective review. 
 
Moreover, EPA combined efforts in the development of this Plan during preparation of the 
Spring 2011 Semiannual Regulatory Agenda.  The Agenda describes a broad universe of 
regulatory activities under development or review, as well as recently completed regulations.  
This comprehensive report of regulations currently under development includes a number of 
activities that EPA identified as responsive to EO 13563.   EPA has a long history of reviewing 
regulations and related activities in an effort to continually improve its protection of human 
health and the environment.  It is the Agency’s ongoing responsibility to listen to regulated 
groups and other stakeholders, rely on EPA expertise and quality scientific and economic 
analyses, address petitions for regulatory revisions, and otherwise respond to public and internal 
cues that indicate when reviews are necessary.   
 
EPA determined which ongoing activities listed in our upcoming Spring 2011 Semiannual 
Regulatory Agenda are themselves a regulatory to identify regulatory requirements that may be 
“outmoded, ineffective, insufficient, or excessively burdensome,” as directed by EO 13563.  
While some of these regulatory revisions are required by statute, many others are being 
examined by EPA as a discretionary measure.  EPA intends to apply the principles and directives 
of EO 13563 to these ongoing reviews.  
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4 EPA’s Plan for Future Periodic Regulatory Reviews  
 
EPA has selected an initial list of regulations that are expected to be reviewed during our first 
review period.  However, EO 13563 also calls for “a preliminary plan, consistent with law and 
its resources and regulatory priorities, under which the agency will periodically review its 
existing significant regulations…” (emphasis added).12  This section of the Plan therefore defines 
a process that EPA intends to use for predictable, transparent future reviews, to be conducted 
every five years. 
 
4.1 Management and oversight of the Plan 
 
EPA’s Regulatory Policy Officer (RPO) was responsible for developing this Plan for the 
Administrator.  Going forward, the RPO intends to work toward finalizing this Plan; manage and 
oversee the execution of future retrospective reviews; report on EPA’s progress; and evaluate the 
Plan. 
 
4.2 Process for conducting retrospective reviews 
 
EPA plans to ask the public about our full range of regulations – soliciting comments on what 
the public recommends for review – on a five-year cycle.  The Agency also intends to ask for 
input from EPA’s rule-writing experts.  Every five years, the Agency intends to follow a four-
step process for retrospective reviews: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


                                                 
12 Executive Order 13563, http://www.gpo.gov/fdsys/pkg/FR-2011-01-21/pdf/2011-1385.pdf 


Step 1: Solicit Nominations  
• At the start of each new review period, EPA plans to ask the public, other federal agencies, 


and EPA experts to nominate regulations that are in need of review. 
• EPA plans to announce the new nomination period via the Semiannual Regulatory 


Agenda, a press release, and related outreach tools. 
• EPA intends to collect public input via a Regulations.gov docket. 
• EPA plans to collect input from EPA experts via a staff-level “Regulatory Review 


Workgroup,” as well as senior management meetings. 


Step 2: Select Regulations for Review 
• From the nominees, EPA intends to select a discrete number of regulations for review.  To 


the extent permitted by law and resources, selections are intended to be based on: 
o Comments gathered in Step 1;  
o The expertise of the EPA offices writing the regulations; 
o Priorities of the day, such as judicial rulings, emergencies, etc.;  
o Criteria described in subsection 4.3, and  
o Agency resources.  
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In each review period, the first three steps are expected to take approximately one year to 
complete, giving the Agency the remaining four years, or more if needed, to complete 
modifications as warranted. 
 
As mentioned in section 3, EPA intends to seek further public consultation in May or June 2011 
once a preliminary version of this Plan is complete.  After this public consultation, the Agency 
may make updates to this Plan and/or the list of initial regulatory reviews.  Even if a suggested 
regulatory review is not taken up in this first review period, we do not intend to forget it.  While 
it is impossible to conduct – at one time – all of the reviews that were suggested in the public 
comments we have received, all comments will be retained in publicly accessible 
Regulations.gov dockets, and EPA intends to once again review these ideas in future five-year 
review periods.   
 
 
4.3 Criteria for regulatory reviews 
 
In each review period, EPA intends to use the principles and directives of EO 13563 both to help 
determine which of the suggested regulations should be reviewed (Step 2 in subsection 4.2) and 
to evaluate regulations under review (Step 3 in subsection 4.2)  During Step 2, the Agency 
intends to assess in a general way whether the principle or directive is likely to have a bearing on 
the regulation’s review; while during Step 3, the Agency intends to analyze each regulation more 
fully and answer the questions that appear under each heading below.   
 
For example, the first principle listed in EO 13563 is: “[T]o the extent permitted by law, each 
agency must, among other things propose or adopt a regulation only upon a reasoned 


Step 3: Conduct Retrospective Reviews 
• Rule-writing offices plan to review the selected regulations using the criteria described in 


subsection 4.3. 
• The Agency intends to establish a docket for each regulation under review in order to 


collect public comments on whether to revise the regulation, and if so, how. 
• EPA intends to announce which regulations are under review in the Semiannual 


Regulatory Agenda and on the Rulemaking Gateway. 


Step 4: Make Necessary Modifications 
• After collecting comments from the public and conducting our own analyses, EPA 


intends to make modifications to any regulation that warrants it, as determined during 
Step 3. 


• The Agency plans to announce such modifications in the Federal Register, the 
Rulemaking Gateway, and the Semiannual Regulatory Agenda. 
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determination that its benefits justify its costs (recognizing that some benefits and costs are 
difficult to quantify).”13 This principle corresponds to the “Benefits justify costs” heading below.  
During Step 2, EPA would answer a general question such as “Are there benefit and cost 
estimates related to this regulation that warrant review at this time?”  During Step 3, the Agency 
would conduct a more detailed retrospective benefit-cost analysis to understand if the benefits of 
the regulation still justify its costs.  
 


• Benefits justify costs 
o Now that the regulation has been in effect for some time, do the benefits of the 


regulation still justify its costs? 
 


• Least burden 
o Does the regulation impose requirements on entities that are also subject to 


requirements under another EPA regulation?  If so, what is the cumulative burden 
and cost of the requirements imposed on the regulated entities? 


o Does the regulation impose paperwork activities (reporting, recordkeeping, or 
third party notifications) that could benefit from online reporting or electronic 
recordkeeping?   


o If this regulation has a large impact on small businesses, could it feasibly be 
changed to reduce the impact while maintaining environmental protection?   


o Do feasible alternatives to this regulation exist that could reduce this regulation’s 
burden on state, local, and/or tribal governments without compromising 
environmental protection?   


 
• Net benefits 


o Is it feasible to alter the regulation in such a way as to achieve greater cost 
effectiveness while still achieving the intended environmental results?    


 
• Performance objectives 


o Does the regulation have complicated or time-consuming requirements, and are 
there feasible alternative compliance tools that could relieve burden while 
maintaining environmental protection?   


o Could this regulation be feasibly modified to better partner with other federal 
agencies, state, local, and/or tribal governments?   


 
• Alternatives to direct regulation 


o Could this regulation feasibly be modified so as to invite public/private 
partnerships while ensuring that environmental objectives are still met? 


o Does a feasible non-regulatory alternative exist to replace some or all of this 
regulation’s requirements while ensuring that environmental objectives are still 
met?   


 
                                                 
13 General Principles of Regulation,” Section 1 of Executive Order 13,563, 76 FR 3821 (January 21, 2011), 
http://www.gpo.gov/fdsys/pkg/FR-2011-01-21/pdf/2011-1385.pdf.  
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• Quantified benefits and costs / qualitative values 
o Since being finalized, has this regulation lessened or exacerbated existing impacts 


or created new impacts on vulnerable populations such as low-income or minority 
populations, children, or the elderly?   


o Are there feasible changes that could be made to this regulation to better protect 
vulnerable populations?   


 
• Open exchange of information 


o Could this regulation feasibly be modified to make data that is collected more 
accessible? 


o Did the regulatory review consider the perspectives of all stakeholders? 
 


• Coordination, simplification, and harmonization across agencies 
o If this regulation requires coordination with other EPA regulations, could it be 


better harmonized than it is now?   
o If this regulation requires coordination with the regulations of other federal or 


state agencies, could it be better harmonized with those regulations than it is now? 
 


• Innovation 
o Are there feasible changes that could be made to the regulation to promote 


economic or job growth without compromising environmental protection?   
o Could a feasible alteration be made to the regulation to spur new markets, 


technologies, or jobs?   
o Have new or less costly methods, technologies, and/or innovative techniques 


emerged since this regulation was finalized that would allow regulated entities to 
achieve the intended environmental results more effectively and/or efficiently?   


 
• Flexibility 


o Could this regulation include greater flexibilities for the regulated community to 
encourage innovative thinking and identify the least costly methods for 
compliance? 


 
• Scientific and technological objectivity 


o Has the science of risk assessment advanced such that updated assessments of the 
regulation’s impacts on affected populations such as environmental justice 
communities, children or the elderly could be improved? 


o Has the underlying scientific data changed since this regulation was finalized such 
that the change supports revision to the regulation?   


o Has the regulation or a portion(s) of the regulation achieved its original objective 
and become obsolete?   


o Does the regulation require the use of or otherwise impose a scientific or technical 
standard?  If so, is that standard obsolete or does it otherwise limit the use of 
updated or improved standards? 
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4.4 Public involvement in future review periods 
 
Just as the public has been and will continue to be involved in the development of this Plan, EPA 
plans to routinely involve the public in our periodic retrospective review process.   The Agency 
intends to ensure regular public involvement by: 
 


• Starting each review period by soliciting input from the public – As we did for this 
initial review period, EPA intends to collect public comments at the start of each five-
year review period to begin identifying nominees for regulatory review.  This public 
involvement process is described in section 4.2. 


 
• Using the existing tools – such as the Semiannual Regulatory Agenda and the 


Rulemaking Gateway – to aid the public in tracking our review activities.  EPA plans 
to publicize our regulatory review schedule in the Semiannual Regulatory Agenda.  In 
this twice yearly publication, we plan to announce upcoming review periods and provide 
status updates of the reviews underway.  At this time, EPA expects to begin its next 
review period in spring 2016.   
 
EPA’s Rulemaking Gateway is a website that allows the public to track regulations that 
are under development.  Updates are made to the Gateway on a monthly basis, and in the 
case of more time-sensitive information, on a daily basis.  Between the twice yearly 
publications of the Semiannual Regulatory Agenda, the Gateway is expected to serve as a 
resource for the public to obtain updates on regulatory reviews.  By the end of 2011, the 
Agency intends to redesign the Gateway to include retrospective review information.   
 
EPA intends to link the tracking tools for this Plan to EPA’s Open Government website 
for seamless integration of the Agency’s retrospective review efforts and broader 
transparency efforts. 
 


• Making data and analyses available, whenever possible.  Data.gov catalogs federal 
government datasets and increases the ability of the public to easily find, download, and 
use datasets that are generated and held by the federal government.  EPA will strive to 
make available, to the extent possible, the raw data used to conduct retrospective analyses 
on www.data.gov.  The Agency also intends to continue to provide access to underlying 
analyses in the Regulations.gov docket established for a regulation. 
 


• Providing notice-and-comment opportunities as the Agency makes modifications to 
regulations.  As is typically the case for new rulemakings, EPA intends to issue a Notice 
of Proposed Rulemaking (NPRM) for each modification resulting from a retrospective 
review, during which the Agency would invite public comment on the proposed 
modifications.   


 
• Making available numerous ways to contact EPA’s RPO staff.  At any time, the 


public may submit a comment to RPO staff members about the Agency’s Plan.  The 
Agency intends to make the following contact information easily accessible on the 
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Rulemaking Gateway, EPA’s Open Government website, and in all materials and media 
related to the Plan:  
 


Email: ImprovingRegulations.SuggestionBox@epa.gov   
 


Mail: 
Regulatory Policy Officer 
Re: Retrospective Review of Regulations 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, Northwest (Mail Code 1803A) 
Washington, DC 20460 
 
Advertising contact information on major EPA websites: 


• www.epa.gov/open 
• Rulemaking Gateway 
• Laws & Regulations 
• RegStat 


 


4.5 Reporting on each review period 
 
As touched on in subsection 4.4, EPA intends to regularly report on its progress.  EPA plans to 
report on the regulations under review, as well as modifications resulting from the reviews, by 
using EPA’s Semiannual Regulatory Agenda.  Also, EPA intends to provide a brief yearly 
summary of activities in EPA’s Regulatory Plan, which annually accompanies the fall 
Semiannual Regulatory Agenda.  Finally, the Agency intends to provide tracking information to 
the public on a monthly basis – in some cases, daily basis – via EPA’s Rulemaking Gateway.  
EPA plans to link these tracking tools to EPA’s Open Government website for seamless 
integration of the Agency’s retrospective review efforts and broader transparency efforts. 
 
 
4.6 Frequency of review periods 
 
EPA plans to begin a new retrospective review period every five years.  The first review period 
is expected to last from spring 2011 to spring 2016, the next period would then span spring 2016 
to spring 2021, and subsequent periods would continue on five-year cycles.  EPA intends to 
begin each review period with a public solicitation, during which time EPA would ask the public 
to nominate any of the Agency’s existing regulations for retrospective review.  The public 
nomination process would be coupled with an internal effort to capture the nominations of EPA 
experts. 
 
At any time, EPA maintains the discretion to add to the list of nominated rules gathered from the 
public, and EPA intends to select regulations for review using considerations that go beyond 
those identified by the public.  (See the considerations described in step 2, subsection 4.3.)  The 
Agency may choose to make changes to respond to public suggestions, judicial rulings, 
emergencies, or other unexpected issues.    
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5 Evaluation of the First Review Period 
 
In late 2016, as directed by OMB, EPA plans to lead an evaluation of the first review period to 
identify the best practices and areas of improvement for the Plan.  Among other things, EPA 
plans to evaluate: 


• Whether the criteria used for retrospective reviews (listed in subsection 4.3) should be 
expanded or otherwise modified. 


• The resources required to conduct the first review period, and the feasibility / 
consequences of expending the same level of resources on an ongoing basis. 


• The results of the review (e.g., how many regulations were revised? in what ways?). 
 
The results of this evaluation will be made available to the public via an announcement in EPA’s 
Regulatory Plan, as well as the other, regular reporting mechanisms described in subsection 4.5.
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6 Contact Information 
 
For more information about EPA’s Plan and retrospective reviews, contact RPO staff at: 
 


Email: ImprovingRegulations.SuggestionBox@epa.gov   
 


Mail: 
Regulatory Policy Officer 
Re: Retrospective Review of Regulations 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, Northwest (Mail Code 1803A) 
Washington, DC 20460 
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Appendix: Questions offered during the public comment 
period to help the public formulate their comments 
 
The following questions – both general questions and questions categorized by issue or impact – 
were published on EPA’s Improving Our Regulations website and added to the fifteen dockets 
that collected public comments.  During a comment period that ran from 02/18/2011 to 
04/04/2011, EPA accepted public comments on how to design this Plan.  This non-exhaustive list 
of questions was provided to help the public formulate their ideas but was not intended to restrict 
the issues that they may wish to address. 
 


General Questions 
 
• How should we identify candidate regulations for periodic retrospective review? 
• What criteria should we use to prioritize regulations for review? 
• How should our review plan be integrated with our existing requirements to conduct 


retrospective reviews? 
• How often should we solicit input from the public? 
• What should be the timing of any given regulatory review (e.g., should a regulation be in 


effect for a certain amount of time before it is reviewed)? 
 


Questions Specific to an Issue or Impact 
 
Benefits and Costs 
(Regulations.gov Docket #EPA-HQ-OA-2011-0158) 
 
• Which regulations have high costs and low benefits? What data support this? 


 
• Which regulations could better maximize net benefits (including potential economic, 


environmental, public health and safety, and other advantages; distributive impacts; and 
equity)? What data support this? What quantitative and qualitative benefits and costs justify 
your suggestion (recognizing that some benefits and costs are difficult to quantify)?  


 
Compliance  
(EPA-HQ-OA-2011-0166) 
 
• Which regulations have complicated or time consuming requirements? To what extent are 


alternative compliance tools available? Could the regulations be modified to improve 
compliance?  What data support this? 


 
• Which regulations or regulated sectors have particularly high compliance? How could the 


factors or approaches that lead to high compliance be utilized in other regulations and 
sectors? What data is available to support this?  
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Economic Conditions/ Market 
(EPA-HQ-OA-2011-0167) 
 
• Which regulations have impacted an industry sector(s) that was hard hit by high 


unemployment in the past three years?  What changes to the regulation would promote 
economic growth or job creation without compromising environmental protection?  What 
data support this? 


 
• How can regulations spur new markets, technologies, and new jobs? What suggestions do 


you have to support this idea? 
 
• Which regulations have impeded economic growth in an affected industry sector? What 


information is available to support this? How could the regulations be modified to improve 
both economic growth and environmental protection?  What data support this?  


 
• Where can EPA examine market-based incentives as an option to regulation?  What program 


would you design that utilizes market-based incentives and ensures environmental objectives 
are still met?   


 
• How can a regulation be improved so as to create, expand or transform a market? 
 
• Which regulations could be modified so as to invite public/private partnerships, and how? 
  
Environmental Justice / Children’s Health / Elderly  
(EPA-HQ-OA-2011-0168) 
 
• Which regulations have exacerbated existing impacts or created new impacts on vulnerable 


populations such as low-income or minority populations, children, or the elderly?  Which 
ones and how? What suggestions do you have for how the Agency could change the 
regulations?  What data support this? 


 
• Which regulations have failed to protect vulnerable populations (minority or low-income, 


children or elderly) and why?   
 
• Which regulations could be streamlined, modified, tightened, or expanded to mitigate or 


prevent impacts to vulnerable populations (minority or low-income, children or elderly)?  
What suggestions do you have for changing the regulations?  What data support this?  


 
Integration and Innovation  
(EPA-HQ-OA-2011-0161) 
 
• Which regulations could achieve the intended environmental results using less costly 


methods, technology, or innovative techniques?  How could the regulations be changed? 
What data support this? 
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• Which regulations could be improved by harmonizing requirements across programs or 
agencies to better meet the regulatory objectives?  What suggestions do you have for how the 
Agency can better harmonize these requirements? 


 
• Which regulations have requirements that are overlapping and could be streamlined or 


eliminated?  What suggestions do you have for how the Agency could modify the 
regulations? Be specific about how burden can be reduced from gained efficiencies related to 
streamlining the requirements. 


 
• What opportunities exist for the Agency to explore alternatives to existing regulations?  How 


can these alternatives be designed to ensure that environmental objectives are still met?  
 
Least Burdensome / Flexible Approaches 
(EPA-HQ-OA-2011-0165) 
 
• Which regulations have proven to be excessively burdensome? What data support this? How 


many facilities are affected?  What suggestions do you have for reducing the burden and 
maintaining environmental protection? 


 
• Which regulations impose paperwork activities (reporting, recordkeeping, or 3rd party 


notifications) that would benefit from online reporting or electronic recordkeeping?   Tell us 
whether regulated entities have flexibility in providing the required 3rd party disclosure or 
notification.  What data support this? What suggestions do you have for how the Agency 
could change the regulation? 


 
• Which regulations could be made more flexible within the existing legal framework? What 


data support this? What suggestions do you have for how the Agency could change the 
regulations to be more flexible? 


 
Science / Obsolete / Technology Outdated 
(EPA-HQ-OA-2011-0162) 
 
• Which regulations could be modified because the underlying scientific data has changed 


since the regulation was issued, and the change supports revision to the original regulation?  
What data support this? What suggestions do you have for changing the regulations? 


 
• Which regulations have achieved their original objective and have now become unnecessary 


or obsolete?  What data support this?  What suggestions do you have for how the Agency 
could modify, streamline, expand, or repeal the regulation? 


 
• Have circumstances surrounding any regulations changed significantly such that the 


regulation’s requirements should be reconsidered?  Which regulations? What data support 
this? What suggestions can you provide the Agency about how these regulations could be 
changed? 
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• Which regulations or reporting requirements have become outdated?  How can they be 
modernized to accomplish their regulatory objectives better?  What data support this? What 
suggestions do you have for how the Agency could change the regulations? 


 
• Which regulations have new technologies that can be leveraged to modify, streamline, 


expand, or repeal existing requirements? What data support this? What suggestions do you 
have for how the Agency could change these regulations?  


 
Small Business 
(EPA-HQ-OA-2011-0164) 
 
• Which regulations have large impacts on small businesses?  How could these regulations be 


changed to reduce the impact while maintaining environmental protection?  Are there 
flexible approaches that might help reduce these impacts?  Which of these regulations have 
high costs and low benefits?  What data support this? 


 
• Are there any regulations where flexible approaches for small businesses have proven 


successful and could serve as a model?  Where else and how could these approaches be 
utilized?  


 
State, Local and Tribal Governments 
(EPA-HQ-OA-2011-0163) 
 
• Which regulations impose burden on state, local or tribal governments?  How could these 


regulations be changed to reduce the burden without compromising environmental 
protection?   


 
• What opportunities are there within existing regulations to better partner with state, local 


and/or tribal governments?  If so, do you have suggestions for how to better utilize those 
opportunities? 


 





		Cover Page

		Table of Contents

		1 Overview

		1.1 A 21st century approach to environmental protection

		1.2 A more efficient approach to regulation

		1.3 Conduct of reviews



		2 Regulations We Plan to Review

		2.1 Early actions

		2.2 Longer term actions



		3 Public Involvement and Agency Input for this Plan

		3.1 Public involvement in developing this Plan

		3.2 Agency input into this Plan



		4 EPA’s Plan for Future Periodic Regulatory Reviews

		4.1 Management and oversight of the Plan

		4.2 Process for conducting retrospective reviews

		4.3 Criteria for regulatory reviews

		4.4 Public involvement in future review periods

		4.5 Reporting on each review period

		4.6 Frequency of review periods



		5 Evaluation of the First Review Period

		6 Contact Information

		Appendix: Questions offered during the public commentperiod to help the public formulate their comments

		General Questions

		Questions Specific to an Issue or Impact








 


 


 
 
 
 
 


Human and Ecological 
Risk Assessment of 


Coal Combustion Wastes 
 
 


Draft 
 
 
 


Prepared for: 
 


 U.S. Environmental Protection Agency 
Office of Solid Waste 


Research Triangle Park, NC 27709 
 
 
 


Prepared by: 
 


RTI 
P.O. Box 12194 


Research Triangle Park, NC 27709 
 
 
 
 


 August 6, 2007 







 


 







Human and Ecological Risk Assessment of Coal Combustion Wastes 


Draft EPA document. Do not cite or quote. 


 
 
 
 


Human and Ecological 
Risk Assessment of  


Coal Combustion Wastes 
 
 
 
 
 
 
 
 
 


 
Prepared for: 


 
U.S. Environmental Protection Agency 


Office of Solid Waste 
Research Triangle Park, NC 27709 


 
 
 
 


Prepared by: 
 


RTI 
P.O. Box 12194 


Research Triangle Park, NC 27709 
 


 
 
 
 


 August 6, 2007 







Human and Ecological Risk Assessment of Coal Combustion Wastes 


Draft EPA document. Do not cite or quote. 


 


[This page intentionally left blank.] 







Human and Ecological Risk Assessment of Coal Combustion Wastes Table of Contents 


Draft EPA document. Do not cite or quote. iii 


Table of Contents 
Section Page 
Executive Summary ...................................................................................................................ES-1 


1.0 Introduction...................................................................................................................... 1-1 
1.1 Background.......................................................................................................... 1-1 
1.2 Purpose and Scope of the Risk Assessment......................................................... 1-2 
1.3 Overview of Risk Assessment Methodology....................................................... 1-2 


1.3.1 Waste Management Scenarios ................................................................. 1-5 
1.3.2 Approach.................................................................................................. 1-5 


1.4 Document Organization ....................................................................................... 1-6 


2.0 Problem Formulation ....................................................................................................... 2-1 
2.1 Source Characterization ....................................................................................... 2-1 


2.1.1 Identification of Waste Types, Constituents, and Exposure 
Pathways .................................................................................................. 2-2 


2.1.2 Waste Management Scenarios ................................................................. 2-5 
2.2 Conceptual Model................................................................................................ 2-8 


2.2.1 Conceptual Site Model............................................................................. 2-8 
2.2.2 Conceptual Site Layouts ........................................................................ 2-10 


2.3 Analysis Scope and Design................................................................................ 2-13 
2.3.1  Data Collection ...................................................................................... 2-14 
2.3.2  Model Implementation........................................................................... 2-15 
2.3.3 Exposure Assessment............................................................................. 2-16 
2.3.4 Risk Estimation...................................................................................... 2-17 


3.0 Analysis............................................................................................................................ 3-1 
3.1 General Modeling Approach................................................................................ 3-2 


3.1.1 Temporal and Spatial Framework............................................................ 3-2 
3.1.2 Probabilistic Approach............................................................................. 3-4 
3.1.3 Implementation of Probabilistic Approach.............................................. 3-6 


3.2 Landfill Model ..................................................................................................... 3-8 
3.2.1 Conceptual Model.................................................................................... 3-9 
3.2.2 Modeling Approach and Assumptions................................................... 3-10 
3.2.3 Landfill Model Input Parameters ........................................................... 3-13 
3.2.4 Model Outputs ....................................................................................... 3-15 


3.3  Surface Impoundment Model ............................................................................ 3-15 
3.3.1 Conceptual Model.................................................................................. 3-15 
3.3.2 Modeling Approach and Assumptions................................................... 3-17 
3.3.3 Surface Impoundment Model Input Parameters .................................... 3-18 
3.3.4 Surface Impoundment Model Outputs................................................... 3-20 


3.4 Groundwater Model ........................................................................................... 3-21 
3.4.1 Conceptual Model.................................................................................. 3-21 
3.4.2 Modeling Approach and Assumptions................................................... 3-22 
3.4.3 Model Inputs and Receptor Locations ................................................... 3-23 
3.4.4 Groundwater Model Outputs ................................................................. 3-25 







Human and Ecological Risk Assessment of Coal Combustion Wastes Table of Contents 


Draft EPA document. Do not cite or quote. iv 


3.5 Surface Water Models........................................................................................ 3-25 
3.5.1  Equilibrium Partitioning Model............................................................. 3-25 
3.5.2 Aquatic Food Web Model...................................................................... 3-27 
3.5.3  Aluminum Precipitation Model ............................................................. 3-28 


3.6 Human Exposure Assessment............................................................................ 3-29 
3.6.1 Receptors and Exposure Pathways ........................................................ 3-29 
3.6.2 Exposure Factors.................................................................................... 3-30 
3.6.3 Dose Estimates....................................................................................... 3-32 


3.7 Toxicity Assessment .......................................................................................... 3-33 
3.7.1 Human Health Benchmarks ................................................................... 3-34 
3.7.2 Ecological Benchmarks ......................................................................... 3-35 


3.8 Risk Estimation.................................................................................................. 3-38 
3.8.1 Human Health Risk Estimation ............................................................. 3-38 
3.8.2  Ecological Risk Estimation.................................................................... 3-40 


4.0 Risk Characterization....................................................................................................... 4-1 
4.1  Human Health Risks ............................................................................................ 4-2 


4.1.1  Groundwater-to-Drinking-Water Pathway .............................................. 4-2 
4.1.2 Groundwater-to-Surface-Water (Fish Consumption) Pathway ............... 4-8 
4.1.3 Results by Waste Type/WMU Scenario ................................................ 4-10 
4.1.4 Results by Unit Type ............................................................................. 4-16 
4.1.5 Constituents Not Modeled in the Full-Scale Assessment ...................... 4-18 


4.2  Ecological Risks................................................................................................. 4-20 
4.2.1 Surface Water Receptors........................................................................ 4-20 
4.2.2 Sediment Receptors ............................................................................... 4-21 
4.2.3 Constituents Not Modeled in the Full-Scale Assessment ...................... 4-22 


4.3 Sensitivity Analysis ........................................................................................... 4-24 
4.4 Variability and Uncertainty................................................................................ 4-25 


4.4.1 Scenario Uncertainty.............................................................................. 4-26 
4.4.2 Model Uncertainty ................................................................................. 4-28 
4.4.3 Parameter Uncertainty and Variability .................................................. 4-30 


4.5 Summary and Conclusions ................................................................................ 4-38 


5.0 References........................................................................................................................ 5-1 


Appendix A Constituent Data.................................................................................................. A-1 
Appendix B Waste Management Units ....................................................................................B-1 
Appendix C Site Data...............................................................................................................C-1 
Appendix D MINTEQA2 Nonlinear Sorption Isotherms........................................................ D-1 
Appendix E Surface Water, Fish Concentration, and Contaminant Intake Equations.............E-1 
Appendix F Human Exposure..................................................................................................F-1 
Appendix G Human Health Benchmarks ................................................................................ G-1 
Appendix H Ecological Benchmarks ...................................................................................... H-1 







Human and Ecological Risk Assessment of Coal Combustion Wastes Table of Contents 


Draft EPA document. Do not cite or quote. v 


List of Figures 
Figure Page 


1-1. Overview of coal combustion waste risk assessment. ..................................................... 1-4 
2-1.  Conceptual site model of CCW risk assessment.............................................................. 2-9 
2-2.  Conceptual site layout for residential groundwater ingestion scenario. ........................ 2-11 
2-3.  Conceptual site layout for residential fisher and aquatic ecological risk scenario. ....... 2-12 
3-1. Overview of the Monte Carlo approach........................................................................... 3-4 
3-2. Monte Carlo looping structure. ........................................................................................ 3-5 
3-3. Process used to construct the Monte Carlo input database. ............................................. 3-7 
3-4. Conceptualization of a landfill in the landfill source-term model. .................................. 3-9 
3-5. Schematic cross-section view of surface impoundment. ............................................... 3-16 
3-6. Conceptual model of the groundwater modeling scenario. ........................................... 3-21 
3-7. Schematic plan view showing contaminant plume and receptor well location. ............ 3-24 
4-1.  Full-scale 90th percentile risk results for the groundwater-to-drinking-water 


pathway. ........................................................................................................................... 4-5 
4-2.  Full-scale 50th percentile risk results for the groundwater-to-drinking-water 


pathway. ........................................................................................................................... 4-6 
4-3.  Comparison of peak arrival times for arsenic for CCW landfills and surface 


impoundments.................................................................................................................. 4-8 
4-4.  Comparison of risk results for arsenic III and arsenic V (based on results for all 


units combined).............................................................................................................. 4-30 
4-5.  Comparison of CCW leachate data with other leachate data......................................... 4-32 
4-6.  CCW mercury concentrations compared with other leachate data. ............................... 4-35 
 


List of Tables 
Table Page 


1-1.  Liner Prevalence in EPRI and DOE Surveys................................................................... 1-2 
2-1.  Waste Streams in CCW Constituent Database ................................................................ 2-3 
2-2.  Toxicity Assessment of CCW Constituents..................................................................... 2-4 
2-3.  Screening Analysis Results: Selection and Prioritization  of CCW Constituents for 


Further Analysis............................................................................................................... 2-6 
2-4.  Coal Combustion Plants with Onsite CCW WMUs Modeled in the Full-Scale 


Assessment....................................................................................................................... 2-8 
2-5.  Receptors and Exposure Pathways Addressed in the Full-Scale CCW Assessment ..... 2-16 
3-1. CCW Waste Management Scenarios Modeled in Full-Scale Assessment ...................... 3-6 
3-2. Leak Detection System Flow Rate Data Used to Develop Landfill Composite 


Liner Infiltration Rates................................................................................................... 3-12 
3-3. Crosswalk Between EPRI and CCW Source Model Liner Types ................................. 3-14 
3-4. Sediment/Water Partition Coefficients: Empirical Distributions .................................. 3-26 
3-5. Bioconcentration Factors for Fish.................................................................................. 3-27 
3-6. Aluminum Solubility as a Function of Waterbody pH .................................................. 3-28 







Human and Ecological Risk Assessment of Coal Combustion Wastes Table of Contents 


Draft EPA document. Do not cite or quote. vi 


3-7. Receptors and Exposure Pathways ................................................................................ 3-30 
3-8. Human Exposure Factor Input Parameters and Data Sources ....................................... 3-31 
3-9. Human Health Benchmarks Used in the Full-Scale Analysis ....................................... 3-35 
3-10. Ecological Receptors Assessed by Exposure Route and Medium (Surface Water 


or Sediment)................................................................................................................... 3-36 
3-11. Ecological Risk Criteria Used in the Full-Scale Analysis ............................................. 3-37 
3-12. Risk Endpoints Used for Human Health........................................................................ 3-38 
4-1.  Summary of 90th Percentile Full-Scale CCW Human Risk Results:  Groundwater-


to-Drinking-Water Pathway............................................................................................. 4-3 
4-2.  Summary of 50th Percentile Full-Scale CCW Human Risk Results:  Groundwater-


to-Drinking-Water Pathway............................................................................................. 4-4 
4-3.  Summary of 90th Percentile Full-Scale CCW Human Risk Results:  Groundwater-


to-Surface-Water (Fish Consumption) Pathway.............................................................. 4-9 
4-4.  Summary of 50th Percentile Full-Scale CCW Human Risk Results:  Groundwater-


to-Surface-Water (Fish Consumption) Pathway............................................................ 4-10 
4-5.  90th Percentile Risk Results by CCW Type: Landfills, Groundwater-to-Drinking-


Water Pathway ............................................................................................................... 4-11 
4-6.  50th Percentile Risk Results by CCW Type: Landfills, Groundwater-to-Drinking-


Water Pathway ............................................................................................................... 4-12 
4-7.  90th Percentile Risk Results by CCW Type: Surface Impoundments, 


Groundwater-to-Drinking-Water Pathway .................................................................... 4-13 
4-8.  50th Percentile Risk Results by CCW Type: Surface Impoundments, 


Groundwater-to-Drinking-Water Pathway .................................................................... 4-14 
4-9.  90th Percentile Risk Results for FBC Wastes: Landfills, Groundwater-to-


Drinking-Water Pathway ............................................................................................... 4-15 
4-10.  50th Percentile Risk Results for FBC Wastes: Landfills, Groundwater-to-


Drinking-Water Pathway ............................................................................................... 4-16 
4-11.  Unit Types in EPRI Survey............................................................................................ 4-17 
4-12.  Risk Attenuation Factora Statistics for Modeled Constituents— Groundwater to 


Drinking Water Pathway................................................................................................ 4-19 
4-13.  Summary of Risk Results for Constituents Using Risk Attenuation Factors—


Groundwater-to-Drinking-Water Pathway .................................................................... 4-19 
4-14.  Summary of Full-Scale CCW Ecological Risk Results:  Groundwater-to-Surface-


Water Pathway, Aquatic Receptorsa.............................................................................. 4-21 
4-15.  Summary of Full-Scale CCW Ecological Risk Results:  Groundwater-to-Surface-


Water Pathway, Sediment Receptorsa ........................................................................... 4-22 
4-16.  Risk Attenuation Factora Statistics for Modeled Constituents— Ecological Risk, 


Surface Water Pathway.................................................................................................. 4-23 
4-17.  Summary of Risk Results Using Risk Attenuation Factors— Ecological Risk, 


Surface Water Pathway.................................................................................................. 4-23 
4-18.  Proportion of Nondetect Analyses for Modeled CCW Constituents ............................. 4-34 
 







Executive Summary Human and Ecological Risk Assessment of Coal Combustion Wastes 
 


Draft EPA document. Do not cite or quote. ES-1 


Human and Ecological Risk Assessment of 
Coal Combustion Wastes – Executive Summary 


The U.S. Environmental Protection Agency 
(EPA) is evaluating management options for 
solid wastes from coal combustion (e.g., fly ash, 
bottom ash, slag). As part of this effort, EPA is 
evaluating whether current management 
practices for coal combustion waste (CCW) pose 
risks to human health or ecological receptors. To 
inform this objective, EPA has conducted a 
nationwide assessment of the risks posed by 
CCW disposal practices across the country.  


This report describes the results of the 
tiered, site-based, probabilistic (Monte Carlo) 
risk assessment of onsite CCW disposal 
practices at coal-fired power plants across the 
United States. These landfills and surface 
impoundments represent disposal practices for 
CCW reported in 1995. Although EPA 
acknowledges that management practices for 
CCW have improved since 1995, as documented 
in U.S. Department of Energy (DOE) (2006), 
EPA believes that characterizing risks from 
facilities observed in 1995 provides a snapshot 
of the potential risks from CCW disposal and 
can provide useful information as EPA evaluates 
CCW management options. In addition, the data 
available on these facilities’ locations, 
environmental characteristics, and waste 
management units (WMUs) allow EPA to apply 
a site-based risk assessment approach that the 
agency believes characterizes the risks to human 
health and the environment from disposing 
CCW in landfills and surface impoundments.  


In summary, this CCW risk assessment 
evaluates potential risk results at the 50th and 
90th percentile exposure level, adopting a risk 
criteria of 10-5 for excess cancer risks.  Potential 
noncancer and ecological risks are also 
evaluated at the 50th and 90th percentile levels, 
adopting a hazard quotient (HQ) risk criteria 
greater than 1 for noncancer effects to both 
human and ecological receptors. Overall, when 
all types of landfills and surface impoundments 
(as observed in 1995) are evaluated in aggregate, 
the risk at the 90th percentile exceeds the risk 


criteria for cancer and noncancer risks for 
certain constituents. There is no potential risk 
above the risk criteria (cancer and noncancer) 
found at the 50th percentile. The risk assessment 
also suggests that one of the most sensitive 
parameters in the risk assessment is infiltration 
rate.  Infiltration rate is greatly influenced by 
whether and how a WMU is lined.  


For humans exposed via the groundwater-to-
drinking-water pathway, arsenic in CCW 
landfills poses a 90th percentile cancer risk of 
5x10-4 for unlined units and 2x10-4 for clay-lined 
units. The 50th percentile risks are 1x10-5 
(unlined units) and 3x10-6(clay-lined units). 
Risks are higher for surface impoundments, with 
an arsenic cancer risk of 9x10-3 for unlined units 
and 3x10-3 for clay-lined units at the 90th 
percentile. At the 50th percentile, risks for 
unlined surface impoundments are 3x10-4, and 
clay-lined units show a risk of 9x10-5. Five 
additional constituents have 90th percentile 
noncancer risks above the criteria (HQs ranging 
from greater than 1 to 4) for unlined surface 
impoundments, including boron and cadmium, 
which have been cited in CCW damage cases, 
referenced above. Boron and molybdenum show 
HQs of 2 and 3 for clay-lined surface 
impoundments. None of these noncarcinogens 
show HQs above 1 at the 50th percentile for any 
unit type. 


Composite liners, which are used in the 
majority of new facilities constructed after 1995, 
effectively reduce risks from all pathways and 
constituents below the risk criteria (cancer and 
noncancer) for both landfills and surface 
impoundments1. 


Risks from clay-lined units, as modeled, are 
about one-third to one-half the risks of unlined 


                                                 
1  These results suggest that with the higher prevalence of 


composite liners in new CCW disposal facilities, future 
national risks from onsite CCW disposal are likely to be 
lower than those presented in this risk assessment (which 
is based on 1995 CCW WMUs).  
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units, but are still above the risk criteria used for 
this analysis.  


Arrival times of the peak concentrations at a 
receptor well are much longer for landfills 
(hundreds to thousands of years) than for surface 
impoundments (most less than 100 years). 


For humans exposed via the groundwater-to-
surface-water (fish consumption) pathway, 
selenium (HQ = 2) and arsenic (cancer risk = 
2x10-5) pose risks slightly above the risk criteria 
for unlined surface impoundments at the 90th 
percentile. For both constituents, lined 90th 
percentile risks and all 50th percentile risks are 
below the risk criteria.  No constituents pose 
risks above the risk criteria for landfills at the 
90th or 50th percentile. 


Waste type has little effect on landfill risk 
results, but in surface impoundments, risks are 
up to 1 order of magnitude higher for codisposed 
CCW and coal refuse than for conventional 
CCW.  


The higher risks for surface impoundments 
than landfills are likely due to higher waste 
leachate concentrations, a lower proportion of 
lined units, and the higher hydraulic head from 
the impounded liquid waste. This is consistent 
with damage cases reporting wet handling as a 
factor that can increase risks from CCW 
management. 


For ecological receptors exposed via surface 
water, risks for landfills exceed the risk criteria 
for boron and lead at the 90th percentile, but 
50th percentile risks are well below the risk 
criteria. For surface impoundments, 90th 
percentile risks for several constituents exceed 
the risk criteria, with boron showing the highest 
risks (HQ = 2,000). Only boron exceeds the risk 
criteria at the 50th percentile (HQ = 4). 
Exceedances for boron and selenium are 
consistent with reported ecological damage 
cases, which include impacts to waterbodies 
through the groundwater-to-surface-water 
pathway. 


For ecological receptors exposed via 
sediment, 90th percentile risks for lead, 
arsenic, and cadmium exceeded the risk 


criteria for both landfills and surface 
impoundments because these constituents 
strongly sorb to sediments in the waterbody. 
The 50th percentile risks are generally an 
order of magnitude or more below the risk 
criteria. 


Background 
EPA has conducted risk assessments to 


evaluate the environmental risks from CCW 
management practices,2 including CCW disposal 
in landfills and surface impoundments. Although 
EPA determined (in April 2000) that certain 
CCWs were not subject to hazardous waste 
regulations and therefore would be subject to 
regulation as nonhazardous wastes, EPA did not 
specify regulatory options at that time. This risk 
assessment was conducted to identify and 
quantify human health and ecological risks that 
may be associated with current disposal 
practices for high-volume CCW, including fly 
ash, bottom ash, boiler slag, flue gas 
desulfurization (FGD) sludge, coal refuse waste, 
and wastes from fluidized-bed combustion 
(FBC) units. These risk estimates will help 
inform EPA’s decisions about how to treat 
CCWs under Subtitle D of the Resource 
Conservation and Recovery Act.  


Purpose and Scope of the Risk 
Assessment  


The purpose of this risk assessment is to 
identify potential risks associated with CCW 
constituents, waste types, receptors, and 
exposure pathways, and to provide information 
about those scenarios that EPA can use to 
develop CCW management options.  


The scope of this risk assessment is CCWs 
managed onsite at utility power plants. EPA’s 
Report to Congress: Wastes from the 
Combustion of Fossil Fuels (U.S. EPA, 1999a) 
reports that there are 440 coal-fired utility power 
plants in the United States. Although these 
plants are concentrated in the East, they are 
found in nearly every state, with a broad variety 
of climate, geologic, and land use settings. The 
large volumes of waste generated by these plants 
                                                 
2  Details on EPA’s previous CCW work can be found at 


http://www.epa.gov/epaoswer/other/fossil/ index.htm. 
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are typically managed onsite in landfills and 
surface impoundments. This risk assessment was 
designed to develop national human and 
ecological risk estimates that are representative 
of onsite CCW management settings throughout 
the United States. 


Risk Assessment Methodology 
To estimate the risks posed by the onsite 


management of CCW, this risk assessment 
determined the release of CCW constituents 
from landfills and surface impoundments, 
estimated the concentrations of these 
constituents in environmental media surrounding 
coal-fired utility power plants, and estimated the 
risks that these concentrations pose to human 
and ecological receptors. To evaluate the 
significance of these risks, the risk criteria 
adopted for this assessment are:  


 An estimate of the excess lifetime cancer 
risk for individuals exposed to carcinogenic 
(cancer-causing) contaminants of 1 chance 
in 100,000 (10-5 excess cancer risk)  


 An HQ (the ratio of predicted intake levels 
to safe intake levels) greater than 1 for 
constituents that can produce noncancer 
human health effects  


 An HQ greater than 1 for constituents with 
adverse effects to ecological receptors. 


In support of this risk assessment, EPA 
assembled a constituent database that includes 
leachate and total waste analyses for 41 CCW 
constituents taken from more than 140 CCW 
disposal sites around the country. The CCW risk 
assessment subjected these waste and leachate 
constituent concentrations to a tiered risk 
assessment methodology (Figure ES-1) that 
implemented the following steps to assess the 
human and ecological risk of CCWs: 


 Hazard Identification, which collected 
existing human health and ecological 
benchmarks for the 41 CCW constituents to 
identify the 26 chemicals with benchmarks 
for constituent screening 


 Constituent Screening, which compared 
very conservative estimates of exposure 
concentrations (e.g., whole waste 
concentrations, leachate concentrations) to 
health-based concentration benchmarks to 
quickly and simply eliminate constituents 
and exposure pathways that do not require 
further analysis 


 Full-Scale Analysis, which used a site-
based Monte Carlo analysis to characterize 
at a national level the risks to human health 
and ecological receptors from onsite 
disposal (in landfills and surface 
impoundments) of CCW constituents that 
were not eliminated in the screening 
analysis. 


The screening analysis looked at all 
probable exposure pathways from CCW 
management in landfills and surface 
impoundments and identified 21 CCW 
constituents and 3 exposure scenarios to 
evaluate in the full-scale analysis (Table ES-1). 
Exposure scenarios evaluated for people include 
contaminated groundwater being transported to 
drinking water wells from a CCW landfill or 
surface impoundment, and contaminated 
groundwater discharging into surface water and 
contaminating a nearby stream or lake where 
people catch and eat fish. The full-scale analysis 
also addressed ecological risk in the same 
waterbodies. 


Constituents addressed in the full-scale 
analysis are listed in Table ES-2 along with the 
potential exposure pathways identified for full-
scale modeling in the screening analysis.  
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Figure ES-1. Overview of CCW risk assessment.  
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Table ES-1. Sources, Releases, Exposure Pathways, and Receptors 
Evaluated in the CCW Risk Assessment 


Release 
Mechanism Exposure Pathway Exposure Mechanism Receptor Typea 


Screening 
Result 


Landfills 


Groundwater-to-
drinking-water 


Residential well Resident Full-scale 
analysis 


Leaching 


Groundwater-to-
surface-water 


Stream or lake, uptake by 
fish; contact with water, 
sediments 


Recreational fisher; 
aquatic ecosystems 


Full-scale 
analysis 


Overland transport 
to surface water 


Stream or lake, uptake by 
fish; contact with water, 
sediments 


Recreational fisher; 
aquatic ecosystems 


Below screening 
criteria 


Water erosion 


Overland transport 
to soil 


Soil ingestion; uptake from 
soil by plants, beef, dairy 


Subsistence farmer; 
terrestrial ecosystems 


Below screening 
criteriab 


Soil deposition Soil ingestion; uptake from 
soil by plants, beef, dairy 


Subsistence farmer; 
terrestrial ecosystems 


Below screening 
criteria 


Wind erosion 


Fugitive dust Inhalation Resident Below screening 
criteria 


Surface impoundments 


Groundwater-to-
drinking water 


Residential well Resident Full-scale 
analysis 


Leaching 


Groundwater-to-
surface water 


Stream or lake, uptake by 
fish; contact with water, 
sediments 


Recreational fisher; 
ecological receptors 


Full-scale 
analysis 


a  Human receptor types include adults and children. 
b  Except boron for plant toxicity. Also, damage cases indicate soil risks from selenium to terrestrial amphibians 


(Carlson and Adriano, 1993; Hopkins et al., 2006).  
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Table ES-2. Screening Analysis Results:  
CCW Constituents Selected for Full-Scale Analysisa  


Human Health -  
Drinking Water 


Human Health -  
Surface Waterb 


Ecological Risk - 
Surface Water 


Constituent LF SI LF SI LF SI 


Arsenic • • • • • • 


Boron • •   • • 


Cadmium • • • • •  • 


Lead • •   • • 


Selenium • • • • • • 


Thallium • nd • nd • nd 


Aluminum     • • 


Antimony • nd  nd  nd 


Barium     • • 


Cobalt na • na  na • 


Molybdenum • •     


Nitrate/Nitrite • •     


Chromium • •   • • 


Fluoride • •     


Manganese  •     


Vanadium • •   • • 


Beryllium     •  


Copper     • • 


Nickel  •    • 


Silver     • • 


Zinc     •  


LF = landfill. 
SI = surface impoundment 
nd = nondetect—results are inconclusive because all analyses are nondetects. 
na = not available—data were not available for cobalt in CCW landfill leachate. 
a A mark in a cell indicates that the constituent was above the screening criteria for the indicated pathway and 


WMU type. Blank cells indicate that the constituent was below the screening criteria for a particular 
pathway/WMU combination. Risk screening was based on 90th percentile risk concentrations and no 
attenuation. 


b  Fish consumption pathway. 
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The full-scale analysis was designed to 
characterize waste management scenarios based 
on two waste management options (disposal of 
CCW onsite in landfills and in surface 
impoundments). The risk assessment was also 
used to characterize waste management 
scenarios based on three liner types (unlined 
units, clay-lined units, and composite-lined 
units) and three waste types, as follows:  


 Conventional CCW (ash and FGD sludge), 
which includes fly ash, bottom ash, boiler 
slag, and FGD sludge 


 Codisposed CCWs and coal refuse,3 which 
are more acidic than conventional CCWs 
due to sulfide minerals in the coal refuse 


 FBC wastes, which include fly ash and bed 
ash, and which tend to be more alkaline than 
conventional CCW because of the limestone 
mixed in during fluidized bed combustion.  


These three waste types and the two waste 
management options provide a good 
representation of CCW disposal practices and 
waste chemistry conditions that affect the 
release of CCW constituents from WMUs.4,5  


The full-scale analysis was implemented 
using a site-based probabilistic approach that 
produces a distribution of risks or hazards for 
each receptor by allowing the values of some of 
the parameters in the analysis to vary. This 
approach is ideal for this risk assessment 
because there are many CCW facilities across 
the United States, and a site-based approach can 
capture both the variability in waste 
management practices at these facilities and the 
differences in their environmental settings (e.g., 
hydrogeology, climate, hydrology). This 


                                                 
3  Coal refuse is the waste coal produced from coal 


handling and preparation operations.  
4  Conventional CCW and codisposed CCW and coal 


refuse were modeled in landfills and surface 
impoundments and are the focus of the overall analysis. 
FBC wastes were treated separately because of limited 
data on FBC waste management units. 


5  Although different waste chemistries required the 
separate modeling of conventional CCW and CCW 
codisposed with coal refuse, the results were combined 
in this analysis to give an overall picture of the risks 
from CCW management,   


probabilistic approach was implemented through 
the following steps: 


1. Characterize the CCW constituents and 
waste chemistry, along with the WMUs in 
which each waste stream may be managed 
(i.e., the size and liner status of CCW 
landfills and surface impoundments)  


2. Characterize the environmental settings for 
the sites where CCW landfills and surface 
impoundments are located (i.e., locations of 
coal-fired power plants) 


3. Identify how contaminants are released from 
a WMU (i.e., leaching) and transported to 
human and ecological receptors (i.e., via 
groundwater and surface water) 


4. Predict the fate, transport, and concentration 
of constituents in groundwater and surface 
water once they are released to groundwater 
from the WMUs and travel to receptors at 
each site 


5. Quantify the potential exposure of human 
and ecological receptors to the contaminant 
in the environment 


6. Estimate the potential risk to each receptor 
from the exposure and characterize this risk 
in terms of exposure pathways and health 
effects. 


Based on this approach, we characterized 
the potential risks associated with the waste 
disposal scenarios and exposure pathways, 
including the uncertainties associated with the 
analysis results.  


Results and Conclusions 
Risks from clay-lined units are lower than 


those from unlined units, but 90th percentile 
risks are still well above the risk criteria for 
arsenic and thallium for landfills and arsenic, 
boron, and molybdenum for surface 
impoundments. Composite liners, as modeled in 
this assessment, effectively reduce risks from all 
constituents to below the risk criteria for both 
landfills and surface impoundments. Although it 
is likely that today, most new landfills have 
some type of liner (based on more recent data 
that were not incorporated into this assessment), 
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it is not known how many unlined units continue 
to operate in the United States. 


Recent data from a joint DOE/EPA survey 
suggests that more facilities are lined today than 
were in the 1995 data set on which this risk 
assessment is based. This suggests that the risks 
from CCW may be lower than the results 
presented in this report, although the older, 
unlined WMUs represented in this risk 
assessment may continue to pose potential risks 
to human health and the environment if they are 
closed with wastes in place.  


The CCW risk assessment results at the 
90th percentile suggest that the management of 
CCW in landfills and surface impoundments as 
observed in 1995 for unlined and clay-lined 
units results in risks greater than the risk criteria 
of 10-5 for excess cancer risk to humans or an 
HQ greater than 1 for noncancer effects to both 
human and ecological receptors. Key risk 
findings include the following: 


 90th and 50th percentile risks for composite-
lined units were consistently well below a 
cancer risk of 10-5 and an HQ of 1 for all 
constituents, waste management scenarios, 
and exposure pathways modeled in the 
CCW risk assessment. 


 For humans exposed via the groundwater-to-
drinking-water pathway (see Figures ES-2 
and ES-3), arsenic and thallium show risks 
to human health above the risk criteria for 
unlined and clay-lined CCW landfills. 
Arsenic poses a 90th percentile cancer risk 
of 5x10-4 for unlined units and 2x10-4 for 
clay-lined units; thallium shows a 90th 
percentile HQ above 1 for unlined units 
only. As shown in Figure ES-3, 50th 
percentile results are at or below risk criteria 
for all constituents. 


 Risks are higher for surface impoundments 
for the groundwater-to-drinking-water 
pathway, with a 90th-percentile arsenic 
cancer risk of 9x10-3 for unlined units and 
3x10-3 for clay-lined units. For unlined units, 
5 additional constituents have noncancer 
HQs ranging from 3 to 4 for the 90th 
percentile, including boron, lead, cadmium, 


cobalt, and molybdenum. Two constituents 
(boron and molybdenum) have 90th 
percentile HQs greater than 1 (2 and 3, 
respectively) for clay-lined surface 
impoundments. The 50th percentile results 
are approximately 10-fold greater than the 
10-5 cancer risk level for arsenic in unlined 
(3x10-4) and clay-lined (9x10-5) surface 
impoundments. 


 For humans exposed via the groundwater-to-
surface-water (fish consumption) pathway, 
selenium (HQ = 2) and arsenic (cancer risk 
= 2x10-5) show 90th percentile risks for 
unlined surface impoundments slightly 
above the risk criteria. All other waste 
management scenarios and all 50th percentile 
results show risks at or below the risk 
criteria for the fish consumption pathway. 


 Waste type has little effect on landfill risk 
results, but surface impoundment risks are 
higher for codisposed CCW and coal refuse 
than for conventional CCW.  


 Higher risks for surface impoundments than 
landfills are likely due to a combination of 
higher waste leachate concentrations, a 
higher proportion of unlined units, and a 
higher hydraulic head from impounded 
liquid waste. This is consistent with damage 
cases reporting wet handling as a factor that 
can increase risks from CCW management. 


 For ecological receptors exposed via surface 
water, the 90th percentile risks for landfills 
exceed an HQ of 1 for boron and lead. For 
surface impoundments, risks for the 90th 
percentile for 6 constituents (boron, lead, 
arsenic, selenium, cobalt, and barium) 
exceed an HQ of 1, with boron showing the 
highest risks (HQ over 2,000). The 
exceedances for boron and selenium are 
consistent with reported ecological damage 
cases, which include impacts to waterbodies 
through the groundwater-to-surface-water 
pathway (e.g., Carlson and Adriano, 1993; 
U.S. EPA, 2007). Only boron exceeds the 
ecological risk criterion for surface water at 
the 50th percentile, with an HQ of 4. 
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A cancer risk of 10-5 or an HQ of 1 are the risk criteria for this analysis. 


Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined). 
Note: When the composite liner bar does not appear on the chart, the 90th percentile risk index  


is below the minimum shown on the x-axis. 


Figure ES-2. Full-scale 90th percentile risk results for the 
groundwater-to-drinking-water pathway. 
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A cancer risk of 10-5 or an HQ of 1 are the risk criteria for this analysis.  


Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined). 
Note: When the composite liner bar does not appear on the chart, the 50th percentile risk index  


is below the minimum shown on the x-axis. 


Figure ES-3. Full-scale 50th percentile risk results for the 
groundwater-to-drinking-water pathway. 
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 For ecological receptors exposed via sediment, 
90th percentile risks for lead, arsenic, and 
cadmium exceeded a HQ of 1 for both landfills 
(HQs from 2 to 20) and surface impoundments 
(HQs from 20 to200) probably because these 
constituents strongly sorb to sediments. No 
constituents exceed the ecological risk 
criterion for sediments at the 50th percentile. 


Sensitivity analysis results indicate that for 
more than 75 percent of the scenarios evaluated, 
the risk assessment model was most sensitive to 
parameters related to groundwater flow and 
transport, including WMU infiltration rate, 
leachate concentration, and aquifer hydraulic 
conductivity and gradient. For the groundwater-to-
surface water pathway, another sensitive parameter 
is the flowrate of the waterbody into which the 
contaminated groundwater is discharging. For 
strongly sorbing contaminants (such as lead and 
cadmium), variables related to sorption and travel 
time (adsorption coefficient, depth to groundwater, 
receptor well distance) are also important.  


The multiple uncertainties associated with the 
CCW risk assessment include scenario uncertainty 
(i.e., uncertainty about the environmental setting 
around the plant), uncertainty in human exposure 
factors (such as exposure duration, body weight, 
and intake rates), uncertainty in human and 
ecological toxicity factors and potential cumulative 
risks, and uncertainty in estimates of fate and 
transport of waste constituents in the environment. 
Scenario uncertainty has been minimized by basing 
the risk assessment on conditions around existing 
coal-fired power plants around the United States, 
as observed in 1995. Uncertainty in environmental 
setting parameters has been incorporated into the 
risk assessment by varying these inputs within 
reasonable ranges when the exact value is not 
known. Uncertainty in human exposure factors has 
also been addressed through the use of national 
distributions.  


Some uncertainties not addressed explicitly in 
the risk assessment have been addressed through 
comparisons with other studies and data sources, as 
described below: 


 Appropriateness of CCW leachate data. 
Although porewater data were available and 
used for CCW surface impoundments, 


available data for landfills were mainly 
Toxicity Characteristic Leaching Procedure 
(TCLP) analyses, which may not be 
representative of actual CCW leachate. 
Comparisons with recent (2006) studies of coal 
ash leaching processes show very good 
agreement for arsenic. However, although the 
selenium CCW data are within the range of the 
2006 data, some of the higher concentrations 
in the 2006 data are not represented by the 
TCLP data. This suggests that selenium risks 
may be underestimated, which is consistent 
with selenium as a cause for CCW damage 
cases. 


 Limited CCW leachate data. Because of a 
high proportion of nondetect values6 and a 
limited number of measurements, mercury 
could not be addressed in the CCW risk 
assessment for landfills or surface 
impoundments, and antimony and thallium 
could not be assessed in surface 
impoundments. Mercury levels in leachate 
were measured in EPA’s 2006 leaching study 
and suggest a limited concern for mercury for 
the CCW leachates investigated, but additional 
work is needed to extend these results to all 
CCW disposal facilities. 


 Clean Air Interstate Rule (CAIR) and Clean 
Air Mercury Rule (CAMR) impacts. While 
CAIR and CAMR will reduce air emissions of 
mercury and other metals from coal-fired 
power plants, mercury and other more volatile 
metals will be transferred from the flue gas to 
fly ash and other air pollution control residues, 
including the sludge from wet scrubbers. EPA 
is conducting research on how much total 
mercury will increase in CCW from the use of 
mercury controls, as well as how the 
leachability of mercury and other metals will 
be impacted. Preliminary results suggest that 
the impacts on mercury leaching will depend 
on the mercury control process.  


 Arsenic speciation. The current model does 
not speciate metals during subsurface 


                                                 
6  Nondetect values are measurements where the 


concentration of a constituent is below the level that the 
analytical instrument can detect. The actual level could 
range from zero to just below the detection limit. 
Nondetects for constituents other than mercury were 
modeled at one-half the detection limit for this risk analysis.  
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transport. Damage cases and other studies 
suggest that arsenic readily converts from 
arsenic III in CCW leachate to the less mobile 
arsenic V in soil and groundwater. However, 
model runs conducted for both species suggest 
that the difference in risk between the two 
species is only about a factor of 2 at the 90th 
percentile risk level, which is not enough to 
bring arsenic risks below the risk criteria.  


Uncertainties that EPA does not have enough 
data at this time to evaluate with respect to CCW 
risk results include the following: 


 Well distance. Nearest well distances were 
taken from a survey of municipal solid waste 
(MSW) landfills because data were not 
available from CCW sites. EPA believes that 
this is a protective assumption because MSW 
landfills generally tend to be in more populated 
areas, but there are little data available to test 
this hypothesis. 


 Liner performance. Liner design and 
performance for CCW WMUs were based on 
data and assumptions EPA developed to be 
appropriate for municipal and nonhazardous 
industrial waste landfills. EPA believes that 
CCW landfills should have similar 
performance characteristics, but does not have 
quantitative data on CCW WMU liners to 
verify that. 


 Data gaps for ecological receptors. Data 
were insufficient to develop screening levels 


and quantitative risk estimates for terrestrial 
amphibians, but EPA acknowledges that 
damage cases indicate risk to terrestrial 
amphibians through exposure to selenium 
(e.g., Hopkins et al., 2006). 


 Ecosystems and receptors at risk. Certain 
critical assessment endpoints were not 
evaluated in this analysis, including impacts on 
managed lands, critical habitats, and threatened 
and endangered species. These would be 
addressed through more site-specific studies on 
the proximity of these areas and species to 
CCW disposal units. 


 Synergistic and additive risk. The impact of 
exposures to multiple contaminants on human 
and ecological risks was not evaluated in this 
analysis. EPA recognizes that a single-
constituent analysis may underestimate risks 
associated with multiple chemical exposures. 
The risk assessment also does not add risks 
across pathways (i.e., risks from drinking 
water and fish consumption), but EPA does not 
think that doing so would change the results 
markedly because the constituents of concern 
differ between pathways. 


EPA recognizes that uncertainties in mercury 
levels in CCW leachate, both with and without the 
CAIR/CAMR mercury controls, represent a 
potentially significant gap in our knowledge of 
CCW risks. 
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1.0 Introduction 


1.1 Background 


The U.S. Environmental Protection Agency (EPA) has evaluated the human health and 
environmental risks associated with coal combustion waste (CCW) management practices, 
including disposal in landfills and surface impoundments. In May 2000, EPA determined that 
regulation as hazardous wastes under Subtitle C of the Resource Conservation and Recovery Act 
(RCRA) was not warranted for certain CCWs, but that regulation as nonhazardous wastes under 
RCRA Subtitle D was appropriate. However, EPA did not specify regulatory options at that time. 
This risk assessment was designed and implemented to help EPA identify and quantify human 
health and ecological risks that may be associated with current management practices for high-
volume CCWs. These wastes are fly ash, bottom ash, boiler slag, and flue gas desulfurization 
(FGD) sludge, along with wastes from fluidized-bed combustion (FBC) units and CCWs 
codisposed with coal refuse. This risk assessment will help EPA develop CCW management 
options for these high-volume waste streams. Details on EPA’s CCW work to date can be found 
at http://www.epa.gov/epaoswer/other/fossil/index.htm. 


Note that the full-scale risk assessment described in this report was mostly conducted in 
2003, meaning that the data collection efforts to support the risk assessment were based on the 
best information available to EPA at that time. As a result, more recent Agency efforts to 
characterize CCW wastes and management practices, such as the joint EPA and U.S. Department 
of Energy (DOE) survey of CCW waste management units (WMUs) (U.S. DOE, 2006) and 
EPA’s recent study of CCW chemistries and leaching behavior (U.S. EPA, 2006), were not 
considered in the main analysis phase of this risk assessment. However, these more recent efforts 
are discussed as part of the risk characterization, and EPA is currently evaluating how to best 
incorporate and address the results and findings of these studies in future efforts to address CCW 
management practices.   


The Agency is making the risk analysis document available in the Docket1 to allow 
interested parties to submit comments on the analytical methodology, data, and assumptions used 
in the analysis and to submit additional information for the Agency to consider. In addition, the 
risk assessment will undergo independent scientific peer review by experts outside EPA 
following closure of the public comment period.  Public comments will be made available to the 
peer reviewers for their consideration during the review process. The peer review will focus on 
technical aspects of the analysis, including the construction and implementation of the Monte 
Carlo analysis, the selection of models to estimate the release of constituents found in CCW from 
landfills and surface impoundments and their subsequent fate and transport in the environment, 
and the characterization of risks resulting from potential exposures to human and ecological 
receptors. As appropriate, EPA will update this analysis based on both public and peer-review 
comments. 


                                                 
1  Available at http:www.regulations.gov; docket number EPA-HQ-RCRA-2006-0796. 
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1.2 Purpose and Scope of the Risk Assessment  


The purpose of this risk assessment is to identify CCW constituents, waste types, 
exposure pathways, and receptors that may produce risks to human and ecological health, and to 
provide information about those scenarios that EPA can use to develop management options for 
CCW management.  


The scope of this risk assessment is utility CCWs managed onsite at utility power plants. 
EPA’s Report to Congress: Wastes from the Combustion of Fossil Fuels (U.S. EPA, 1999a) 
reports that there are 440 coal-fired utility power plants in the United States. Although these 
plants are concentrated in the East, they are found in nearly every state, with facility settings 
ranging from urban to rural. The large volumes of waste generated by these plants are typically 
managed onsite in landfills and surface impoundments. This risk assessment was designed to 
develop national human and ecological risk estimates that are representative of onsite CCW 
management settings throughout the United States. 


1.3 Overview of Risk Assessment Methodology 


To estimate the risks posed by the onsite management of CCW, this risk assessment 
estimated the release of CCW constituents from landfills and surface impoundments, the 
concentrations of these constituents in environmental media surrounding coal-fired utility power 
plants, and the risks that these concentrations pose to human and ecological receptors. 


The size, design, and locations of the onsite CCW landfills and surface impoundments 
modeled in this risk assessment are based on data from a national survey of utility CCW disposal 
conducted by the Electric Power Research Institute (EPRI) in 1995 (EPRI, 1997).  Data from this 
survey on facility area, volume, and liner characteristics were used in the CCW risk assessment 
because they were the most recent and complete data set available at the time the risk assessment 
was conducted (2003).  However, as shown in Table 1-1, the EPA/DOE study conducted since 
then (U.S. DOE, 2006) shows a much higher proportion of lined facilities than do the 1995 EPRI 
data. 


Table 1-1. Liner Prevalence in EPRI and DOE Surveys 


Liner Type Landfills 
Surface 


Impoundments 
1995 EPRI Surveya – 181 facilities  
Unlined 40% 68% 
Lined (compacted clay or composite 
[clay and synthetic]) 60% 32% 


2004 DOE Surveyb – 56 Facilities 
Unlined 3% 0% 
Lined (compacted clay or composite 
[clay and synthetic]) 97% 100% 
a  EPRI (1997) 
b  U.S. DOE (2006) 
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The releases, and hence media concentrations and risk estimates, are based on leaching to 
groundwater, wind and water erosion, and overland transport. This analysis does not address 
direct releases to surface water, which are permitted under the National Pollutant Discharge 
Elimination System (NPDES) of the Clean Water Act. Thus, the estimated media concentrations 
and risks do not take into account contributions from NPDES-permitted releases, including 
discharges due to flooding or heavy rainfall. 


To evaluate the significance of the estimated risks, the risk criteria adopted for this 
assessment are  


 An estimate of the excess lifetime cancer risk for individuals exposed to carcinogenic 
(cancer-causing) contaminants of 1 chance in 100,000 (10-5 excess cancer risk)2  


 A measure of safe intake levels to predicted intake levels, a hazard quotient (HQ) 
greater than 1 for constituents that can produce noncancer human health effects (an 
HQ of 1 is defined as the ratio of a potential exposure to a constituent to the highest 
exposure level at which no adverse health effects are likely to occur) 


 An HQ greater than 1 for constituents with adverse effects to ecological receptors. 


In 1998, EPA conducted a risk assessment for fossil fuel combustion wastes (which 
include CCWs) to support the May 2000 RCRA regulatory determination (U.S. EPA, 1998a,b). 
Since then, EPA has added to the waste constituent database that was used in that effort, 
expanding the number of leachate and total waste analyses for 41 CCW constituents. The CCW 
risk assessment subjected these waste and leachate constituent concentrations to the tiered risk 
assessment methodology illustrated in Figure 1-1. This methodology implemented the following 
steps to assess the human and ecological risk of CCWs: 


 Hazard Identification, which collected existing human health and ecological 
benchmarks for the CCW constituents. Only constituents with benchmarks move on 
to the next step, constituent screening. 


 Constituent Screening, which compared very conservative estimates of exposure 
concentrations (e.g., whole waste concentrations, leaching concentrations) to health-
based concentration benchmarks to quickly and simply identify constituents and 
exposure pathways with risks below the screening criteria.  


 Full-Scale Analysis, which characterized at a national level the human health and 
ecological risks for constituents in CCW disposed onsite in landfills and surface 
impoundments using a site-based Monte Carlo risk analysis. 


This document focuses on the full-scale Monte Carlo analysis. Constituent screening results are 
also presented as part of the problem formulation discussion, along with a summary of the 
screening methodology.3  


                                                 
2  The typical cancer risk range used by the Office of Solid Waste and Emergency Response is 10-4 to 10-6. In 


hazardous waste listings, the point of departure for listing a waste is 10-5. 
3  Details on the CCW constituent screening analysis can be found in U.S. EPA (2002a). 
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Figure 1-1. Overview of coal combustion waste risk assessment.  
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1.3.1 Waste Management Scenarios 


The full-scale analysis was designed to characterize waste management scenarios based 
on two waste management options (disposal of CCW onsite in landfills and in surface 
impoundments) and three waste types, as follows:  


 Conventional CCW, which includes fly ash, bottom ash, boiler slag, and FGD 
sludge 


 Codisposed CCWs and coal refuse,4 which are more acidic than conventional 
CCWs due to sulfide minerals in the mill rejects 


 FBC wastes, which include fly ash and the fluidized bed ash, and which tend to be 
more alkaline than conventional CCW because of the limestone mixed in during 
fluidized bed combustion.  


Conventional CCW and codisposed CCW and coal refuse are typically disposed of in 
landfills and surface impoundments that can be lined with clay or composite liners. FBC wastes 
are only disposed of in landfills in the United States; therefore, surface impoundment disposal 
was not modeled for FBC waste. 


These three waste types, two waste management options, and three liner conditions 
(unlined, clay-lined, composite-lined) modeled in this analysis provide a good representation of 
CCW disposal practices and waste chemistry conditions that affect the release of CCW 
constituents from WMUs. 


1.3.2 Approach 


The full-scale analysis was implemented using a site-based probabilistic approach that 
produces a distribution of risks or hazard for each receptor by allowing the values of some of the 
parameters in the analysis to vary. This approach is ideal for this risk assessment because there 
are many CCW facilities across the United States, and a site-based approach can capture both the 
variability in waste management practices at these facilities and the differences in their 
environmental settings (e.g., hydrogeology, climate, hydrology). This probabilistic approach was 
implemented through seven primary steps: 


Problem Formulation 


1. Characterize the CCW constituents and waste chemistry, along with the size and liner 
status of the WMUs in which each waste stream may be managed  


2. Characterize the environmental settings for the sites where CCW landfills and surface 
impoundments are located 


                                                 
4  Coal refuse is the waste coal produced from coal handling, crushing, and sizing operations, and tends to have a 


high sulfur content and low pH from high amounts of sulfide minerals (like pyrite). In the CCW constituent 
database, codisposed coal refuse includes “combined ash and coal gob,” “combined ash and coal refuse,” and 
“combined bottom ash and pyrites.” 
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3. Identify scenarios under which contaminants are released from a WMU and 
transported to a human receptor 


Analysis 


4. Predict the fate and transport of constituents in the environment once they are 
released from the WMUs at each site 


5. Quantify the exposure of human and ecological receptors to the contaminant in the 
environment and the risk associated with this exposure 


Risk Characterization 


6. Estimate the risk to receptors from the exposure and characterize this risk in terms of 
exposure pathways, health effects, and uncertainties 


7. Identify the waste disposal scenarios and environmental conditions that pose risks to 
human health or the environment that are above the risk criteria. Evaluate risks at the 
50th and 90th percentiles. 


1.4 Document Organization 


This document is organized into the following sections: 


 Section 2, Problem Formulation, describes how the framework for the full-scale 
analysis was developed, including identification of the waste constituents, exposure 
pathways, and receptors of concern; selection and characterization of waste 
management practices and sites to model; and development of the conceptual site 
models for the modeling effort.  


 Section 3, Analysis, describes the probabilistic modeling framework and the models 
and methods used to (1) estimate constituent releases from CCW landfills and surface 
impoundments (source models), (2) model constituent concentrations in the 
environmental media of concern (groundwater and surface water), (3) calculate 
exposure, and (4) estimate risk to human and ecological receptors.  


 Section 4, Risk Characterization, characterizes the human health and environmental 
risks posed by CCW, including (1) discussion of the methods used to account for 
variability and uncertainty and (2) identification of the scenarios and conditions that 
result in risks above the risk criteria. Results are presented as national estimates for 
CCW landfills and CCW surface impoundments, as well as by waste type and liner 
status. For risk exceedances, this section identifies the CCW constituents and 
pathways that exceed the risk criteria, along with any factors (such as liners or facility 
environmental setting) that might result in higher or lower risk levels. Finally, the risk 
characterization evaluates the risk results in light of more recent research on CCW 
waste management practices and the environmental behavior of CCW constituents.  
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The first three appendices provide detailed information on how wastes, WMUs, and 
settings were characterized for the risk assessment. Appendix A describes the chemical 
characteristics of the wastes disposed in the WMUs, including the CCW leachate concentration 
distributions used. Appendix B describes how EPA characterized the WMUs (landfills and 
surface impoundments), including surface area, capacities, geometry, and liner status. Appendix 
C presents the methodologies and data used to characterize the environmental setting at each 
CCW site, including delineating the site layout and determining the environmental setting (e.g., 
meteorology, climate, soils, aquifers, and waterbodies).  


The remaining appendices provide detailed information on the specific models and data 
used to calculate risk, including the nonlinear sorption isotherms (Appendix D), the surface 
water fate and transport and intake equations (Appendix E), the exposure factors (Appendix F), 
and benchmarks for human health (Appendix G) and ecological risk (Appendix H). 
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2.0 Problem Formulation 
The full-scale CCW risk assessment is intended to evaluate, at a national level, risk to 


individuals who live near WMUs used for CCW disposal. This section describes how the 
conceptual framework for the full-scale risk assessment was developed, including  


 Constituent selection and screening to identify the CCW constituents, exposure 
pathways, and receptors to address in this analysis (Section 2.1.1) 


 Location and characterization of the CCW landfills and surface impoundments to be 
modeled as the sources of CCW contaminants in the site-based analysis 
(Section 2.1.2) 


 The conceptual site model used to represent CCW disposal facilities (Section 2.2) 


 The general modeling approach and scope (Section 2.3), including data collection, 
fate and transport modeling to estimate exposure point concentrations, exposure 
assessment, and the calculation of risks to human and environmental receptors.  


2.1 Source Characterization  


The main technical aspects of the CCW risk assessment were completed in 2003, and the 
waste management scenarios modeled in this assessment are based on the best data on industry 
operations and waste management practices that were available at that time. These data sources 
include a 1995 industry survey on CCW management practices (the EPRI comanagement survey 
[EPRI, 1997]) and data collected from a variety of sources before the 2003 risk assessment (e.g., 
EPA’s CCW constituent database). Since 2003, DOE and EPA have completed a survey to 
characterize CCW waste disposal practices from 1994 to 2004, with a focus on new facilities or 
facility expansions completed within that same time frame (U.S. DOE, 2006).  Although these 
newer data were not available when this risk assessment was conducted, they are discussed in the 
risk characterization (Section 4) as an uncertainty with respect to how well the risk assessment 
represents current WMU liner conditions.  


This risk assessment provides a national characterization of waste management scenarios 
for wastes generated by coal-fired utility power plants. The sources modeled in these scenarios 
are onsite landfills and surface impoundments, which are the primary means by which CCW is 
managed in the United States. The characterization of these sources, in terms of their physical 
dimensions, operating parameters, location, environmental settings, and waste characteristics, is 
fundamental to the construction of scenarios for modeling. This section describes how the coal 
combustion waste streams and management practices were characterized (based on the above 
data sources) and screened to develop the waste disposal scenarios modeled in the full-scale 
analysis.  
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2.1.1 Identification of Waste Types, Constituents, and Exposure Pathways  


To identify the CCW constituents and exposure pathways to be addressed in this risk 
assessment, we relied on a database of CCW analyses that EPA had assembled over the past 
several years to characterize whole waste and waste leachate from CCW disposal sites across the 
country (see Appendix A). The 2003 CCW constituent database includes all of the CCW 
characterization data used by EPA in its previous risk assessments, supplemented with additional 
data collected from public comments, data from EPA Regions and state regulatory agencies, 
industry submittals, and literature searches up to 2003.  


The CCW constituent database represents a significant improvement in the quantity and 
scope of waste characterization data available from the 1998 EPA risk assessment of CCWs 
(U.S. EPA, 1998a,b). For example, the constituent data set used for the previous risk assessments 
(U.S. EPA, 1999a) covered approximately 50 CCW generation and/or disposal sites. With the 
addition of the supplemental data, the 2003 CCW constituent database covers approximately 140 
waste disposal sites.1 The 2003 database also has broader coverage of the major ion 
concentrations of CCW leachate (e.g., calcium, sulfate, pH). 


2.1.1.1 Waste Types 


Comments received by EPA on the previous CCW risk assessment pointed out that the 
analysis did not adequately consider the impacts of CCW leachate on the geochemistry and 
mobility of metal constituents in the subsurface. Commenters stated that given the large size of 
the WMUs and the generally alkaline nature of CCW leachate, it is likely that the leachate 
affects the geochemistry of the soil and aquifers underlying CCW disposal facilities, which can 
impact the migration of metals in the subsurface.  


To address this concern, EPA statistically evaluated major ion porewater data from the 
CCW constituent database for the waste streams shown in Table 2-1. Based on this analysis and 
prevalent comanagement practices, EPA grouped the waste streams into three statistically 
distinct categories: conventional CCW (ash and FGD sludge) (moderate to high pH); codisposed 
CCW and coal refuse (low pH); and FBC waste (high pH). As shown in Table 2-1, each of these 
waste types includes several waste streams that are usually codisposed in landfills or surface 
impoundments.  


Along with the type of WMU (landfill or surface impoundment), the three waste types in 
Table 2-1 define the basic modeling scenarios to be addressed in the full-scale analysis. To 
characterize these waste types, the CCW constituent database was queried by waste type to 
develop the waste concentration data for the constituents and the major ion and pH conditions 
used to develop waste-type-specific metal sorption isotherms (see Appendix D for a more 
extensive discussion of the development of CCW waste chemistries and metal sorption 
isotherms). 


                                                 
1  Although EPA believes that the 140 waste disposal sites do represent the national variability in CCW 


characteristics, they are not the same sites as in the EPRI survey.  During full-scale modeling, data from the CCW 
constituent database were assigned to each EPRI site based on the waste types reported in the EPRI survey data.  
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Table 2-1. Waste Streams in CCW Constituent Database  


 Number of Sites by Waste Typea 


Waste Type 
Waste Streams 


Landfill 
Leachate 


Surface 
Impoundment 


Porewater 
Total 


Wasteb 
Conventional CCW  97 13 62 


Ash (not otherwise specified) 43 0 30 
Fly ash 61 2 33 
Bottom ash and slag 24 3 23 
Combined fly and bottom ash 7 4 4 
FGD sludge 4 6 5 


Codisposed Ash & Coal Refuse 9 5 1 
FBC Waste 58 0 54 


Ash (not otherwise specified) 18 0 10 
Fly ash 33 0 32 
Bottom and bed ash 26 0 25 
Combined fly & bottom ash 20 0 22 


a Number of sites by waste type from leachate, porewater, and whole waste data tables 
in the 2003 CCW constituent database. 


b Whole waste concentration data. 


2.1.1.2 Constituents and Pathways 


The CCW constituent database contains data on more than 40 constituents. During the 
hazard identification step of the CCW risk assessment, constituents of potential concern were 
identified from this list of constituents by searching EPA and other established sources for 
human health and ecological benchmarks (e.g., Agency for Toxic Substances and Disease 
Registry [ATSDR]; see U.S. EPA, 2002a, for a full list of sources). Table 2-2 shows the results 
of that search for each constituent. Benchmarks were found for 26 chemicals in the constituent 
database. Constituents without human health or ecological benchmarks were not addressed 
further in the risk analysis.2 


To further narrow down the list of constituents, a screening analysis (U.S. EPA, 2002a) 
was conducted that compared very conservative estimates of exposure concentrations (e.g., 
whole waste concentrations, leaching concentrations) to health-based concentration benchmarks 
to quickly, simply, and safely identify constituents and exposure pathways with risks that clearly 
do not exceed the risk criteria so that these could be eliminated from further analysis. For 
example, leachate concentrations were compared directly to drinking water standards, which is 
equivalent to assuming that human receptors are drinking leachate. The technical background 
document for the CCW screening analysis (U.S. EPA, 2002a) provides further detail on the  


                                                 
2  The CCW constituents without benchmarks are limited to common elements, ions, and compounds (e.g., iron, 


magnesium, phosphate, silicon, sulfate, sulfide, calcium, pH, potassium, sodium, carbon, sulfur) that were used to 
determine overall CCW chemistries modeled in the risk assessment (see Section 3). Although some of these 
chemicals or parameters (e.g., pH, sulfate, phosphate, chloride) can pose an ecological hazard if concentrations 
are high enough, they were not addressed in this risk assessment. 
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Table 2-2. Toxicity Assessment of CCW Constituents  


Constituent CAS ID HHBa EcoBb Constituent CAS ID HHBa EcoBb 
Metals Inorganic Anions 
Aluminum 7429-90-5 U U Chloride 16887-00-6   
Antimony 7440-36-0 U U Cyanide 57-12-5 U  
Arsenic 7440-38-2 Uc U Fluoride 16984-48-8 U  
Barium 7440-39-3 U U Nitrate 14797-55-8 U  
Beryllium 7440-41-7 Ud U Nitrite 14797-65-0 U  
Boron 7440-42-8 U U Phosphate 14265-44-2   
Cadmium 7440-43-9 Ud U Silicon 7631-86-9   
Chromium 7440-47-3 Uc U Sulfate 14808-79-8   
Cobalt 7440-48-4 U U Sulfide 18496-25-8   
Copper 7440-50-8 Ue U Inorganic Cations 
Iron 7439-89-6   Ammonia 7664-41-7 U  
Lead 7439-92-1 Ue U Calcium 7440-70-2   
Magnesium 7439-95-4   pH 12408-02-5   
Manganese 7439-96-5 U  Potassium 7440-09-7   
Mercury 7439-97-6 U U Sodium 7440-23-5   
Molybdenum 7439-98-7 U U Nonmetallic Elements 
Nickel 7440-02-0 U U Carbon 7440-44-0   
Selenium 7782-49-2 U U Sulfur 7704-34-9   
Silver 7440-22-4 U U Measurements 
Strontium 7440-24-6 U  Total Dissolved Solids none   
Thallium 7440-28-0 U U Total Organic Carbon none   
Vanadium 7440-62-2 U U Dissolved Organic Carbon none   
Zinc 7440-66-6 U U     
a  HHB = human health effect benchmark 
b  EcoB = ecological benchmark 
c  Known carcinogen (for chromium VI, inhalation only); although arsenic can act as both a carcinogen and a 


noncarcinogen, the cancer risk exceeds the noncancer risk at any concentration, so we used the more protective 
cancer benchmark for human health throughout this assessment. 


d  Probable carcinogen 
e  Safe Drinking Water Act Action Level only 


screening analysis. As detailed there, the risks for all above-ground pathways analyzed (soil 
ingestion, inhalation, gardening, beef and dairy, and erosion and overland transport) for human 
receptors did not exceed the screening criteria for any constituent, so they were not considered 
any further in the risk assessment. The above-ground pathway risks for ecological receptors also 
did not exceed the screening criteria except for boron and selenium.  Boron, which showed risks 
above the risk criterion in above-ground pathways due to plant toxicity in the CCW screening 
analysis, has been shown to be toxic to plants (Carlson and Adriano, 1993). Selenium has shown 
toxicity to terrestrial amphibians via above-ground pathways (Carlson and Adriano, 1993; 
Hopkins et al., 2006). Because the risks posed by these CCW constituents to ecological 
communities via above-ground pathways is well documented in damage cases and field studies 
(see above references and U.S. EPA, 2007), we did not believe that a full-scale above-ground 
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pathway analysis was necessary to confirm this conclusion for two constituents.  Thus, the full-
scale risk assessment did not include any above-ground pathways, only groundwater pathways. 


The groundwater-to-drinking-water and groundwater-to-surface-water pathways (human 
fish consumption and ecological risks) did show risks above the screening criteria for several 
CCW constituents in the screening analysis. Table 2-3 lists the 21 constituents that had 90th 
percentile screening analysis groundwater pathway risks greater than a cancer risk of 1 in 
100,000 or a noncancer risk with an HQ greater than 1 for human health and 10 for ecological 
risk.3 Note that mercury was not addressed in the screening or full-scale analysis because of a 
very high proportion of nondetects in the CCW constituent database. Similarly, a high number of 
nondetects (or a very low number of measurements) prevented screening or full-scale analysis 
for antimony, thallium, and cobalt in surface impoundments. The uncertainties associated with 
these limited analytical results are discussed in Section 4.4.3.1. 


Resources did not allow full-scale modeling to be conducted for all 21 constituents that 
had 90th percentile risks above the screening criteria.  To reduce the number of constituents to 
be modeled, those constituents were ranked and divided into two groups to focus the full-scale 
analysis on the CCW constituents that were likely to pose relatively higher risks to human and 
ecological receptors. The ranking was based on the magnitude of the HQs and the number of 
HQs exceeding the screening criteria, and was used to select chemicals for full-scale modeling. 
Constituents with at least one human health HQ greater than 6 or with ecological HQs greater 
than 100 for both landfills and surface impoundments were modeled. Arsenic, with cancer risks 
greater than 1 in 1,000, exceeded the cancer risk criterion by a factor of 100 and was also 
modeled in the full-scale analysis. Constituents with no human health HQs greater than 6 and 
only one or no ecological HQs greater than 100 were not modeled, but were addressed in a 
separate analysis using results from the modeled constituents.  


Table 2-3 shows the 21 constituents and which of these constituents exceeded the 
screening criteria and thus were modeled in the full-scale analysis.  As shown, 12 constituents 
were subjected to the full-scale probabilistic risk assessment described in this document. Nine 
constituents did not exceed the screening criteria and were addressed using risk factors 
developed from comparing the screening and full-scale results for the modeled constituents, as 
described in Section 4.1.5 of this document.  


2.1.2 Waste Management Scenarios  


The full-scale CCW risk assessment models landfills and surface impoundments 
managing wastes onsite at coal-fired utility power plants. Because EPA selected a site-based 
modeling approach for the full-scale analysis, it was necessary to locate these disposal sites 
across the country to provide the spatial foundation for this analysis. It was also necessary to 
characterize CCW WMUs to define the scope for source modeling. 


                                                 
3  An HQ of 10 was used for screening ecological risks to account for conservatism of ecological benchmarks and 


exposure estimates used in the screening analysis (see Section 4.4.3.4). 
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Table 2-3. Screening Analysis Results: Selection and Prioritization  
of CCW Constituents for Further Analysisa  


Human Health –  
Drinking Water 


Human Health –  
Surface Waterb 


Ecological Risk - 
Surface Water 


Constituent 


LF HQ 
(Cancer 


Risk) 


SI HQ 
(Cancer 


Risk) 


LF HQ 
(Cancer 


Risk) 


SI HQ 
(Cancer 


Risk) 
LF  
HQ 


SI  
HQ 


Constituents Modeled in Full-scale Assessment 
Carcinogen 
Arsenicc  (1.4x10-3) (1.8x10-2)  (2.2x10-4) (1.7x10-5) 49 640 
Noncarcinogens 
Boron 4.0 28 - - 6,600 47,000 
Cadmium 3.4 8.9 1.4 3.7 20  52 
Lead 16 12 - - 790 590 
Selenium 1.2 2.4 4.7 9.5 35 71 
Thallium 21 19 6.3 5.7 - - 
Aluminum - - - - 120 270 
Antimony 22 5.5 - - - - 
Barium - - - - 400 75 
Cobalt - 11 - - - 270 
Molybdenum 4.2 6.8 - - - - 
Nitrate/ Nitrite - /1.2 60/1.2 - - - - 
Constituents Not Modeled in Full-scale Assessmentd 
Noncarcinogens 
Chromium VI 2.3 4.2 - - 18 33 
Fluoride 1.8 5.2 - - - - 
Manganese 1 5.6 - - - - 
Vanadium 2.2 2.3 - - 23 24 
Beryllium - - - - 24 - 
Copper - - - - 16 31 
Nickel - 1.3 - - - 14 
Silver - - - - 110 14 
Zinc - - - - 16 - 
HQ = screening hazard quotient. 
LF = landfill. 
SI = surface impoundment. 
a A dash in a cell indicates that the screening HQ was less than 1 (or 10 for ecological risk), so the 


risk did not exceed the screening criteria for the indicated pathway. 
b Fish consumption pathway. 
c Although arsenic can act as both a carcinogen and a noncarcinogen, the cancer risk exceeds the 


noncancer risk at any concentration, so we used the more protective cancer benchmark for human 
health throughout this assessment. 


d These constituents were addressed using risk attenuation factors developed from full-scale results 
from modeled constituents (see Section 4.1.5). 
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Two primary sources of data on these were used to characterize this population:  


 1998 Energy Information Agency (EIA) data on coal-fired power plants, which 
identifies approximately 300 coal-fired power plants with onsite waste management 


 The 1995 EPRI waste comanagement survey (EPRI, 1997), which contains detailed 
WMU data (i.e., area, capacity, liner status, and waste type) for 177 of those 
facilities.4  


Because of the completeness of the WMU data from the EPRI survey, the EPRI data were used 
to establish the plant locations and WMU data for the full-scale modeling effort for conventional 
CCW5 and CCW codisposed with coal refuse. 


Although there is a good amount of FBC data in the constituent database (58 sites; see 
Table 2-1), there were only 3 FBC landfill sites in the EPRI database and 4 additional sites added 
by EPA for a total of 7 FBC sites with data on onsite WMUs. Because EPA believes that this 
small sample is not sufficient to represent the universe of FBC disposal units and, if included in 
the overall analysis, could bias the Monte Carlo results towards the environmental conditions 
around these few landfill units, FBC waste were addressed separately from the more 
conventional CCW types in the full-scale analysis and are not included with the conventional 
and codisposal CCW management scenarios in the overall results. Section 4.1.3 compares the 
risk results for each of these waste types, including FBC.   


Table 2-4 shows how the plants are distributed across the waste type/WMU scenarios 
modeled in the full-scale analysis. The distribution across the waste type/WMU scenarios, the 
geographic distribution of these facilities, and the size and liner status of the WMUs were 
assumed to be representative of all onsite CCW landfills and surface impoundments in the 
continental United States as of 1995. As mentioned previously, DOE and EPA have conducted a 
newer survey on CCW disposal facilities (U.S. DOE, 2006), but the scope of this survey was not 
as comprehensive as the EPRI survey (e.g., WMU areas and capacity data were not collected). 
EPA does not believe that the number and locations of onsite CCW landfills and surface 
impoundments has changed significantly since 1995, although liners are more prevalent in the 
newer facilities (see further discussion in Section 4.4.1). The DOE/EPA report (U.S. DOE, 2006) 
supports this conclusion. 


                                                 
4  Note that although there is overlap, the 140-site CCW constituent database described in Appendix A and the 


EPRI survey used to characterize CCW landfills and surface impoundments were assembled under separate 
efforts and represent different populations of disposal sites. As described in Section 3.1.3, these data sets were 
sampled independently during the Monte Carlo analysis, and constituent data were not assigned to particular sites 
except by waste type.  


5  Fly ash, bottom ash, boiler slag, and FGD sludge. 
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Table 2-4. Coal Combustion Plants with Onsite CCW WMUs Modeled in the Full-Scale 
Assessment 


Number of Plants in 1995 EPRI Surveya with Onsite: 


Waste Type and Liner Status Landfills 
Surface 


Impoundments 
Either WMU 


Typeb 
Conventional CCWc  


unlined 
clay-lined 
composite-lined 


71 
38 
28 
10 


38 
24 
10 
5 


103 
60 
38 
15 


Codisposed CCW and coal refuse 
unlined 
clay-lined 
composite-lined 


38 
20 
10 
9 


65 
52 
11 
2 


100 
69 
21 
11 


FBC wasted 
unlined 
clay-lined 
composite-lined 


7 
3 
3 
1 


- 7 
3 
3 
1 


All waste types 108 96 181 
a EPRI (1997); note that some coal combustion plants have one or more onsite WMUs.  
b Number of coal combustion plants with onsite landfill(s), surface impoundment(s), or both. 
c Fly ash, bottom ash, boiler slag, and FGD sludge. 
d Includes 3 EPRI Survey FBC landfills plus 4 additional FBC landfills added by EPA. FBC was  


treated separately in the full-scale assessment because of the small number of FBC sites. 
 


2.2 Conceptual Model  


The waste stream/WMU combinations discussed above provide the waste management 
scenarios to be evaluated in the risk assessment. The full-scale assessment used the EPRI survey 
data to place these scenarios at actual onsite CCW disposal sites across the country. These sites 
were used as the basis for a national-scale site-based Monte Carlo assessment of risks posed by 
the onsite disposal of CCW at utility power plants across the United States.  


2.2.1 Conceptual Site Model 


Figure 2-1 depicts the conceptual site model for CCW disposal that was the basis for the 
national CCW risk assessment, including contaminant sources, exposure pathways, and 
receptors. The CCW conceptual site model includes the following exposure pathways: 


Human Health 


 Groundwater to drinking water (drinking water ingestion) 


 Groundwater to surface water (fish consumption) 


 Above-ground pathways, including soil ingestion, inhalation, and consumption of 
produce, beef, and milk. 
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SOURCE
RELEASE


MECHANISMS MEDIA
EXPOSURE 
SCENARIOS


EXPOSURE
ROUTES RECEPTORS


Erosion & Runoff Soil


Leaching/ Infiltration Groundwater Residence Ingestion of drinking water Resident 


1


Agricultural Field/
Home Garden/ 


Backyard


Terrestrial
Habitat


Surface Water 
Habitat


Ingestion of produce, 
meat, and milk


Contact with soil Soil invertebrate community


Surface Water Ingestion of fish


Inhalation of particulates


Ingestion of soil Resident farmer


Recreational fisher,
piscivorous wildlife


Wind Erosion Air


Note:
 
  1.           Resident, recreational fisher, and resident farmer include adult and four child age groups
  


Ingestion of terrestrial plants, 
soil, and soil invertebrates


Mammals and birds; 
plant community


Contact with water Amphibians, aquatic 
community


Ingestion of aquatic plants
 and invertebrates


Mammals, birds,
aquatic community


Sediment
Contact with sediment Sediment invertebrate 


community


Ingestion of sediment
  invertebrates


Mammals, birds, fish


Surface 
Impoundment


Landfill


Sediment Habitat


Pathways addressed in full 
scale risk modeling


Pathways that screened out of 
bounding risk assessment  


Figure 2-1. Conceptual site model of CCW risk assessment.
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Ecological Risk 


 Groundwater to surface water  


 Above-ground soil 


 Above-ground contamination of surface water and sediment. 


As described in Section 2.1.1, the CCW screening analysis addressed all of these 
exposure pathways and receptors. Through that screening analysis, risks for all above-ground 
pathways (shown in gray instead of black in Figure 2-1) fell below the screening criteria and 
were not considered further in the full-scale risk assessment.6 This enabled EPA to focus full-
scale modeling on groundwater-to-drinking-water and groundwater-to-surface-water exposure 
pathways (shown in black in Figure 2-1). This groundwater pathway analysis evaluates 
exposures through drinking water ingestion and surface water contamination from groundwater 
discharge. For the groundwater-to-surface-water pathway, the analysis assumes that human 
exposure occurs through the consumption of contaminated fish and that ecological exposure 
occurs through direct contact with contaminated surface water and sediment or from the 
consumption of aquatic organisms. 


2.2.2 Conceptual Site Layouts  


This risk assessment was based on site layouts that are conceptual rather than site-
specific. Although we had plant locations and some site-specific data on WMUs, we did not have 
the exact locations of each WMU or the residential wells surrounding each facility. Therefore, 
we had to develop conceptual layouts to place receptors around each WMU.  


The conceptual site layouts capture possible relationships between a WMU and human 
and ecological receptors by locating, with respect to the WMU boundary, the geographic 
features (i.e., receptor wells, waterbodies) that are important for determining human and 
ecological exposures to chemicals released from CCW landfills and surface impoundments. 


Two site layouts were used to model the land use scenarios of most concern for CCW 
disposal facilities: 


 Residential groundwater ingestion scenario 


 Recreational fisher and aquatic ecological risk scenario. 


Figures 2-2 and 2-3 show these two conceptual site layouts, including WMU boundaries, 
waterbodies, and residential wells modeled in this analysis. In the conceptual site layouts, the 
WMU is represented as a square source. The size of the source is determined by the surface area 
of the WMU (CCW WMU areas were collected from the EPRI comanagement survey, as 
described in Appendix B). The WMU is assumed to be located at the property line of the facility 
to which it belongs.  
                                                 
6 Although the risks from the aboveground screening analysis did exceed the risk criteria for  boron and selenium 


in soil, to streamline the assessment, these compounds were not included in the full ecological assessment. 
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Adjacent to the WMU is a buffer area within which there is assumed to be no human 
activity that would present human risk (i.e., there are no residences or waterbodies in the buffer). 
The buffer area lies between the WMU boundary and the residential well or waterbody, and 
represents the distance to well or waterbody discharge point modeled by the groundwater model. 
Each site layout must also be oriented in terms of direction. 


Residential Groundwater-to-Drinking-Water Scenario  


The residential groundwater-to-drinking-water scenario calculates exposure through 
residential use of well water as drinking water. In the Monte Carlo analysis, the receptor well is 
randomly placed up to 1 mile downgradient from the edge of the WMU (this radial well distance 
is labeled Rrw in Figure 2-2), based on a nationwide distribution of nearest downgradient 
residential wells from Subtitle D municipal landfills (U.S. EPA, 1988a; this distribution is 
provided in Appendix C). EPA assumed that this distribution is relevant to onsite CCW landfills 
and surface impoundments at coal-fired utility power plants, but does not have data on typical 
distances (or the distributions of distances) of domestic drinking water wells from CCW disposal 
facilities. (The potential impact on the results of this assumption is discussed in Section 4.4.3.3).  


 
Figure 2-2. Conceptual site layout for residential groundwater ingestion scenario.  


The angle off the contaminant plume centerline (θrw in Figure 2-2) was based on a 
uniform distribution ranging from 0 to 90°. The depth of the well below the water table was set 
within the groundwater model based on assumptions that are generally typical of average 
conditions for surficial aquifers across the United States. These limits are discussed in 
Section 3.4.3. In this assessment, receptors were always located within the lateral extent of the 
plume. 
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The soil and aquifer characteristics needed for the groundwater model were collected 
using a site-based approach, as described in Appendix C.  


Recreational Fisher and Ecological Risk Scenario  


The recreational fisher7 scenario was used to estimate risks to recreational fishers (and 
their children) who live near the CCW landfills and surface impoundments and catch and 
consume fish from a waterbody located adjacent to the buffer. Note that the fisher’s residence is 
not the same residence where the residential well is located, and therefore risks are not added 
across the drinking water and fish consumption pathways.  


The waterbody was assumed to be a stream or lake located downgradient from the WMU, 
beginning where the buffer area ends (see Figure 2-3), and was also used as the most impacted 
aquatic system for the ecological risk assessment. Waterbody characteristics were determined 
based on site-specific, regional, or national data (as described in Appendix C), except for stream 
length, which was determined by the width of the plume as it intersects the waterbody.  


 


Figure 2-3. Conceptual site layout for residential fisher and 
aquatic ecological risk scenario. 


                                                 
7  Only recreational fishers were considered because they represent the reasonable maximum exposed individuals 


and because the streams, lakes, or rivers that are near CCW plants are not likely to be used by commercial fishing 
operations. 
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The downgradient distance to the surface water body was determined from a national 
distribution developed by measuring this distance (using scaled U.S. Geological Survey [USGS] 
maps and aerial photographs obtained from the Terraserver Web site [http://terraserver.usa.com/ 
geographic.aspx]) at 59 CCW landfill and surface impoundment sites randomly selected from a 
larger data set of 204 CCW WMUs, including those modeled in this risk assessment. 
Appendix C presents that distribution and further details on how the distribution was developed 
and the sample of 59 facilities used to develop the distribution. 


2.3 Analysis Scope and Design  


Although the screening analysis identified the potential for risk for a subset of the 
constituents reported in CCW, the conservative assumptions used precluded an accurate 
quantitative estimate of these risks. To gain a better understanding of the risks that may be posed 
by these constituents, EPA conducted a full-scale probabilistic (Monte Carlo) risk assessment to 
estimate the national distribution of the risks to human health and the environment posed by 
CCW disposal, and to provide the information needed to assess future management options for 
these wastes in the context of their risks to human health and the environment. The full-scale 
CCW Monte Carlo risk assessment was designed to characterize the national CCW risk profile in 
terms of WMU type, waste type, and constituent, and to use distributions in a probabilistic 
modeling framework to incorporate variability and uncertainty into the analysis. 


The site-based approach used data about waste management practices and environmental 
conditions at 181 utility CCW disposal sites across the United States.8 These sites were assumed 
to represent the universe of CCW onsite waste disposal sites at the time of the EPRI survey 
(1995) and defined the national framework for the risk assessment. As described in 
Appendices B and C, site-specific data for the following model inputs were collected for these 
sites and used in the risk assessment: 


 WMU dimensions 


 WMU liner status (unlined, clay liner, composite liner) 


 Waste type (conventional CCW, CCW codisposed with coal refuse, and FBC wastes)  


 Geology (aquifer type) 


 Soil texture 


 Climate (precipitation, infiltration) 


 Surface water type and flow conditions. 


One question related to this risk assessment is how CCW facilities may have changed in 
the decade since the 1995 EPRI survey. Although the DOE/EPA survey does not include all of 


                                                 
8  These 181 sites include177 sites from the EPRI survey and 4 additional CCW sites added by EPA to better 


represent FBC waste disposal facilities; see Section 2.1.2. 
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the data needed to conduct a risk assessment (WMU area and capacity data were not collected), 
liner conditions were addressed, and by comparing the DOE/EPA survey results to the EPRI data 
one can assess how liner conditions changed as CCW facilities were built or expanded over the 
past decade. The 56 WMUs surveyed in the U.S. DOE (2006) study were commissioned between 
1994 and 2004. Although the actual number of WMUs that were established in that timeframe 
cannot be verified, based on proxy data (i.e., CCW available for disposal in those states with 
identified new WMUs and coal-fired power plant generating capacity), the sample coverage is 
estimated to be at least between 61 to 63 percent of the total population of the newly 
commissioned WMUs.9 With the exception of one landfill, the newly constructed facilities are 
all lined, with either clay, synthetic, or composite liners. The single unlined landfill identified in 
the recent DOE report receives bottom ash, which is characterized as an inert waste by the state, 
and therefore, a liner is not required. There is a marked trend away from unlined WMUs in favor 
of lined units, with a distinct preference for synthetic or composite liners. Comparison of the 26 
coal combustion plants in both the EPRI survey and the DOE/EPA survey (U.S. DOE, 2006) 
shows that although most of those facilities (17 of 26) were using unlined WMUs in 1995, all 26 
are now placing wastes in new or expanded landfills or surface impoundments that are lined with 
clay, synthetic, or composite liners. However, it is likely that the older unlined units were closed 
with wastes in place, and that these wastes therefore still pose a threat through groundwater 
pathways.  In addition, the available data cannot be used to determine the number of unlined 
units that continue to operate in the United States.  


Because site-specific data were not readily available for depth to groundwater or receptor 
location (i.e., distances to nearest drinking water well and surface waterbody), national 
distributions for those inputs taken from a national hydrogeologic database (Newell et al., 1989 
and 1990) developed to support EPA’s national groundwater risk assessments were used in the 
Monte Carlo analysis to characterize the national variability of receptor distances (see 
Appendix C). This enabled EPA to assess the importance of those variables for the national risk 
distribution for individuals with reasonable maximum exposure to CCW. 


The full-scale assessment was conducted using several modeling components: (1) EPA’s 
Composite Model for Leachate Migration with Transformation Products (EPACMTP; U.S. EPA, 
1997a) groundwater model, (2) a simple steady-state surface water and aquatic food web model, 
and (3) a multipathway exposure and risk modeling system.  


2.3.1  Data Collection  


For the sites representing each WMU and waste type combination selected for analysis, 
the Monte Carlo analysis begins with input files that contain, for each Monte Carlo realization, 
the following site-based variables: 


 WMU area, depth, and capacity 


 WMU liner status 


                                                 
9  For additional details as to how these estimates were derived, the reader is referred to the DOE study, pages S-2 


to S-3 of the Summary Section and Section 3.1.2. 
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 Soil texture (for vadose zone properties and infiltration rates) 


 Soil pH and organic carbon 


 Aquifer type 


 Groundwater temperature 


 Climate center (for infiltration rates) 


 USGS Hydrologic Region (for surface water quality data) 


 Surface water flows. 


CCW constituent data in the CCW constituent database were used as a national empirical 
distribution of the concentrations of the constituents of concern in CCW landfill leachate and 
surface impoundment porewater. Like the WMU database, the CCW constituent data include 
WMU type and waste type, which enabled constituent concentrations to be assigned to the 181 
CCW sites by waste type and WMU type. The CCW constituent database was also used to assign 
(by waste type) the high, medium, and low leachate pH and ionic strength conditions needed to 
select the appropriate subsurface sorption isotherms for each model run (see Appendix D).  


National distributions were used to populate the following variables by model run: 


 Distance to nearest drinking water well 


 Distance to nearest surface waterbody 


 Aquifer depth, thickness, gradient, and hydraulic conductivity (based on site-specific 
hydrogeologic setting) 


 Soil hydrologic properties (based on site-specific soil type). 


The data sources used to develop national distributions for these variables are described in 
Appendix C. Human exposure factors, such as exposure duration and drinking water and fish 
consumption rates, were also based on national distributions, which are provided in Appendix F. 


2.3.2  Model Implementation  


As a first step in the modeling process, the groundwater model (EPACMTP) reads the 
site-based data files to estimate the following for each model run: 


 Drinking water well peak concentration 


 Time to drinking water peak concentration 


 Peak surface water contaminant flux 


 Time to peak surface water contaminant flux. 
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The groundwater model is run until contaminant concentrations at the receptor point return to 
zero after the concentration peak or for the maximum simulation time of 10,000 years, 
whichever comes first. 


Groundwater model results are passed to the multimedia modeling system to estimate 
surface water and sediment concentrations and to calculate human and ecological exposure and 
risk. Additional inputs sent to the model at this stage include 


 Site-based surface waterbody type, dimensions, flows, pH, and total suspended solids 
(TSS) concentration 


 Chemical-specific fish bioconcentration factors (BCFs) 


 Human exposure factors (from national distributions) 


 Human and ecological health benchmarks. 


For human health, the multimedia modeling system calculates risk from drinking water 
ingestion and fish consumption for each realization. For ecological risk, the model uses surface 
water and sediment concentrations along with ecological benchmarks to estimate the risks to 
ecological receptors.  


2.3.3 Exposure Assessment  


Table 2-5 lists the human and ecological receptors considered in the CCW risk 
assessment, along with the specific exposure pathways that apply to each receptor. All of the 
receptors that EPA considered were assumed to live offsite, at a location near the WMU.  


Table 2-5. Receptors and Exposure Pathways Addressed in the 
Full-Scale CCW Assessment  


Receptor 


Ingestion 
of Drinking 


Water 
Fish 


Consumption 


Direct Contact 
with Surface 
Water and 
Sediment 


Ingestion of 
Aquatic 


Organisms 
Human Receptors 
Adult resident U    
Child resident U    
Adult recreational fisher  U   
Child recreational fisher  U   
Ecological Receptors 
Aquatic and sediment organisms   U  
Mammals and birds    U 
 


For human receptors, the exposure assessment estimates the dose to an individual 
receptor by combining modeled CCW constituent concentrations in drinking water or fish with 
intake rates for adult and child receptors. The full-scale CCW risk assessment considered 
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exposures due to chemicals leaching from WMUs and contaminating groundwater. The 
groundwater exposures include drinking water ingestion and consumption of recreationally 
caught contaminated fish from surface waterbodies affected by contaminated groundwater. For 
the groundwater-to-drinking-water pathway, it was conservatively assumed that well water was 
the only source of drinking water (although some households may drink bottled or treated water 
or may drink water outside the home, e.g., at work or at school). 


For ecological receptors, exposure assumptions are incorporated into the development of 
ecological benchmarks (see Appendix H), which are surface water and sediment concentrations 
corresponding to an HQ of 1. 


The time period for the exposure assessment is defined by the peak concentration in the 
media of concern and the exposure duration. For human receptors, annual average media 
concentrations were averaged over the randomly selected exposure duration around the peak 
concentration for each run. To protect against chronic effects to ecological receptors, we 
consider the exposure duration over a significant portion of the receptor’s lifetime, and we 
believe that one year is the appropriate period of time for that. To be protective, we use the 
highest (peak) annual average concentration to estimate ecological exposure and risk.   


2.3.4 Risk Estimation  


Risk was estimated using several risk endpoints as particular measures of human health 
risk or ecological hazard. A risk endpoint is a specific type of risk estimate (e.g., an individual’s 
excess cancer risk) that is used as the metric for a given risk category. The CCW risk assessment 
evaluated cancer and noncancer endpoints for humans and noncancer endpoints for ecological 
receptors. For human risk, the availability of toxicological benchmarks for cancer and noncancer 
effects determined which endpoints were evaluated for each constituent. 


EPA used two risk endpoints to characterize risk for the human receptors and a single 
risk endpoint, total HQ, to characterize risk for ecological receptors. These endpoints are 
discussed in Section 3.8; in addition, uncertainty related to these endpoints is discussed in 
Section 4.4.3.4. 


From the distribution of risks for each risk endpoint generated by the Monte Carlo 
analysis, the 50th and 90th percentile risks were selected and compared to the risk criteria of 1 in 
100,000 excess cancers and an HQ greater than 1 for noncarcinogens. An HQ greater than 1 for 
was also used for the ecological risk criterion in the full-scale risk assessment. 
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3.0 Analysis 
The full-scale analysis evaluates risks from CCWs disposed of in landfills and surface 


impoundments located onsite at coal-fired utility power plants across the United States based 
primarily on data collected in 1995 by EPRI (1997).1 Chemical constituents found in CCW can 
be released from these WMUs into the surrounding environment by various mechanisms. 
Releases to the atmosphere and by erosion and overland transport did not pose risks above the 
screening criteria in the screening analysis; therefore, these were not assessed in the full-scale 
analysis. Instead, the full-scale analysis focused on groundwater pathways, which exceeded the 
risk criteria for some constituents in the screening analysis. Leachate forms in both landfills and 
surface impoundments, migrates from the WMU through soil to groundwater, and is transported 
in groundwater to drinking water wells (groundwater-to-drinking-water pathway) and into 
surface waterbodies near the WMU (groundwater-to-surface-water pathway). These are the 
groundwater pathways evaluated in the full-scale CCW risk assessment.  


For the full-scale analysis, EPA used computer-based models and sets of equations to 
estimate the risk to human health and the environment from current CCW disposal practices.2 
These models include 


 Source models that simulate the release of CCW constituents in leachate from 
landfills and surface impoundments3 


 Fate and transport models that estimate contaminant concentrations in groundwater 
and surface water 


 Exposure models that estimate daily contaminant doses for humans and ecological 
receptors exposed to CCW constituents in groundwater and surface water 


 Risk models that calculate risks to humans and ecological receptors.  


This section describes the models and equations used to calculate exposure point 
concentrations and risk. Section 3.1 provides the overall structure for the analysis, including the 
spatial and temporal framework and the probabilistic (Monte Carlo) framework for the model 
runs. Sections 3.2 and 3.3 describe the landfill and surface impoundment source models used to 
predict environmental releases of constituents from CCW. Sections 3.4 and 3.5 describe the fate 
and transport modeling used to predict contaminant concentrations in groundwater and surface 


                                                 
1  The selection and characterization of these CCW WMUs are described in more detail in Appendix B. 
2  As discussed in Section 2, the 1995 EPRI survey data is assumed to represent current CCW management 


practices. However, new data from a more recent DOE/EPA survey suggest that liners may be more prevalent in 
new and expanded units built since 1994. Section 4 discusses implications of this uncertainty on the risk 
assessment results. 


3  EPA used source-term models integrated into EPACMTP to estimate environmental releases of constituents in 
leachate from landfills and surface impoundments.  
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water. Section 3.6 describes the human exposure calculations. Section 3.7 describes the health 
benchmarks used to develop human and ecological risk estimates, and Section 3.8 describes how 
these risks were calculated for human and ecological receptors. 


Supporting detail can be found in the following appendices: 


 Appendix A, Constituent Data, provides the CCW constituent concentrations used 
and describes how they were collected and processed 


 Appendix B, Waste Management Unit Data, describes the location and 
characteristics of each landfill and surface impoundment modeled and describes how 
the source model input parameter values were collected 


 Appendix C, Site Data, describes how environmental data around each CCW waste 
disposal site were collected to provide inputs for the groundwater and surface water 
modeling 


 Appendix D, MINTEQA2 Nonlinear Sorption Isotherms, describes the 
development and application of the CCW-specific MINTEQ metal sorption isotherms 
used to model fate and transport in soils and groundwater 


 Appendix E, Surface Water, Fish Concentration, and Contaminant Intake 
Equations, documents the algorithms used to calculate surface water concentrations, 
fish concentrations, and drinking water and fish intake rates 


 Appendix F, Human Exposure Factors, documents the human exposure parameters 
and equations 


 Appendix G, Human Health Benchmarks, describes how the human toxicity 
benchmarks were selected and developed 


 Appendix H, Ecological Benchmarks, describes how the ecological toxicity 
benchmarks were selected and developed. 


3.1 General Modeling Approach  


This section describes the framework, general assumptions, and constraints for the 
full-scale probabilistic analysis. Section 3.1.1 describes the temporal and spatial framework. 
Section 3.1.2 describes the probabilistic framework, and Section 3.1.3 describes how the 
assessment was implemented within the probabilistic framework.  


3.1.1 Temporal and Spatial Framework  


The spatial framework for the analysis was determined by the geographic distribution of 
CCW facilities modeled and by the site layout assumed as the conceptual site model for risk 
assessment. As described in Section 2.1.2, the geographic distribution of landfills and surface 
impoundments managing wastes onsite at coal-fired utility power plants was determined from 







Section 3.0 Analysis 
 


Draft EPA document. Do not cite or quote. 3-3 


the 177 sites in the 1995 EPRI survey of the onsite management of CCW (EPRI, 1997). The 
assessment assumes that these 177 sites and their locations are representative of the 
approximately 300 coal-fired power plants identified by EIA data as having onsite waste 
management of conventional CCW and CCW codisposed with coal refuse throughout the United 
States. For FBC wastes, these 177 sites include only 3 FBC landfills. EPA was able to add 4 
additional FBC landfill sites to better represent FBC waste management, for an overall total of 
181 sites in this analysis. 


The conceptual site layouts applied to each of the sites are described and pictured in 
Section 2.2.2. Two site layouts were used to define the relationship between a landfill or surface 
impoundment and (1) a drinking water well (for human risk via the groundwater-to-drinking-
water pathway) and (2) a surface water body (for human and ecological risk via the 
groundwater-to-surface-water pathway). In each case, the receptor point (well or waterbody) was 
assumed to lie within the boundaries of the groundwater contaminant plume. The distance from 
the edge of the WMU to the well or waterbody was varied for each model run based on national 
distributions, with well distance taken from a national distribution for Subtitle D municipal 
landfills (U.S. EPA, 1988a) and distance to surface water taken from a set of measured distances 
for CCW landfills and surface impoundments developed for this assessment. Appendix C 
presents additional details on these distributions. 


The temporal framework was mainly defined by the time of travel from the modeled 
WMU to the well or waterbody, which can be up to one mile away from the edge of the unit, and 
the exposure duration over which risks were calculated. The subsurface migration of some CCW 
constituents (e.g., lead) may be very slow; therefore, it may take a long time for the contaminant 
plume to reach the receptor well or nearest waterbody, and the maximum concentration may not 
occur until a very long time after the WMU ceases operations. This time delay may be on the 
order of thousands of years. To avoid excessive model run time while not missing significant 
risk at the receptor point, the groundwater model was run until the observed groundwater 
concentration of a contaminant at the receptor point dropped below a minimum concentration 
(10-16 mg/L) or until the model had been run for a time period of 10,000 years. The minimum 
concentration used for all fate and transport simulations (10-16 mg/L) is at least a million times 
below any risk- or health-based criteria. 


For the groundwater-to-drinking-water pathway (human health risk), risks were 
calculated based on a maximum time-averaged concentration around the peak concentration at 
each receptor well. The exposure duration (which varies from 1 to 50 years)4 was applied around 
the peak drinking well concentration to obtain the maximum time-averaged concentration. 


For the groundwater-to-surface-water pathway, the groundwater model produces surface 
water contaminant loads (based on groundwater concentration and flow) for a stream that 
penetrates the aquifer. Because the surface water model is a steady-state model, there is no 
temporal component to it and the receptor is exposed to the same concentration over the entire 
exposure duration. For human health risk, the loadings from groundwater to surface water were 
averaged over the exposure duration, bracketing the time of the peak groundwater concentration. 
                                                 
4  Distributions of exposure duration and other exposure variables were obtained from the Exposure Factors 


Handbook (U.S. EPA, 1997c,d,e) 
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The exposure duration for sensitive ecological receptors is generally a year or less; therefore, for 
ecological risk, a single peak annual average surface water concentration was used. 


For all scenarios, if the groundwater model predicted that the maximum groundwater 
concentration had not yet occurred after 10,000 years, the actual groundwater concentration at 
10,000 years was used in the exposure calculations instead of a maximum time-weighted average 
concentration around the peak. 


3.1.2 Probabilistic Approach 


The full-scale analysis evaluates risk in a probabilistic manner and is based on a Monte 
Carlo simulation that produces a distribution of exposures and risks. The general Monte Carlo 
approach is shown in Figure 3-1. The foundation of the Monte Carlo simulation is the source 
data derived from the EPRI survey. These were combined with data from the national CCW 
constituent database to conduct a Monte Carlo simulation of 10,000 iterations per waste 
type/WMU type/constituent combination.  
 


Waste Scenarios


Scenario
(waste type x WMU x constituent)


Sample
(constituent data)


Site
(WMU data)


EPACMTP/SW model


Receptor


Pathway


WMU


Constituents
Isotherms


Randomly located well


10,000


Randomly located waterbody


Child
GW->DW Risk


Adult


10,000
Fish 


Consumption
Risk


Eco Risk
Food chain 


Direct contact


Exposure/Risk


iterations


iterations


Surface water 
concentrations


Receptor well 
concentrations


Child


Adult


 


Figure 3-1. Overview of the Monte Carlo approach. 


The detailed looping structure for the Monte Carlo analysis is shown in Figure 3-2. For 
each waste type/WMU combination, two separate loops are run. The first loop (shown with 
dashed lines in Figure 3-2) prepares a set of input files containing 10,000 sets of WMU and site 
data (as described in Section 3.1.3). The second loop (shown with solid lines in Figure 3-2) uses 
those input files to run 10,000 iterations of the source, fate and transport, exposure, and risk 
models for each constituent.  
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Waste/WMU Scenario Loop


Next Waste/WMU Scenario


Human Receptor Loop


Next Constituent


Constituent Loop [Monte Carlo Loop]


Select 1 Waste type Conventional CCW, Codisposed CCW and coal refuse, FBC)
Select 1 WMU type (landfill, surface impoundment)
Data Preparation Loop:
Select 1 Facility ID (EPRI survey)
Pull data for Facility ID


Select 1 Aquifer Type (empirical distribution)
Select 1 SoilType, with pH, OM (empirical distribution)
Pull WMU data (area, depth, liner type)


Select distributed WMU data (missing depth, DBGS)
Pull Climate Center
Select 1 SampleID from Constituent database (pH table)


Pull leachate pH
Pull national data


Pull waste bulk density (=1.19), fraction CCW (=1), SI duration (=75 yr), SI sludge depth (0.2 m)
Select 1 distance to surface water


Select next Facility ID  


** Call EPACMTP to select soil data (by SoilType), aquifer data (by Aquifer Type), MINTEQA2 master variables, receptor well 
distance and calculate infiltration rate and vadose zone pH


Loop over 4 RecID: (1) adult resident, (2) child resident, (3) adult fisher, (4) fisher's child


Select pathways, exposure factors based on RecID:
Pull benchmarks


** Call Exposure Module to calculate ADD, LADD for each pathway
** Call Risk Module and calculate cancer risk, HQ for each pathway


RunID Loop (10,000 iterations)
Select 1 Facility ID (with data from  data preparation  loop)


Pull surface water type, flow data
Select 1 SampleID from Constituent Database


Pull 1 leachate concentration
Pull (or calculate) 1 corresponding total waste concentration (landfills only)


Pull nationally distributed data from  data preparation loop
Select 1 SW TSS


** Call EPACMTP to calculate drinking water concentration (random and 150m well) and surface water flux 
[output based on exposure durations] 


** Call SW Module to calculate surface water and sediment concentrations
** Call Food Web Module to calculate fish concentration


Next RunID


Next Receptor


Select 1 Constituent (11 priority metals and nitrate/nitrite)


Ecological Risk
Pull ecological benchmarks (CSCLs)
** Calculate SW and sediment HQs


Monte Carlo Loop


Data preparation loop


** indicates model runs
ADD = average daily dose
DBGS = depth below ground surface
HQ = hazard quotient
LADD = lfetime average daily dose


 
Figure 3-2. Monte Carlo looping structure. 
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3.1.3 Implementation of Probabilistic Approach  


Table 3-1 lists the five waste disposal scenarios addressed in the full-scale analysis. FBC 
waste landfills were modeled and treated as a separate scenario in the analysis because of the 
limited number (7) of FBC landfill sites. Each waste disposal scenario modeled in the full-scale 
assessment included unlined, clay-lined, and composite-lined WMUs. Additional detail on these 
scenarios can be found in Section 2-1 and Appendix A.  


Table 3-1. CCW Waste Management Scenarios Modeled in Full-Scale Assessment 


WMU Type Waste Type 
Conventional CCW and CCW Codisposed with Coal Refuse (main analysis) 


Landfill Conventional CCW (fly ash, bottom ash, boiler 
slag, FGD sludge) 


Landfill Codisposed CCW and coal refuse 
Surface impoundment Conventional CCW 
Surface impoundment Codisposed CCW and coal refuse 
FBC Waste (separate analysis) 
Landfill FBC waste (fly ash, bottom ash, bed ash) 


To capture the national variation in waste management practices for the Monte Carlo 
analysis, an input database was created with approximately 10,000 iterations for each of the 
waste type/WMU combinations. This input database provided the source data for 10,000 
iterations of the source modeling and the fate and transport modeling. Figure 3-3 provides an 
overview of the process used to compile these data, which were organized into source data files. 
As shown in Figure 3-3, seven tasks, some parallel and some sequential, were required to 
construct these data files, one file for each waste management scenario. 


Constructing the source data files for use in the probabilistic analysis involved first 
developing a 10,000-record data file for each waste type-WMU scenario. This was accomplished 
by selecting the landfills and surface impoundments from the EPRI survey data that manage each 
type of waste. Within a scenario, a list of the EPRI plants with that WMU type and waste type 
was repeated to produce around 10,000 records. For each record, site-based, regional, and 
national inputs were randomly selected from distributions developed to characterize the regional 
or national variability in these inputs. Each record in the source data files was identified by a 
model run identification number (RunID). 


The EPRI survey provided most of the WMU data needed, including area, capacity, liner 
type, and waste type. Additional data were collected to characterize the height and depth below 
ground surface of typical CCW landfills and surface impoundments (see Appendix B). 


The environmental setting in which waste disposal occurs was characterized based on the 
location of the 181 power plants used in the full-scale analysis. These locations were used to 
characterize climate, soils, aquifers, and surface water bodies at each site as follows (see 
Appendix C for details):  
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Figure 3-3. Process used to construct the Monte Carlo input database. 


 Climatic data, including annual precipitation, temperature, and windspeed, were 
collected by assigning each site to a nearby meteorologic station.  


 Soil and aquifer type were collected within a 5-km radius of each site to account for 
locational uncertainty for the WMUs. 


 Surface water type and flows were collected using a geographic information system 
(GIS) to identify the nearest stream and by matching plants to the Permit Compliance 
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System (PCS) database to get the stream segment for each plant’s NPDES discharge 
point.  


These site-based data were supplemented with regional data on surface water quality and 
with national distributions of receptor distances (i.e., distance to drinking water well and 
distance to nearest surface waterbody). Appendix C describes the site-based approach and data 
sources used for these site-specific, regional, and national-scale data collection efforts. 


The five 10,000-record scenario-specific source data files were then combined with the 
CCW constituent data for each constituent in the appropriate waste type to develop the final 
source data files for each scenario. With 12 constituents modeled for most scenarios, this 
resulted in over 600,000 records in the final input data set.  


3.2 Landfill Model 


Releases from landfills were modeled using a landfill source-term model contained in 
EPACMTP. EPA has used EPACMTP and its predecessor models for almost 20 years to conduct 
groundwater risk assessments in support of regulations for land disposal of hazardous and 
nonhazardous wastes. In that context, EPACMTP has undergone numerous peer reviews, 
including multiple reviews by EPA’s Science Advisory Board (SAB). Each of these reviews has 
supported and approved the use of this model for developing national regulations and guidance, 
including verification that the model and model code are scientifically sound and properly 
executed. Some of the more important reviews include 


 A 1989 review by SAB of the component saturated zone (groundwater) model used in 
EPACMTP 


 A 1993 review by EPA’s Office of Research and Development (ORD) of EPACMTP 
for potential Hazardous Waste Identification Rule applications, which resulted in a 
number of improvements in the computational modules of EPACMTP 


 A 1994 consultation with SAB on the use of EPACMTP for determination of 
dilution-attenuation factors for EPA’s Soil Screening Guidance 


 A 1994 review by expert modelers Dr. Fred Molz (Auburn University) and Mr. Chris 
Neville (SS Papadopoulos & Associates), who verified that the mathematical 
formulation of the model and the code verification testing are scientifically sound 


 The peer-reviewed publication of EPACMTP in the Journal of Contaminant 
Hydrology (Kool et al., 1994) 


 An in-depth review by SAB related to the use of EPACMTP in the proposed/draft 
1995 Hazardous Waste Identification Rule (U.S. EPA, 1995) 


 A 1999 peer review by leading modelers of the implementation of EPACMTP in 
EPA’s multimedia, multiple exposure pathway, multiple receptor risk assessment 
(3MRA) model (U.S. EPA, 1999c) 
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 A 2003 SAB review of the 3MRA implementation of EPACMTP (SAB, 2004). 


An overview and statement of assumptions for the landfill model is presented here, 
followed by a listing of inputs to the landfill source-term model and a brief discussion of the 
output generated by the model. 


3.2.1 Conceptual Model 


The landfill model treats a landfill as a permanent WMU with a rectangular footprint and 
a uniform depth (see Figure 3-4). If only the area is known (which is the case for the CCW 
landfills), the landfill source-term model assumes a square footprint. The model assumes that the 
landfill is filled with waste during the unit’s operational life and that upon closure of the landfill, 
the waste is left in place and a final soil cover is installed.  


 


Figure 3-4. Conceptualization of a landfill in the landfill source-term model. 


Three liner scenarios were modeled: a no-liner (unlined) scenario, a compacted clay liner, 
and a composite liner that combines a high-density polyethylene (HDPE) membrane with either 
geosynthetic or natural clays.  


In the unlined scenario, waste is placed directly on local soils, either on grade or 
excavated to some design depth and without a leachate collection system. After the landfill has 
been filled to capacity, a 2-foot native soil cover (the minimum required by Subtitle D 
regulations) is installed and assumed to support vegetation. 


In the clay liner scenario, waste is placed directly on a 3-foot compacted clay liner, which 
is installed on the local soils, either on grade or excavated to some design depth and without a 
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leachate collection system. After the landfill has been filled to capacity, a 3-foot clay cover is 
installed and covered with 1 foot of loam to support vegetation and drainage. The hydraulic 
conductivity of both the liner and cover clays is assumed to be 1x10-7 cm/sec, the typical design 
specification for compacted clay liners (U.S. EPA, 1988c).  


In the composite liner scenario, wastes are placed on a liner system that consists of a 
60 mil HDPE membrane with either an underlying geosynthetic clay liner or a 3-foot compacted 
clay liner. A leachate collection system is also assumed to exist between the waste and the liner 
system. After the landfill has been filled to capacity, a 3-foot clay cover is assumed to be 
installed and covered with 1 foot of loam to support vegetation and drainage (U.S. EPA, 2002b). 


As described in Section 3.2.3 (and Appendix B), one of these three liner types was 
assigned to each CCW landfill or surface impoundment modeled based on the liner type data 
from the 1995 EPRI Survey (EPRI, 1997). 


3.2.2 Modeling Approach and Assumptions 


The starting point for the landfill source-term model simulation is the time when the 
landfill is closed (i.e., when the unit is filled with CCW).5 As described in detail below, the full-
scale analysis modeled contaminants leaching from CCW into precipitation infiltrating the 
landfill, which exits the landfills as leachate. Contaminant loss in leachate was taken into 
account at closure by subtracting the cumulative amount of contaminant mass loss that occurred 
during the unit’s active life from the amount of contaminant mass present at the time of landfill 
closure. Loss calculations in the landfill source-term model continue after closure until the 
contaminant is depleted from the waste mass in the landfill. This is a conservative assumption, as 
some metal will not leach from the waste mass. 


Infiltration and Leaching  


The average rate at which water percolates through the landfill over time (the long-term 
infiltration rate) drives the leaching process in the landfill, which results from partitioning of the 
constituent from the waste into the infiltrating water. The methodology, assumptions, and data 
used to determine infiltration rates for each CCW liner scenario are consistent with the approach 
used in EPA’s Industrial D guidance, as described in Section 4.3 and Appendix A of the 
EPACMTP Parameter/Data Background Document (U.S. EPA, 2003a) and Section 4.2.2 of the 
Industrial Waste Evaluation Model (IWEM) Technical Background Document (U.S. EPA, 
2002b). EPA developed the IWEM model as part of a guide for managing nonhazardous 
industrial wastes in landfills and surface impoundments (http://www.epa.gov/industrialwaste). 
To help ensure that it was technically sound, the model (including the liner scenarios and 
algorithms used in the CCW risk assessment) was developed with a large stakeholder working 
group, including representatives from industry. The model was also subjected to a peer review in 
1999 (64 FR 54889–54890, October 8, 1999, Peer Reviews Associated With the Guide for 


                                                 
5  The simple landfill model used in this assessment cannot model a landfill as it is being filled prior to closure. 


Although leaching does occur during a landfill’s operating life, risks from these releases are insignificant when 
compared to postclosure releases, given the long time it takes metal-bearing wastes to leach and reach peak 
concentrations in groundwater wells surrounding the landfill. EPA does not believe that the additional risks from 
the preclosure period justify the additional complexity, data, and effort required to model an operating landfill.  
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Industrial Waste Management), and the model was updated and improved in response to those 
comments before its final release in 2003. That update included the addition of a more robust 
liner leakage database to support the existing algorithms for calculating infiltration rates through 
composite liner systems.  


No-Liner (Unlined) Scenario. For the no-liner scenario, infiltration rates were selected 
from a database in EPACMTP that contains 306 infiltration rates already calculated using EPA’s 
Hydrologic Evaluation of Landfill Performance (HELP) water balance model (Schroeder, et al., 
1994a, 1994b). HELP is a product of an interagency agreement between EPA and the U.S. Army 
Corps of Engineers Waterways Experiment Station, and was subjected to the Agency’s peer and 
administrative review. All of the infiltration rates were calculated based on the single typical 
landfill design described in Section 3.2.1, with the only variables that change between HELP 
simulations being the meteorological data associated with 102 nationwide climate centers and 
the type of cover soil applied at closure. Three cover soil categories representing coarse-grained 
soils, medium-grained soils, and fine-grained soils were used. The selection of an infiltration rate 
from the database depends on the type of cover soil selected for the landfill and the assignment 
of the landfill to a HELP climate center. The unlined HELP-derived infiltration rates are 
presented in U.S. EPA (2003a) by climate center. The assignment of HELP climate centers and 
soil categories to each CCW site modeled is described in Appendix C.  


Clay Liner Scenario. The clay liner scenario is very similar to the unlined scenario in that 
previously calculated HELP infiltration rates for a single clay-lined, clay-capped landfill design 
were used. The scenario is based on a typical engineered compacted clay liner that is 3 feet thick 
with a design hydraulic conductivity of 1x10-7 cm/sec. The one difference from the unlined case 
is that the clay liner and cover control the rate of water percolation through the landfill and thus 
infiltration rate does not vary with cover soil (i.e., there is one clay liner infiltration rate per 
climate center). The clay liner HELP-derived infiltration rates are provided in U.S. EPA (2003a). 


Composite Liner Scenario. Composite liner infiltration rates are compiled from monthly 
average leak detection system (LDS) flow rates for industrial landfill cells reported by TetraTech 
(2001). The liner configurations are consistent with the composite liner design assumptions 
presented in Section 3.2.1 and are the same as those assumed for defaults in EPA’s Industrial D 
landfill guidance (U.S. EPA, 2002b). The LDS flow rates were taken from 27 municipal landfill 
cells and used in the IWEM model (U.S. EPA, 2002b). As shown in Table 3-2, these LDS flow 
rates include 22 operating landfill cells and 5 closed landfill cells located in eastern United 
States: 23 in the northeastern region, 1 in the mid-Atlantic region, and 3 in the southeastern 
region. Each of the landfill cells is underlain by a geomembrane/geosynthetic clay liner which 
consists of a high-density polyethylene geomembrane of thickness between 1 and 1.5 mm, 
overlying a 6-mm composite geosynthetic clay layer consisting of two geotextile outer layers 
with a uniform core of bentonite clay to form a hydraulic barrier. Each liner system is underlain 
by an LDS.  


As described in U.S. EPA (2002b), only a subset of the TetraTech (2001) flow rates were 
used to develop the composite liner infiltration rates. LDS flow rates for geomembrane/ 
compacted clay composite-lined landfill cells were not used in the distribution because 
compacted clay liners (including composite geomembrane/compacted clay liners) can release 
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water during consolidation and contribute an unknown amount of water to LDS flow, which 
makes it difficult to determine how much of the LDS flow is due to liner leakage versus clay 
consolidation. Also, LDS flow rates from three geomembrane/geosynthetic clay lined-cells were 
not used. For one cell, postclosure flow rates were very high, and were more than twice as high 
as those recorded during the cell’s operating period. Data were not used for two other cells 
because of inconsistencies with the data for the 27 landfill cells used to develop composite liner 
infiltration rates (U.S. EPA, 2002b). The composite liner infiltration rates were specified as an 
empirically distributed input to the landfill model (see U.S. EPA ,2003a). 


Table 3-2. Leak Detection System Flow Rate Data Used to Develop  
Landfill Composite Liner Infiltration Rates 


Cell ID Status Flow rate (m/y) Location 
G228 Operating 2.1E-04 Mid-Atlantic 
G232 Operating 4.0E-04 Northeast 
G232 Closed 7.3E-05 Northeast 
G233 Operating 0 Northeast 
G233 Closed 0 Northeast 
G234 Operating 7.3E-05 Northeast 
G234 Closed 0 Northeast 
G235 Operating 1.5E-04 Northeast 
G235 Closed 3.7E-05 Northeast 
G236 Operating 3.7E-05 Northeast 
G236 Closed 0 Northeast 
G237 Operating 7.3E-05 Northeast 
G238 Operating 0 Northeast 
G239 Operating 7.3E-05 Northeast 
G240 Operating 0 Northeast 
G241 Operating 0 Northeast 
G242 Operating 0 Northeast 
G243 Operating 0 Northeast 
G244 Operating 0 Northeast 
G245 Operating 0 Northeast 
G246 Operating 0 Northeast 
G247 Operating 0 Northeast 
G248 Operating 0 Northeast 
G249 Operating 7.3E-05 Northeast 
G250 Operating 2.2E-04 Southeast 
G251 Operating 0 Southeast 
G252 Operating 0 Southeast 
Source: U.S. EPA (2002a); original data from TetraTech (2001). 


Source Depletion and Mass Balance 


For this assessment, the landfill source-term model represents releases from landfills as a 
finite source where the mass of a constituent in a landfill is finite and depleted over time by 
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leaching. The landfill source-term model is set as a pulse source, where the leachate 
concentration is constant over a prescribed period of time and then goes to zero when the 
constituent is depleted from the landfill. A pulse source is appropriate for metals and other 
constituents whose sorption behavior is nonlinear. Because all but one (nitrate/nitrite) of the 
constituents addressed in the full-scale analysis are metals, releases from landfills were modeled 
as pulse sources. 


For a pulse source, basic mass balance considerations require leaching from the landfill 
to stop when all of the constituent mass has leached from the landfill. For the constant 
concentration pulse source condition, the pulse duration is given by 


 
SINFILCZERO


CTDENSFRACTDEPTHCWASTETSOURC
×


×××
=  (3-1) 


where 


 TSOURC = Pulse duration (yr) 
 CWASTE = Constituent concentration in the waste (mg/kg) 
 DEPTH = Depth of landfill (m) 
 FRACT = Volume fraction of the landfill occupied by the waste (unitless) 
 CTDENS = Waste density (g/cm3) 
 CZERO = Initial waste leachate concentration (mg/L) 
 SINFIL = Annual areal infiltration rate (m/yr). 


The landfill source-term model uses the above relationship to determine the leaching duration. 
More details regarding the waste concentration and WMU parameters in Equation 3-1 are 
provided below and in Appendices A and B. 


3.2.3 Landfill Model Input Parameters 


Input parameters required by the landfill source-term model are discussed below. 
Additional details on how data for these inputs were collected for the CCW risk assessment are 
provided in Appendix A for leachate and waste concentrations and Appendix B for landfill 
dimensions and characteristics. 


 Landfill Area. The model uses landfill area to determine the area over which 
infiltration rate occurs and, along with landfill depth and waste concentration, to 
calculate the total contaminant mass in the landfill. CCW landfill area data were 
obtained from the EPRI comanagment survey (EPRI, 1997). The landfill was 
assumed to be square.  


 Landfill Depth. Landfill depth is one of several parameters used by the landfill 
source-term model to calculate the contaminant mass in the landfill. For CCW 
landfills, average waste depth was estimated by dividing landfill capacity by landfill 
area. CCW landfill capacity data were taken from the EPRI comanagement survey 
(EPRI, 1997).  
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 Depth Below Grade. The depth of the bottom of the landfill below the surrounding 
ground surface is used, along with depth to groundwater, to determine the thickness 
of the unsaturated zone. For CCW landfills, depth below grade was determined from 
a national distribution based on available measurements from a number of CCW 
landfills (see Appendix B). 


 Waste Fraction. The landfills were assumed to be CCW monofills, which 
corresponds to a waste fraction of 1.0.  


 Waste Density. The average waste bulk density, as disposed, is used to convert waste 
volume to waste mass. The waste bulk density for all CCW waste types was assumed 
to be 1.19 g/cm3 (U.S. EPA, 1998b).  


 Leachate Concentration. The concentration of waste constituents in leachate was 
assumed to be constant until all of the contaminant mass initially present in the 
landfill has leached out, after which the leachate concentration was assumed to be 
zero. The constant value used for leachate concentration is from EPA’s CCW 
Constituent Database, described in Appendix A. 


 Waste Concentration. In the finite-source scenario modeled, the total waste 
concentration is used, along with the waste bulk density and landfill area and depth, 
to determine the total amount of a constituent available for leaching. Measured total 
CCW concentrations were paired with leachate concentrations, as described in 
Appendix A and provided in Attachment A-2. 


 Liner Type. The type of liner is used to determine the infiltration/leaching scenario 
used to calculate leachate flux from the landfill. Table 3-3 shows the crosswalk used 
to assign one of the three liner scenarios to each facility based on the liner data in the 
1995 EPRI survey (EPRI, 1997). Attachment B-2 to Appendix B provides these 
assignments, along with the original EPRI liner type, for each CCW landfill facility 
modeled. One significant uncertainty in these liner assumptions is how representative 
the EPRI survey data are of current conditions at coal combustion facilities.  


Table 3-3. Crosswalk Between EPRI and CCW Source 
Model Liner Types  


EPRI Liner Type 
Model Liner 


Code Description 
Compacted ash 0 no liner 
Compacted clay 1 clay 
Composite clay/membrane 2 composite 
Double 2 composite 
Geosynthetic membrane 2 composite 
None/natural soils 0 no liner 
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3.2.4 Model Outputs 


For each year in the simulation, the landfill source-term model uses the average annual 
leachate concentration and infiltration rate to calculate a constituent flux through the bottom of 
the landfill. This time series is used as an input for the EPACMTP unsaturated zone model. 


3.3  Surface Impoundment Model  


Releases from surface impoundments were modeled using a surface impoundment 
source-term model contained in EPACMTP. An overview and statement of assumptions for the 
surface impoundment model is presented here, followed by a listing of inputs to the surface 
impoundment source-term model and a brief discussion of the output generated by the model. 
The primary differences between the treatment of landfills and surface impoundments are (1) the 
integration of the surface impoundment source term into the unsaturated flow solution, and 
(2) clean closure of the impoundment after the operating period is over.  


3.3.1 Conceptual Model 


The surface impoundment model treats a surface impoundment as a temporary WMU 
with a prescribed operational life. Unlike the landfill model, clean closure is assumed; that is, at 
the end of the unit’s operational life, the model assumes that all wastes are removed and there is 
no further release of waste constituents to groundwater. Although this simplifying assumption 
limits the length of potential exposure, and is not consistent with the practice to close CCW 
surface impoundments with these wastes in place, the peak annual leachate concentrations on 
which the CCW risk results are based are not likely to be affected, because they are highest when 
the surface impoundment is in operation.  


Following the unit’s closure, the surface impoundment model assumes that the 
contaminated liquid and sediment in the surface impoundment are replaced by uncontaminated 
liquid and sediment with otherwise identical configurations and properties. The contaminants 
that have migrated to the unsaturated zone during operation continue to migrate towards the 
water table with the same infiltration rate as during operation. By continuing infiltration after the 
wastes are removed, the infiltration through the surface impoundment unit can be modeled as a 
single steady-state flow regime until concentrations in groundwater are no longer affected by 
constituents released from the surface impoundment during its operation.  


The EPACMTP surface impoundment model assumes a square footprint and a constant 
ponding depth during the impoundment’s operational life (Figure 3-5). For an unlined 
impoundment, the model assumes that while the impoundment is in operation, a consolidated 
layer of sediment accumulates at the bottom of the impoundment. The leakage (infiltration) rate 
through the unlined impoundment is a function of the ponding depth in the impoundment and the 
thickness and effective permeability of the consolidated sediment layer at the bottom of the 
impoundment. The rate of leakage is constrained to ensure that there is not a physically 
unrealistic high rate of leakage, which would cause groundwater mounding beneath the unit to 
rise above the ground surface. Underlying the assumption of a constant ponding depth, the 
surface impoundment source-term model assumes that wastewater in the impoundment is 
continually replenished while the impoundment is in operation. It also assumes, from the 
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beginning of the unit’s operation, that the sediment is always in equilibrium with the wastewater 
(i.e., the presence of sediment does not alter the concentration of leachate). Accordingly, the 
surface impoundment source-term model also assumes that the leachate concentration is constant 
during the impoundment operational life. Typically, the leachate concentration is equal to the 
concentration in the wastewater entering the impoundment. 


 


Figure 3-5. Schematic cross-section view of surface impoundment. 


Three liner scenarios were modeled: a no-liner (unlined) scenario, a compacted clay liner, 
and a composite liner.  


In the unlined scenario, wastewater is placed directly on local soils and the depth of water 
is constant over the entire life of the impoundment, pre- and post-closure. As described above, 
sediments accumulate and consolidate at the bottom of the impoundment and migrate into the 
underlying native soils, where they clog pore spaces and provide some barrier to flow. The 
surface impoundment model assumes that the thickness of the consolidated sediments is equal to 
one-half of the total sediment thickness, which is an input to the model. The sediment thickness 
was assumed to be 0.2 m for all simulations. The model also assumes that the thickness of the 
clogged region of native soils is always 0.5 m and has a hydraulic conductivity 10 percent of that 
of the native soil underlying the impoundment.  


In the clay liner scenario, wastewater is placed on a compacted clay liner, which is 
installed on the local soils. The assumptions for an unlined impoundment also apply to the 
compacted clay liner scenario, except that a compacted clay liner filters out the sediments that 
clog the native soils in the unlined case, so the effect of clogging the native materials is not 
included in the calculation of the infiltration rate. The thickness of the compacted clay liner was 
assumed to be 3 feet and the hydraulic conductivity was assumed to be 1x10-7 cm/sec (U.S. EPA, 
1988c).  


In the composite liner scenario, wastewater is placed on a synthetic membrane with an 
underlying geosynthetic or natural compacted clay liner with a hydraulic conductivity of 1x10-7 
cm/sec. The membrane liner was assumed to have a number of pinhole leaks of uniform size 
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(6 mm2). The distribution of leak densities (expressed as number of leaks per hectare) was 
compiled from 26 leak density values reported in TetraTech (2001), the best available data on 
liner leaks. These leak densities are based on liners installed with formal construction quality 
assurance (CQA) programs. The 26 sites with leak density data are mostly located outside the 
United States: 3 in Canada, 7 in France, 14 in the United Kingdom, and 2 in unknown locations; 
we assume that these are representative of U.S. conditions. The WMUs at these sites (8 landfills, 
4 surface impoundments, and 14 of unknown type) are underlain by a layer of geomembrane 
with a thickness varying from 1.14 mm to 3 mm. The majority of the geomembranes (23 of 26) 
are made from HDPE, and the remaining 3 are made from prefabricated bituminous 
geomembrane or polypropylene. One of the sites has a layer of compacted clay liner beneath the 
geomembrane; however, for 25 of the 26 sites, material types below the geomembrane layer are 
not reported. The empirical distribution used in the analysis can be found in IWEM (U.S. EPA, 
2002b), along with a table showing details about the 26 liners used to develop the distribution. 


3.3.2 Modeling Approach and Assumptions  


Figure 3-5 illustrates a compartmentalized surface impoundment with stratified sediment. 
Shown in the figure are the liquid compartment, the sediment compartment (with loose and 
consolidated sediments), and the unsaturated zone (with clogged and unaffected native 
materials). The model assumes that all sediment layer thicknesses remain unchanged throughout 
the life of the unit. 


The EPACMTP surface impoundment model uses the unsaturated zone flow model to 
calculate the infiltration rate out of the bottom of the impoundment. This model is designed to 
simulate steady-state downward flow through an unsaturated (vadose) zone consisting of one or 
more soil layers. Steady-state means that the rate of flow does not change with time. In the case 
of flow out of an unlined surface impoundment, the model simulates flow through a system 
consisting of three layers: a consolidated sediment layer, a clogged soil layer, and a native soil 
layer. 


The native unsaturated soil extends downward to the water table. The steady-state 
infiltration rate out of the surface impoundment is driven by the head gradient between the water 
ponded in the impoundment and the head at the water table. The pressure head at the top of the 
consolidated sediment layer is equal to the water depth in the impoundment plus the thickness of 
the unconsolidated sediment.  


The EPACMTP Technical Background Document (U.S. EPA, 2003c) describes the 
algorithms used in this model to calculate the infiltration rate from surface impoundment units, 
and discusses in detail the maximum allowable infiltration rate based on the groundwater 
mounding condition. This information is summarized here. 


The EPACMTP surface impoundment source-term model calculates infiltration through 
the accumulated sediment at the bottom of an impoundment, accounting for clogging of the 
native soil materials underlying the impoundment, liner conditions, and mounding due to 
infiltration. The modeled infiltration is governed by the depth of liquid in the impoundment and 
the following limiting factors: 
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 Effective hydraulic conductivity and thickness of the consolidated sediment 
layer. As sediment accumulates at the base of the impoundment, the weight of the 
liquid and upper sediments tends to compress (or consolidate) the lower sediments. 
The consolidation process reduces the hydraulic conductivity of the sediment layer, 
and the layer of consolidated sediment will act as a restricting layer for flow out of 
the impoundment. By contrast, the layer of loose, unconsolidated sediment that 
overlies the consolidated sediment layer is assumed not to restrict the flow rate out of 
the unit, so it is not explicitly considered in the surface impoundment flow model. 


 Effective hydraulic conductivity of the clogged native material. As liquids 
infiltrate soil underlying the impoundment, suspended particulate matter accumulates 
in the soil pore spaces, reducing hydraulic conductivity and lowering infiltration 
rates. 


 Effective hydraulic conductivity and thickness of a clay liner. When the surface 
impoundment is underlain by a compacted clay liner, the rate of infiltration is also 
determined by simulating flow through a three-layer system, substituting the 
characteristics of the clay liner for those of the clogged soil layer. 


 Leak rate of a composite liner. For cases where the surface impoundment is 
underlain by a composite liner (a geomembrane underlain by a low permeability liner 
such as a compacted clay liner or a geosynthetic clay liner), the surface impoundment 
source-term model uses a modified equation of Bonaparte et al. (1989) to calculate 
the infiltration rate. The equation uses, among other inputs, the head generated by the 
water and unconsolidated sediments in the unit, a leak density selected from an 
empirical distribution derived from a TetraTech (2001) study of liner leakage, a 
uniform leak size of 6 mm2, and an assumed hydraulic conductivity of 1x10-7 cm/sec 
for the 3 feet of underlying compacted clay material. 


 Limitations on maximum infiltration rate from mounding. If the calculated 
infiltration rate exceeds the rate at which the saturated zone can transport the 
groundwater, the groundwater level will rise into the unsaturated zone. The model 
accounts for groundwater mounding when calculating the infiltration rate from the 
surface impoundment unit and, if necessary, constrains the value to ensure that the 
groundwater mound does not rise to the bottom of the surface impoundment unit. 


3.3.3 Surface Impoundment Model Input Parameters 


Input parameters required by the surface impoundment source-term model are discussed 
below. Additional details on how data for these inputs were collected for the CCW risk 
assessment are provided in Appendix A for waste concentrations and Appendix B for surface 
impoundment dimensions and characteristics. 


 Surface Impoundment Area. The model uses surface impoundment area to 
determine the area over which infiltration occurs. CCW surface impoundment area 
data were obtained from the EPRI comanagement survey (EPRI, 1997). The 
impoundment was assumed to be square. 
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 Areal Infiltration Rate. The surface impoundment leachate infiltration rate (or flux) 
is computed internally by the surface impoundment source-term model, as described 
in Section 3.3.2. 


 Depth Below Grade. The depth of the bottom of the impoundment below the 
surrounding ground surface is used, along with depth to groundwater, to determine 
the thickness of the unsaturated zone beneath the impoundment. For CCW 
impoundments, depth below grade was sampled from an empirical distribution based 
on available measurements from a number of CCW surface impoundments (see 
Appendix B).  


 Operating Depth. The operating (or ponding) depth is the long-term average depth 
of wastewater and sediment in the impoundment, measured from the base of the 
impoundment. For CCW surface impoundments, depth was estimated by dividing 
impoundment capacity by impoundment area. CCW impoundment capacity data were 
taken from the EPRI comanagement survey (EPRI, 1997).  


 Total Thickness of Sediment. By default, EPACMTP models unlined surface 
impoundments with a layer of “sludge” or sediment above the base of the unit. The 
sediment layer is divided into two sublayers: an upper, loose sediment sublayer and a 
lower, consolidated sediment sublayer. The consolidated sediment has a relatively 
low hydraulic conductivity and acts to impede flow. The calculated infiltration rate is 
inversely related to the thickness of the consolidated sediment sublayer. A thinner 
consolidated sediment layer will result in a higher infiltration rate and a greater rate 
of constituent loss from the impoundment. The surface impoundment source-term 
model uses the total sediment thickness as an input parameter and assumes that it 
consists of equal thicknesses of loose and consolidated material. Because data were 
not available on CCW sediment layer thicknesses, the CCW risk assessment used the 
Tier 1 IWEM model assumption: a total (unconsolidated plus consolidated) sediment 
layer thickness of 0.2 meters (U.S. EPA, 2002b). It is not known how representative 
this assumption is with respect to unlined CCW surface impoundments, but it is 
reasonable to assume that a sediment layer would accumulate and restrict flow from 
the bottom of a CCW impoundment. 


 Distance to the Nearest Surface Water Body. The distance to the nearest 
waterbody is used to determine the location of a fully penetrating surface waterbody 
at which groundwater mass and water fluxes will be calculated and reported. The 
distance to the nearest surface waterbody is also used as a surrogate for the distance 
to the nearest point at which the water table elevation is kept at a fixed value. That 
distance is used to calculate the estimated height of groundwater mounding 
underneath the impoundment to ensure that excessively high infiltration rates, which 
may be calculated for deep, unlined impoundments, do not occur. If necessary, the 
model reduces the infiltration rate to ensure the predicted water table does not rise 
above the ground surface. For the CCW sites, distance to surface water was sampled 
from an empirical distribution developed from aerial photo measurements at 59 coal-
fired power plants with onsite landfills or surface impoundments (Appendix C).  
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 Leachate Concentration. The annual average leachate concentration is modeled as a 
constant concentration pulse with a defined duration. For a particular model run, the 
leachate concentration was assumed to be constant during the operation of the unit; 
there is no reduction in leachate concentration until the impoundment ceases 
operation. Leachate concentrations for CCW impoundments were obtained by waste 
type from surface impoundment porewater data from EPA’s CCW Constituent 
Database, as described in Appendix A.  


 Source Leaching Duration. For surface impoundments, the addition and removal of 
waste during the operational life period are more or less balanced, without significant 
net accumulation of waste. In the finite-source implementation used for CCW surface 
impoundments, the duration of the leaching period is assumed to be the same as the 
operational life of the surface impoundment. Based on industry data (see 
Appendix B) for CCW surface impoundments, we used a high-end (90th percentile) 
fixed surface impoundment operating life of 75 years. A high-end value was 
appropriate because CCW surface impoundments are typically closed with waste in 
place, while the surface impoundment source-term model assumes clean closure 
(waste removed). In addition, operating life is not a particularly sensitive parameter in 
this analysis: the difference between the 50th percentile value (40 years) and the 90th 
percentile value used (75 years) is less than a factor of two. 


 Liner Type, Thickness, Hydraulic Conductivity, and Leak Density. The type of 
liner is used to calculate leachate flux from the impoundment. To assign one of the 
three liner scenarios to each facility in the EPRI survey (EPRI, 1997), we used the 
same crosswalk as we used for landfills (see Table 3-2). Attachment B-2 to Appendix 
B provides these assignments, along with the original EPRI liner type, for each CCW 
surface impoundment modeled.  


As with IWEM (U.S. EPA, 2002b), clay liners were assumed to be 3 feet thick and to 
have a constant hydraulic conductivity of 10-7 cm/s, reflecting typical design specifications for 
clay liners. For composite liners, infiltration was assumed to result from defects (pin holes) in 
the geomembrane. The pin holes were assumed to be circular and uniformly sized (6 mm2). The 
leak density was defined as the average number of circular pin holes per square meter and was 
obtained from a study of industrial surface impoundment membrane liner leak rates by Tetra 
Tech (2001). 


3.3.4 Surface Impoundment Model Outputs 


For each year in the simulation, the surface impoundment source-term model uses the 
average annual leachate concentration and calculates an infiltration rate to estimate the 
constituent flux through the bottom of the impoundment. This time series is used as an input for 
the EPACMTP unsaturated zone model. 


3.4 Groundwater Model 


This section describes the methodology and the models that were used to predict the fate 
and transport of chemical constituents in soil and groundwater to determine impacts on drinking 







Section 3.0 Analysis 
 


Draft EPA document. Do not cite or quote. 3-21 


water wells and surface water that is connected to groundwater. The surface water model used to 
address the groundwater-to-surface water pathways is described in Section 3.5.  


3.4.1 Conceptual Model 


The groundwater pathway was modeled to determine the receptor well concentrations 
and contaminant flux to surface water resulting from the release of waste constituents from a 
WMU. The release of a constituent occurs when liquid percolating through the WMU becomes 
leachate as it infiltrates from the bottom of the WMU into the subsurface. For landfills, the liquid 
percolating through the landfill is from water in the waste and precipitation. For surface 
impoundments, the percolating liquid is primarily the wastewater managed in the impoundments.  


Waste constituents dissolved in the leachate are transported through the unsaturated zone 
(the soil layer under the WMU) to the underlying saturated zone (i.e., groundwater). Once in the 
groundwater, contaminants are transported downgradient to a hypothetical receptor well or 
waterbody. For this analysis, the groundwater concentration was evaluated for three receptor 
locations, each at a specified distance from the downgradient edge of the WMU: 


 The intake point of a hypothetical residential drinking water well (the receptor well), 
which is used for the residential drinking water pathway 


 A nearby river, stream, or lake, which is modeled as a fully penetrating surface 
waterbody and is used for the fish ingestion and ecological pathways. 


Figure 3-6 shows the conceptual model of the groundwater fate and transport of contaminant 
releases from a WMU to a downgradient receptor well.  


 
Figure 3-6. Conceptual model of the groundwater modeling scenario. 


3.4.2 Modeling Approach and Assumptions 


The transport of leachate from the WMU through the unsaturated and saturated zones 
was modeled using EPACMTP (U.S. EPA, 1996, 1997a, 2003a, 2003d, 2003d). EPACMTP is a 
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composite model consisting of two coupled modules: (1) a one-dimensional module that 
simulates infiltration and dissolved contaminant transport through unsaturated soils, and (2) a 
3-dimensional saturated zone flow and transport module to model groundwater fate and 
transport. EPACMTP has been used by EPA to make regulatory decisions for wastes managed in 
land disposal units (including landfills and surface impoundments) for a number of solid waste 
and hazardous waste regulatory efforts, and as noted earlier, has undergone extensive peer 
review. EPACMTP simulates the concentration arriving at a specified receptor location (such as 
a well or stream).  


The primary subsurface transport mechanisms modeled by EPACMTP are (1) downward 
(1-dimensional) movement along with infiltrating water flow in the unsaturated zone soils and 
(2) movement and dispersion along with ambient groundwater flow in the saturated zone. 
EPACMTP models soils and aquifer as uniform porous media and does not account for 
preferential pathways such as fractures and macropores or for facilitated transport, which may 
affect migration of strongly sorbing constituents such as metals. 


In the unsaturated zone, flow is gravity driven and prevails in the downward direction. 
Therefore, the flow is modeled in the unsaturated zone as one-dimensional in the vertical 
direction. The model also assumes that transverse (sideways) dispersion (from both mechanical 
and molecular diffusion processes) is negligible in the unsaturated zone because the scale of 
lateral migration due to transverse dispersion is negligible compared with the size of the WMUs. 
This assumption is also environmentally protective because it allows the leading front of the 
contaminant plume to arrive at the water table with greater peak concentration in the case of a 
finite source.  


In the saturated zone, the EPACMTP model assumes that movement of chemicals is 
driven primarily by ambient groundwater flow, which in turn is controlled by a regional 
hydraulic gradient and hydraulic conductivity in the aquifer formation. The model does take into 
account the effects of infiltration through the WMU, as well as regional recharge into the aquifer 
around the WMU. Infiltration through the WMU increases the groundwater flow in all directions 
under and near the WMU and may result in groundwater mounding. This 3-dimensional flow 
pattern enhances the horizontal and vertical spreading of the contaminant plume. The effect of 
recharge (outside the WMU) is to cause a downward (vertical) movement of the contaminant 
plume as it travels along groundwater flow direction. In addition to advective movement with the 
groundwater flow, the model simulates mixing of contaminants with groundwater due to 
hydrodynamic dispersion, which acts along the groundwater flow direction, as well as vertically 
and in the horizontal transverse direction. 


To model sorption of CCW constituents in the unsaturated zone, soil-water partitioning 
coefficients (Kd values) for metal constituents were selected from nonlinear sorption isotherms 
generated from the equilibrium geochemical speciation model MINTEQA2 (U.S. EPA, 2001a). 
Chemicals with low Kd values will have low retardation factors, which means that they will 
move at nearly the same velocity as the groundwater. Chemicals with high Kd values will have 
high retardation factors and may move many times slower than groundwater. As described in 
Appendix D, CCW-specific partition coefficients were developed with MINTEQA2 considering 
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CCW leachate chemistry, including the highly alkaline chemistries that are characteristic of 
some CCWs.  


MINTEQA2 is a product of ORD, and like EPACMTP, has a long history of peer- and 
SAB-review during its development, use, and continued improvement for regulatory support 
over the past two decades. These reviews largely focused on the use of MINTEQA2 to generate 
sorption isotherms for metals for EPACMTP, which is how it was used in the CCW risk 
assessment. Two of the more recent peer reviews include one for application within the 3MRA 
model (U.S. EPA, 1999d) and a review of its use and application to RCRA rulemaking and 
guidance support, including revisions made to the model to support IWEM and the CCW 
rulemaking efforts (U.S. EPA, 2003f). In the latter review, three experts found that the revisions 
made to the MINTEQA2 model were appropriate, but also suggested further improvements in 
how the model addresses environments with highly alkaline leachate (such as CCW sites). As 
explained in Appendix D, these comments were addressed in this application of MINTEQA2 to 
CCW waste transport by the development of sorption isotherms that are specific to geochemical 
conditions encountered in CCW landfills and surface impoundments. 


3.4.3 Model Inputs and Receptor Locations 


EPACMTP requires information about soil and aquifer properties as model inputs. For 
soils, EPACMTP uses soil texture to generate consistent hydrological properties for the 
unsaturated zone model, and soil pH and organic matter to select appropriate sorption 
coefficients to model contaminant sorption in the soil. As described in Appendix C, site-specific 
soil texture, pH, and organic carbon data were collected around each site from the STATSGO 
soils database. Similarly, the hydrogeological setting around each WMU was used to select 
appropriate aquifer conditions from EPACMTP’s Hydrogeologic Database (HGDB; see 
Appendix C).  


Recharge is water percolating through the soil to the aquifer outside the footprint of the 
WMU. The recharge rate is determined by precipitation and soil texture. For the CCW landfills 
and surface impoundments, recharge rates were selected by soil texture and meteorological 
station assignment from a database of HELP model–derived recharge rates for climate stations 
across the country that is included in the EPACMTP input files. Further details about how these 
rates were determined and other options for determining recharge rates outside of the EPACMTP 
model can be found in the EPACMTP Parameters/Data Background Document (U.S. EPA, 
2003a). 


One of the most important inputs for EPACMTP is receptor location, which for this risk 
assessment includes residential drinking water wells and surface water bodies. Figure 3-7 shows 
a schematic of how residential well drinking water intakes were defined in terms of their radial 
downgradient distance from the WMU and the angle off the contaminant plume centerline. The 
shaded areas in Figure 3-7 represent the horizontal extent of the contaminant plume.  
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Figure 3-7. Schematic plan view showing contaminant plume and receptor well location. 


In this analysis, receptor wells were located randomly within the contaminant plume, as 
follows:  


 Because residential well distance data are not available for CCW WMUs, EPA based 
the radial downgradient distance on a nationwide distribution of the nearest 
downgradient residential or municipal wells from a survey of Subtitle D municipal 
solid waste landfills (U.S. EPA, 1988a; see Appendix C). The maximum radial 
distance in this survey was 1 mile. EPA believes that this distribution is protective of 
CCW WMUs, but because information on the actual distance of drinking water wells 
from CCW facilities is very limited, EPA is seeking comments and additional data 
that are relevant to this issue. 


 The angle off the contaminant plume centerline (θrw in Figure 3-7) was based on a 
uniform distribution ranging from zero to ninety degrees.  


 Wells were placed within the lateral extent of the contaminant plume (shaded portion 
in Figure 3-7).  


 The depth of the well intake point was based on a uniform distribution with limits of 
0 (i.e., well at the water table) to 10 meters (or the total saturated aquifer thickness if 
the aquifer is less than 10 meters thick). 


The location of the surface waterbody intercepting groundwater flow was specified for 
each flow and transport simulation. The waterbody was constrained to lie across the contaminant 
plume centerline and its depth was varied uniformly throughout the aquifer thickness or 
throughout the upper 10 m of the aquifer thickness, whichever was less.  


Downgradient distance to the surface waterbody was determined from an empirical 
distribution of distances measured for CCW landfills and surface impoundments (see 
Appendix C), which was randomly sampled to develop the distances used in EPACMTP to 
calculate groundwater concentrations at those distances in the Monte Carlo analysis. 
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3.4.4 Groundwater Model Outputs  


The output of EPACMTP is a prediction of the contaminant concentration arriving at a 
downgradient groundwater receptor location (either a well or a surface water body). Because a 
finite-source scenario was used, the concentration is time-dependent. A maximum time-averaged 
concentration was calculated for each constituent across the exposure duration selected in each 
Monte Carlo iteration. 


3.5 Surface Water Models 


For the groundwater-to-surface-water pathway, chemical contaminants leach out of 
WMUs and into groundwater, and this contaminated groundwater then discharges into a surface 
waterbody through groundwater discharge. Once in the waterbody, the continued fate and 
transport of the contaminants is modeled with a surface water model, which uniformly mixes the 
contaminants in a single stream segment. Surface water flows in and out of the stream segment. 
Surface water flowing into the stream segment is assumed to have zero constituent 
concentration, and surface water flowing out has nonzero constituent concentrations due to the 
groundwater contamination. EPACMTP assumes a fully penetrating stream; therefore, the entire 
groundwater and contaminant flux is passed to the surface water model. To ensure that an 
unrealistic flux of contaminated groundwater does not occur, the groundwater flow into the 
waterbody is compared to the stream flow. If the groundwater flux exceeds the stream flow, it is 
capped at the stream flow and the contaminant flux is reduced using the ratio of the stream flow 
to the incoming groundwater flow (i.e., all of the stream flow is assumed to be from groundwater 
discharge and the total concentration in the stream is equal to the groundwater concentration).  


The waterbody considered in the CCW risk assessment is a river, stream, or lake located 
downgradient of the WMU. As described in Appendix C, the flow characteristics and dimensions 
for this waterbody are determined by site-specific stream flow data, the width of the groundwater 
contaminant plume as it intersects the waterbody, and established relationships between flow and 
stream depth. The stream segment modeled in this assessment is assumed to be homogeneously 
mixed.  


Simple equilibrium partitioning models were used to estimate contaminant concentrations 
in the water column, suspended and bed sediments (see Section 3.5.1), and aquatic organisms 
(see Section 3.5.2). Special modeling provisions for aluminum are described in Section 3.5.3.  


3.5.1  Equilibrium Partitioning Model 


The primary surface water model used to estimate groundwater impacts on waterbodies is 
a simple steady-state equilibrium-partitioning model adapted from models in EPA’s Indirect 
Exposure Methodology (IEM; U.S. EPA, 1998c) and Human Health Risk Assessment Protocol 
(HHRAP; U.S. EPA, 1998d). This model is based on the concept that dissolved and sorbed 
concentrations can be related through equilibrium partitioning coefficients. This model was used 
for all constituents except aluminum, which was modeled based on a solubility approach (see 
Section 3.5.3). Although these models have not been specifically peer reviewed in this 
application, they have been subject to the Agency’s peer review process as part of the 
development of the IEM and HHRAP. 
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The model partitions the total mass of chemical contaminant in the waterbody into four 
compartments: 


 Constituents dissolved in the water column 


 Constituents sorbed onto suspended solids 


 Constituents sorbed onto sediment particles at the bottom of the waterbody  


 Constituents dissolved in porewater in the sediment layer. 


Table 3-4 provides the partitioning coefficients used by the surface water model to estimate 
contaminant partitioning between water and suspended solids in the water column and between 
sediment and porewater in the sediment layer. These distributions were derived from published 
empirical data as described in U.S. EPA (1999b). 


Table 3-4. Sediment/Water Partition Coefficients: Empirical Distributionsa 


Chemical 
Distribution 


Type Minimum Mean Maximum SD 
Aluminum not used     
Antimony log normal 0.6 3.6 4.8 1.8 
Arsenic log normal 1.6 2.4 4.3 0.7 
Barium log normal 0.9 2.5 3.2 0.8 
Boron log normal -0.5 0.8 1.4 0.5 
Cadmium log normal 0.5 3.3 7.3 1.8 
Cobalt log normal 2.2 3.9 5.3 0.8 
Lead  log normal 2.0 4.6 7.0 1.9 
Molybdenum log normal 1.3 2.2 3.2 0.9 
Selenium IV log normal 1.0 3.6 4.0 1.2 
Selenium VI log normal -1.4 0.6 3.0 1.2 
Thallium log normal -0.5 1.3 3.5 1.1 
Total Nitrate Nitrogen constant 0 0 0 0 
Source: U.S. EPA (1999b). 
SD = standard deviation. 
a All values are log values. 


Following calculation of the constituent loading and loss rates, the surface water model 
estimates steady-state, equilibrium waterbody contaminant concentrations in each compartment 
using equations presented in Attachment E-1 to Appendix E. For evaluating risks to human 
health from fish consumption, the model calculates waterbody concentrations using groundwater 
loadings that are explicitly averaged over the exposure period for the each human receptor (i.e., 
adult and child fishers). These average waterbody concentrations are then used to calculate fish 
concentrations as described in Section 3.5.2. Ecological risks were based on waterbody 
concentrations calculated using the peak annual groundwater loading value from EPACMTP. 
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The equilibrium–partitioning model, as implemented, is conservative because there are no loss 
mechanisms (e.g., burial) for any of the constituents.  


3.5.2 Aquatic Food Web Model 


An aquatic food web model was used to estimate the concentration of CCW constituents 
that accumulate in fish. This risk assessment assumes that fish are a food source for a 
recreational fisher. Trophic level three (TL3) and four (TL4) fish6 were considered in this 
analysis because most of the fish that humans eat are T4 fish (e.g., salmon, trout, walleye, bass) 
and medium to large T3 fish (e.g., carp, smelt, perch, catfish, sucker, bullhead, sauger). The 
aquatic food web model has been peer reviewed as part of the 3MRA model development effort 
(see http://www.epa.gov/ epaoswer/hazwaste/id/hwirwste/peer03/aquatic/aqtfooda.pdf). 


The aquatic food web model calculates the concentration in fish from the concentration 
calculated for the waterbody downgradient from the CCW disposal site. The contaminants in the 
water column consist of dissolved constituents and constituents sorbed to suspended solids. For 
all constituents, the contaminant concentrations in fish were calculated from the total waterbody 
concentration (i.e., dissolved plus sorbed to suspended solids) using bioconcentration factors 
(BCFs), which are presented in Table 3-5. The equations used to model fish tissue concentrations 
are provided in Attachment E-2 to Appendix E. 


Table 3-5. Bioconcentration Factors for Fish 


CAS Chemical T3 Value T4 Value Units Reference 
7429-90-5 Aluminum ND ND  L/kg   
7440-36-0 Antimony 0 0 L/kg Barrows et al. (1980) 


22569-72-8 Arsenic (III) 4.0E+00 4.0E+00 L/kg Barrows et al. (1980) 
15584-04-0 Arsenic (V) 4.0E+00 4.0E+00 L/kg Barrows et al. (1980) 


7440-39-3 Barium ND ND L/kg  
7440-42-8 Boron ND ND L/kg  
7440-43-9 Cadmium 2.7E+02 2.7E+02 L/kg Kumada et al. (1972) 
7440-48-4 Cobalt ND ND L/kg   
7439-92-1 Lead 4.6E+01 4.6E+01 L/kg Stephan (1993) 
7439-98-7 Molybdenum 4.0E+00 4.0E+00 L/kg Eisler (1989) 


10026-03-6 Selenium (IV) 4.9E+02 1.7E+03 L/kg Lemly (1985) 
7782-49-2 Selenium (VI) 4.9E+02 1.7E+03 L/kg Lemly (1985) 
7440-28-0 Thallium 3.4E+01 1.3E+02 L/kg T3: Barrows et al. (1980) 


T4: Stephan (1993) 
14797-55-8 Total Nitrate Nitrogen ND ND L/kg  


ND = No Data. Fish concentrations were not calculated for constituents with no BCF data. 
 


                                                 
6  TL3 fish are those that consume invertebrates and plankton; TL4 fish are those that consume other fish. 
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3.5.3  Aluminum Precipitation Model 


A simple precipitation model was used for aluminum in lieu of the equilibrium-
partitioning model, because aluminum is generally solubility limited in natural waters. The 
MINTEQA2 model was used to estimate total soluble aluminum concentrations as a function of 
pH for a typical surface waterbody (Stumm and Morgan, 1996; Drever, 1988). By assuming the 
common aluminum silicate mineral gibbsite was the equilibrium solid phase, the computed 
values of total dissolved aluminum were interpreted as the maximum expected for each pH. If 
more aluminum were added to the system, it would be expected to precipitate as the mineral 
gibbsite for the system to maintain equilibrium. Table 3-6 shows the maximum dissolved 
aluminum concentrations as a function of waterbody pH. 


The precipitation model initially calculates the aluminum concentration in the surface 
water column by assuming that all aluminum in the groundwater flux is dissolved. If this 
concentration exceeds the maximum soluble concentration based on pH, the dissolved 
concentration is capped and the excess aluminum is assumed to precipitate as the mineral 
gibbsite and settle to the benthic sediment layer. The equations used in this model are presented 
in Appendix E. 


Table 3-6. Aluminum Solubility as a Function of Waterbody pHa 


Minimum pH Maximum pH Solubility (mg/L) 
3.5 4.5 26.2 
4.5 5 1.84 
5 5.5 0.196 
5.5 6 0.0112 
6 6.5 0.00143 
6.5 7 0.000662 
7 7.5 0.000915 
7.5 8 0.00229 
8 8.5 0.00682 
8.5 9 0.0212 
9 9.5 0.0666 
9.5 10 0.211 


10 10.5 0.668 
a Computed using MINTEQA2 


Only the water column concentration for aluminum was used in subsequent exposure and 
risk calculations, because there is no available ecological benchmark for aluminum in sediment. 
The water column concentration was used to calculate human exposure via drinking water 
ingestion, as well as risk to ecological receptors exposed via direct contact.  
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3.6 Human Exposure Assessment 


The human exposure component of the full-scale analysis assessed the magnitude, 
frequency, duration, and route of exposure to CCW contaminants that an individual may 
experience. The term “exposure,” as defined by the EPA exposure guidelines (U.S. EPA, 1992), 
as the condition that occurs when a contaminant comes into contact with the outer boundary of 
the body. The exposure of an individual to a contaminant completes an exposure pathway (i.e., 
the course a constituent takes from the WMU to an exposed individual). Once the body is 
exposed, the constituent can cross the outer boundary and enter the body. The amount of 
contaminant that crosses and is available for adsorption at internal exchange boundaries is 
referred to as the “dose” (U.S. EPA, 1992).  


This risk assessment evaluated the risk from CCW contaminants to receptors in the 
vicinity of a WMU. The individuals evaluated were those residents closest to the WMU. The 
distances from the WMU to the residents were taken from a distribution of distances to the 
nearest residential drinking water well measured for municipal landfills and, for the recreational 
fisher, a distribution of the distance of the nearest surface water body from CCW landfills and 
surface impoundments (see Appendix C).  


Section 3.6.1 presents an overview of the receptors and selected exposure pathways 
considered for this assessment, including a discussion of how childhood exposure is considered 
in the analysis. Section 3.6.2 presents exposure factors (i.e., values needed to calculate human 
exposure) used in the analysis. Section 3.6.3 describes the methods used to estimate dose, 
including average daily dose (ADD) and lifetime average daily dose (LADD). 


3.6.1 Receptors and Exposure Pathways 


Human receptors may come into contact with constituents present in environmental 
media through a variety of pathways. The exposure pathways considered in the full-scale 
analysis were ingestion of drinking water from contaminated groundwater sources and ingestion 
of fish from surface water contaminated by groundwater.  


 Ingestion of Drinking Water. Groundwater from an offsite well was assumed to be 
used for drinking water for residents (adult and child). 


 Ingestion of Fish. Fish are exposed to constituents via uptake of contaminants from 
surface water. Adult recreational fishers and their children were assumed to consume 
fish caught in local waterbodies. Although conservative, EPA considers this 
assumption to be reasonable and protective for fishers relying on locally caught fish 
as a food source. 


Table 3-7 lists each human receptor type considered in this analysis along with the specific 
exposure pathways that apply to that receptor. Both adult and child residents are exposed by 
drinking groundwater, and adult fishers and their children are exposed by eating fish caught in 
streams and lakes impacted by CCW. 
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Table 3-7. Receptors and Exposure Pathways 


Receptor 
Ingestion of 


Drinking Water 
Ingestion of 


Fish 
Adult resident T  
Child resident T  
Adult recreational fisher   T 
Child of recreational fisher  T 


Childhood Exposure 


Children are an important subpopulation to consider in a risk assessment because they 
may be more sensitive to exposures than adults. Compared with adults, children may eat more 
food and drink more fluids per unit of body weight. This higher intake-rate-to-body-weight ratio 
can result in a higher ADD for children than adults.  


As children mature, their physical characteristics and behavior patterns change. To 
capture these changes in the analysis, the life of a child was considered in stages represented by 
the following cohorts: cohort 1 (ages 1 to 5), cohort 2 (ages 6 to 11), cohort 3 (ages 12 to 19), 
and cohort 4 (ages 20 to 70). Associated with each cohort are distributions of exposure 
parameters that reflect the physical characteristics and behavior patterns of that age range. These 
exposure parameters are required to calculate exposure to an individual. The distributions for the 
20- to 70-year-old cohort were the same as those used for adult receptors. 


To capture the higher intake-rate-to-body-weight ratio of children, a start age of 1 year 
was selected for the child receptors. The exposure duration distribution for cohort 1 (a 1- to 5-
year-old) was used to define exposure duration for the child receptors for each of the 10,000 
iterations in the probabilistic analysis. For each individual iteration, the child receptor is aged 
through the age cohorts as appropriate until the age corresponding to the selected exposure 
duration is reached (e.g., if an exposure duration of 25 years was selected for an iteration, the 
child was aged from 1 year to 25 years, spending 5 years in cohort 1, 6 years in cohort 2, 8 years 
in cohort 3, and 6 years in cohort 4, for a total of 25 years). 


3.6.2 Exposure Factors 


The exposure factors used are listed in Table 3-8, along with their data sources and 
variable type (i.e., whether they were represented as a distribution or a fixed value in the Monte 
Carlo analysis). These exposure factors were used to calculate the dose of a chemical based on 
contact with contaminated media or food, the duration of that contact, and the body weight of the 
exposed individuals.  
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Table 3-8. Human Exposure Factor Input Parameters and Data Sources 


Parameter Variable Type Data Source 
Body weight (adult, child)  Distribution U.S. EPA (1997c) 
Ingestion rate: fish (adult, child) Distribution U.S. EPA (1997d) 
Ingestion rate: drinking water (adult, child) Distribution U.S. EPA (1997c) 
Exposure duration (adult, child) Distribution U.S. EPA (1997e) 
Exposure frequency (adult, child) Fixed (constant) U.S. EPA policy 
Fraction contaminated: drinking water Fixed (constant) U.S. EPA policy 
Fraction contaminated: fish Fixed (constant) U.S. EPA policy 
Fraction of TL3 fish consumed Fixed (constant) U.S. EPA (1997d) 
Fraction of TL4 fish consumed Fixed (constant) U.S. EPA (1997d) 
Human lifetime (used in carcinogenic risk calculation) Fixed (constant) U.S. EPA policy 


 


The primary data source of human exposure model inputs used in this risk assessment 
was EPA’s Exposure Factors Handbook (EFH; U.S. EPA, 1997c-e). The EFH summarizes data 
on human behaviors and characteristics related to human exposure from relevant key studies and 
provides recommendations and associated confidence estimates on the values of exposure 
factors. These data were carefully reviewed and evaluated for quality before being included in 
the EFH. EPA’s evaluation criteria included peer review, reproducibility, pertinence to the 
United States, currency, adequacy of the data collection period, validity of the approach, 
representativeness of the population, characterization of variability, lack of bias in study design, 
and measurement error (U.S. EPA, 1997c-e). For exposure factors that were varied in the Monte 
Carlo analysis, probability distribution functions were developed from the values in the EFH. 


The data sources and assumptions for intake and other human exposure factors used in 
this analysis are described below. Appendix F presents the exposure factors used and describes 
the rationale and data used to select the form of the distributions (e.g., normal, lognormal, 
gamma, Weibull) for those exposure factors that were varied in the probabilistic analysis. 


 Body Weight. Distributions of body weight were developed for adult and child 
receptors based on data from the EFH.  


 Fish Ingestion Rate. Fish ingestion rates were based on a recreational angler who 
catches and eats some fish from a waterbody impacted by contaminants released from 
CCW WMUs. Distributions of fish intake rates were developed for adult fishers 
based on data from the EFH. Because the EFH does not have fish ingestion rates for 
children, adult ingestion rates were used (as a conservative assumption). 


 Drinking Water Ingestion Rate. Distributions of drinking water intake rates were 
developed for the adult and child resident based on data from the EFH.  


 Exposure Duration. Exposure duration refers to the amount of time that a receptor is 
exposed to a contaminant source. Exposure duration was assumed to correspond with 
the receptor’s residence time in the same house. Exposure durations were determined 
using data on residential occupancy from the EFH. The data used to develop 
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parameter information for resident receptors were age-specific. Thus, separate 
exposure duration distributions were developed for adult and child residents.  


 Exposure Frequency. Exposure frequency is the frequency with which the receptor 
is exposed to the contaminated source during the exposure duration. Exposure 
frequency is not expected to vary much, so distributions were not developed for 
exposure frequency. All receptors were assumed to be exposed to the contaminant 
source 350 days/year. This value is based on the conservative assumption that 
individuals are away from their homes (e.g., on vacation) approximately 2 weeks out 
of the year, but are otherwise exposed daily. 


 Lifetime and Averaging Time. Averaging time is the period of time over which a 
receptor’s dose is averaged. To evaluate carcinogens, total dose was averaged over 
the lifetime of the individual, assumed to be 70 years. To evaluate noncarcinogens, 
dose was averaged over the last year of exposure because noncancer effects may 
become evident during less-than-lifetime exposure durations if toxic thresholds are 
exceeded. Essentially, this amounts to setting exposure duration and averaging time 
equal so that they cancel each other out in the equation for ADD. Thus, neither 
exposure duration nor averaging time is included in the ADD equation. 


3.6.3 Dose Estimates 


An exposure assessment estimates the dose to each receptor from the contaminant 
concentration in the exposure medium (e.g., drinking water, fish) and the intake rate for that 
medium (e.g., ingestion rate of drinking water, ingestion rate of fish). For this assessment, 
exposure estimates were based on the potential dose (e.g., the dose ingested) rather than the 
applied dose (e.g., the dose delivered to the gastrointestinal tract) or the internal dose (e.g., the 
dose delivered to the target organ). Doses from groundwater or fish ingestion were calculated by 
multiplying the contaminant concentration in groundwater or fish by the respective intake rate on 
a per kilogram body weight basis. Doses were then summed over the exposure duration, 
resulting in an ADD received from ingestion exposure. The ADD was used to assess noncancer 
risk from ingestion exposures and is defined as 


  IRCADD ×=  (3-2) 


where 


 C = average concentration (mass/volume or mass/mass) 
 IR = intake rate (mass/body weight mass/time, or volume/body weight 


mass/time). 


Contaminant concentration represents the concentration of a chemical in a medium that 
contacts the body. The ADD was calculated from concentrations averaged over the exposure 
duration for each receptor. 


For cancer effects, where the biological response is described in terms of lifetime 
probabilities even though exposure may not occur over the entire lifetime, dose is presented as a 
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LADD. The LADD was used to assess cancer risks from each exposure route (i.e., ingestion) and 
is defined as 


 
365AT


EFEDIRCLADD
×


×××
=  (3-3) 


where 


 C = average concentration (mass/mass or mass/volume) 
 IR = intake rate (mass/body weight mass/time, or volume/body weight 


mass/time) 
 ED = exposure duration (yr) 
 EF = exposure frequency (d/yr) 
 AT = averaging time (yr) 
 365 = units conversion factor (d/yr). 


As with the ADD, contaminant concentration represents the concentration of a chemical 
in a medium that contacts the body. Intake rate depends on the route of exposure; for example, it 
might be an inhalation rate or an ingestion rate. Exposure frequency is the number of days per 
year the receptor is exposed to the contaminated source during the exposure duration.  


For cancer effects, biological responses are described in terms of lifetime probabilities, 
even though exposure may not be lifelong; consequently, the exposure duration (the length of 
time of contact with a contaminant) was used to average the ADD over a lifetime (70 years). The 
media concentrations used were averaged over the duration of exposure.  


3.7 Toxicity Assessment 


A chemical’s ability to cause an adverse human health effect depends on the toxicity of 
the chemical, the chemical’s route of exposure to an individual (ingestion, inhalation, or direct 
contact), the duration of exposure, and the dose received (the amount that a human ingests or 
inhales). Similar principles apply to ecological receptors, although exposure duration is much 
shorter than for human receptors because humans generally live longer then ecological receptors. 
For a risk assessment, the toxicity of a constituent is defined by a human health or ecological 
benchmark for each route of exposure. A benchmark is a quantitative value used to predict a 
chemical’s possible toxicity and ability to induce an adverse effect at certain levels of exposure. 
Because different chemicals cause different health effects at different doses, benchmarks are 
chemical-specific. 


Appropriate human health and ecological benchmarks for the constituents of potential 
concern in CCW wastes were collected as part of the screening assessment. The same 
benchmarks were used in the full-scale risk assessment, with a few updates. The data sources and 
collection methodology for these benchmarks are described briefly in Sections 3.7.1 (human 
health benchmarks) and 3.7.2 (ecological benchmarks), and in more detail in Appendix G 
(human health benchmarks) and Appendix H (ecological benchmarks). The discussion here is 
limited to the 12 constituents assessed in the full-scale risk assessment and for humans, covers 
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only oral benchmarks (because all inhalation pathway risks fell below the screening criteria in 
the screening assessment). Appendices G and H cover all constituents and routes. 


3.7.1 Human Health Benchmarks  


Human health benchmarks for chronic oral exposures were needed for the full-scale 
analysis. These health benchmarks were derived from toxicity data based on animal studies or 
human epidemiological studies. Each benchmark represents a dose-response estimate that relates 
the likelihood and severity of adverse health effects to exposure and dose. This section presents 
the noncancer and cancer benchmarks used to evaluate human health effects that may result from 
exposure to the constituents modeled. 


Chronic human health benchmarks were used to evaluate potential noncancer and cancer 
risks. These include reference doses (RfDs) to evaluate noncancer risk from oral exposures and 
oral cancer slope factors (CSFs) to evaluate cancer risk from oral exposures. The benchmarks are 
chemical-specific and do not vary between age groups. 


 The RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of 
a daily exposure to the human population (including sensitive subgroups) that is 
likely to be without appreciable risk of deleterious noncancer effects during a 
lifetime. The RfD provides a reference point to gauge the potential effects (U.S. EPA, 
2002c). At exposures increasingly greater than the RfD, the potential for adverse 
health effects increases. Lifetime exposure above the RfD does not imply that an 
adverse health effect would necessarily occur.  


 The CSF is an upper-bound estimate (approximating a 95 percent confidence limit) 
of the increased human cancer risk from a lifetime exposure to an agent. This 
estimate is usually expressed in units of proportion (of a population) affected per 
milligram of agent per kilogram body weight per day (mg/kg-d). Unlike RfDs, CSFs 
do not represent “safe” exposure levels; rather, they relate levels of exposure with a 
probability of effect or risk.  


Human health benchmarks are available from several sources. Health benchmarks 
developed by EPA were used whenever they were available. Sources of human health 
benchmarks were used in the following order of preference: 


 Integrated Risk Information System (IRIS) (U.S. EPA, 2002c) 
 Superfund Technical Support Center Provisional Benchmarks 
 Health Effects Assessment Summary Tables (HEAST) (U.S. EPA, 1997f) 
 Various other EPA health benchmark sources 
 ATSDR minimal risk levels (MRLs) (ATSDR, 2002). 


These sources are described in more detail in Appendix G. 


The chronic human health benchmarks used in the full-scale analysis are summarized in 
Table 3-9. For most constituents, human health benchmarks were available from IRIS. 
Benchmarks for a few constituents were obtained from ATSDR and Superfund Provisional 
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Benchmarks U.S. EPA (2001c,d). For chemicals for which purely health-based benchmarks were 
not available (lead), a drinking water action level was used (U.S. EPA, 2002d). 


Cadmium has two RfDs, one for exposures via water and one for exposures via food. The 
RfD for water was used for drinking water ingestion and the RfD for food was used for fish 
consumption.  


Table 3-9. Human Health Benchmarks Used in the Full-Scale Analysis 


Constituent  
Type of 


Benchmark Value Units Sourcea 
Cancer Benchmark 
Arsenic CSF 1.5E+00 (mg/kg-d)-1 IRIS 
Noncancer Benchmarks 
Aluminum RfD 2.0E+00 mg/kg-d ATSDR 
Antimony RfD 4.0E-04 mg/kg-d IRIS 
Barium RfD 2.0E-01 mg/kg-d IRIS 
Boron RfD 2.0E-01 mg/kg-d IRIS 


RfD (water)b 5.0E-04 mg/kg-d IRIS Cadmium 
RfD (food)c 1.0E-03 mg/kg-d IRIS 


Cobalt RfD 2.0E-02 mg/kg-d Superfund 
Lead MCL 0.015 mg/L DWAL 
Molybdenum RfD 5.0E-03 mg/kg-d IRIS 
Nitrate/Nitrite MCLd 10 mg/L DWAL 
Selenium RfD 5.0E-03 mg/kg-d IRIS 
Thallium RfD 8.0E-05 mg/kg-d IRIS 
a References: 


ATSDR: Minimal Risk Levels, ATSDR (2002)  IRIS: U.S. EPA (2002c) 
DWAL: Drinking Water Action Level, U.S. EPA (2002d)  HEAST: U.S. EPA (1997f) 
Superfund: Superfund Risk Issue Paper, U.S. EPA (2001c,d) 


b Used for drinking water ingestion. 
c  Used for fish ingestion. 
d  For nitrate. 


3.7.2 Ecological Benchmarks  


The ecological risk assessment addresses two routes of exposure for ecological receptors, 
direct contact with contaminated media and ingestion of contaminated food items. For each 
constituent for which ecological effect data were available, HQs were calculated using chemical-
specific media concentrations assumed to be protective of ecological receptors of concern. To 
calculate ecological HQs, these media concentrations (also known as chemical stressor 
concentration limits [CSCLs]) were divided by the estimated media concentrations. The CSCLs 
are media-specific environmental quality criteria intended to represent a protective threshold 
value for adverse effects to various ecological receptors in aquatic ecosystems (surface water and 
sediment). The CSCLs were developed to be protective of the assessment endpoints chosen for 
this assessment. An HQ greater than 1 indicates that the predicted concentration exceeds the 
CSCL, and therefore, the potential for adverse ecological effects exists. In this regard, the use of 
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CSCLs to calculate an ecological HQ is analogous to the use of the reference concentration 
(RfC) for human health where the air concentration is compared to the health-based 
concentration (the RfC), and an HQ greater than 1 is considered to indicate the potential for 
adverse health effects.  


Table 3-10 shows the receptor types assessed for each exposure route (direct contact and 
ingestion) in each environmental medium addressed by the CCW risk assessment.  


Table 3-10. Ecological Receptors Assessed by Exposure Route and Medium 
(Surface Water or Sediment) 


Receptor Type 
Surface Water 
(water column) 


Surface Water 
Sediment 


Direct Contact Exposure 
Aquatic Community  U  
Sediment Community  U 
Amphibians U  
Aquatic Plants and Algae U  
Terrestrial Plants   
Ingestion Exposure 
Mammals U  
Birds U  


 


Ecological receptors that live in close contact with contaminated media are considered to 
be potentially at risk. These receptors are exposed through direct contact with contaminants in 
surface water and sediment. The benchmarks for receptor communities (aquatic or sediment 
communities) are not truly community-level concentration limits in that they do not consider 
predator-prey interactions. Rather, they are based on the theory that protection of 95 percent of 
the species in the community will provide a sufficient level of protection for the community (see, 
for example, Stephan et al., 1985, for additional detail). Appendix H summarizes the benchmark 
derivation methods for each receptor assessed for the direct contact route of exposure.  


The ingestion route of exposure addresses the exposure of terrestrial mammals and birds 
through ingestion of aquatic plants and prey. Thus, the benchmarks for ingestion exposure 
represent media concentrations that, based on certain assumptions about receptor diet and 
foraging behavior, are expected to be protective of populations of mammals and birds feeding 
and foraging in contaminated areas. 


For birds and mammals, the derivation of ingestion benchmarks required the selection of 
appropriate ecotoxicological data based on a hierarchy of sources. The assessment endpoint 
chosen for birds and mammals was population viability and therefore, the ingestion benchmarks 
were based on study data for physiological effects that are relevant to populations. These data 
included measures of reproductive fitness, developmental success, survival, and other 
toxicological effects that could have a significant impact on the population rather than just the 
health of an individual animal. Choosing these measures of effect provided the basis to evaluate 
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the potential for adverse effects at the population level by inference; this analysis does not 
evaluate the effects on population dynamics in the sense that a reduction in the population is 
predicted over time in response to exposure to constituents released from CCW. Population-level 
modeling was well beyond the scope of this risk assessment. 


Once an appropriate ingestion exposure study was identified, a benchmark was 
calculated. Appendix H describes the basic technical approach used to convert avian or 
mammalian benchmarks (in daily doses) to the CSCLs (in units of concentration) used to assess 
ecological risks for contaminated surface water and sediment. The methods reflect exposure 
through the ingestion of contaminated plants, prey, and various media, and include parameters 
on accumulation (e.g., BCFs), uptake (e.g., consumption rates), and dietary preferences.  


Where multiple ecological benchmarks were available for a pathway of interest, the 
benchmark that produced the lowest (most sensitive) CSCL for each chemical in each medium 
was used. For example, several types of receptors (the aquatic community, amphibians, aquatic 
plants, mammals, birds) can be exposed to contaminants in surface water. The surface water 
criterion for a given constituent represents the lowest CSCL for these receptors, and thus gives 
the highest (most protective) HQ. The CSCLs used to assess ecological endpoints in the full-
scale analysis and the associated receptor are summarized in Table 3-11. Additional details on 
the CCW ecological benchmarks and CSCLs and their development can be found in 
Appendix H. 


Table 3-11. Ecological Risk Criteria Used in the Full-Scale Analysis 


Constituent Mediuma Exposure Route CSCL  Units Receptor 
Aluminum Surface Water Direct contact 0.09 mg/L Aquatic biota 
Arsenic total Sediment Ingestion 0.51 mg/kg Spotted sandpiper 
Arsenic III Surface Water Direct contact 0.15 mg/L Aquatic biota 
Arsenic IV Surface Water Direct contact 8.10E-03 mg/L Aquatic biota 


Sediment Ingestion 190 mg/kg Spotted sandpiper Barium 
Surface Water Direct contact 4.00E-03 mg/L Aquatic biota 


Boron Surface Water Direct contact 1.60E-03 mg/L Aquatic biota 
Sediment Direct contact 0.68 mg/kg Sediment biota Cadmium 


Surface Water Direct contact 2.50E-03 mg/L Aquatic biota 
Cobalt Surface Water Direct contact 0.02 mg/L Aquatic biota 


Sediment Ingestion 0.22 mg/kg Spotted sandpiper Lead 
Surface Waterb Ingestion 3.00E-04 mg/L River otter 


Selenium total Surface Water Direct contact 5.00E-03 mg/L Aquatic biota 
Selenium IV Surface Water Direct contact 0.03 mg/L Aquatic biota 
Selenium VI Surface Water Direct contact 9.5E-03 mg/L Aquatic biota 
Source: U.S. EPA (1998) 
a If a medium (surface water or sediment) is not listed, there were insufficient data to develop a benchmark for it. 
b Includes ingestion of fish. 


Ecological benchmarks for both the screening and full-scale CCW risk assessment were 
taken directly from the 1998 fossil fuel combustion risk assessment, Non-Groundwater 
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Pathways, Human Health and Ecological Risk Analysis for Fossil Fuel Combustion Phase 2 
(FFC2) (U.S. EPA, 1998a). The receptors and endpoints selected for the 1998 analysis were 
evaluated and considered appropriate for the goals of this risk assessment. The benchmarks were 
derived for each chemical and receptor to the extent that supporting data were available. 


3.8 Risk Estimation 


The final step of the risk assessment process is to estimate the risk posed to human and 
ecological receptors (e.g., residents, fishers; aquatic organisms). In this step, estimates of toxicity 
(the human health and ecological benchmarks) and exposure doses or exposure concentrations 
are integrated into quantitative expressions of risk. For the CCW constituents modeled in the 
full-scale assessment, the CCW human risk assessment uses estimates of dose and toxicity to 
calculate individual excess lifetime carcinogenic risk estimates and noncancer HQs (Section 
3.8.1). The risk calculations for ecological receptors differ from those for humans because the 
ecological benchmarks are developed as media concentrations (i.e., they are calculated 
considering ecological exposure). Thus the CCW risk assessment uses estimates of exposure 
(media) concentrations and toxicity (media-specific concentration limits) to calculate an 
ecological HQ (Section 3.8.2). 


3.8.1 Human Health Risk Estimation 


The full-scale analysis focused on two human health exposure pathways: groundwater-to-
drinking-water and groundwater-to-surface-water via fish consumption by recreational fishers. 
The cancer and noncancer health impacts of ingesting groundwater and fish contaminated by 
CCW leachate were estimated using the risk endpoints shown in Table 3-12. These endpoints 
were generated for each iteration of the Monte Carlo analysis. Only the cancer endpoint was 
used for arsenic, because it is the more sensitive endpoint compared to noncancer effects. For the 
other 11 constituents, only noncancer HQs were calculated, using the appropriate noncancer 
endpoint. 


Table 3-12. Risk Endpoints Used for Human Health 


Risk Category Risk Endpoints Definition 
Cancer Effects 
(arsenic only) 


Lifetime excess cancer risk by pathway 
and chemical 


Lifetime excess cancer risk resulting from 
single pathway exposure 


Ingestion HQ by pathway and chemical Ingestion HQ resulting from single 
pathway exposure 


Ingestion HQ based on drinking water 
action level for lead and copper 


Lead and copper ingestion HQ resulting 
from drinking water pathway  


Noncancer Effects 


Average daily dose for fish consumption 
for lead 


Lead exposure resulting from fish 
ingestion pathway 


Cancer risks for arsenic were characterized using lifetime excess cancer risk estimates, 
which represent the excess probability of developing cancer over a lifetime as a result of 
exposure to the chemical of interest. Lifetime excess cancer risk estimates use the LADD (see 
Section 3.6.3) as the exposure metric. Lifetime excess cancer risk estimates are the product of 
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the LADD for a specific receptor and the corresponding cancer slope factor, as shown in 
Equation 3-4.  


 CSFLADDriskcancerexcessLifetime ii ×=  (3-4) 


where 


 LADD = lifetime average daily dose for ingestion pathway i (mg/kg BW/d) 
 i = pathway index 
 CSF = cancer slope factor (mg/kg BW/d)-1. 


Noncancer risk is characterized through the use of HQs, which are generated by dividing 
an ADD (see Section 3.6.3) for ingestion pathways by the corresponding RfD.7 An HQ 
establishes whether a particular individual has experienced exposure above a threshold for a 
specific health effect. Therefore, unlike cancer risk estimates, HQs are not probability 
statements. Rather, the RfD represents an estimate (with uncertainty spanning perhaps an order 
of magnitude) of a daily oral exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious effects during a lifetime. It can be 
derived from a no observed adverse effect level (NOAEL), from a low observed adverse effect 
level (LOAEL), or from a benchmark dose, with uncertainty factors generally applied to reflect 
limitations of the data used. Equation 3-5 shows the calculation for the ingestion HQ. This 
calculation was completed for each pathway considered (i.e., drinking water ingestion and fish 
consumption).  


 
RfD


ADD
HQ i


i =  (3-5) 


where 


 ADDi = average daily dose for ingestion pathway i (mg/kg-d) 
 i = pathway index 
 RfD = reference dose (mg/kg-d). 
 


The risk results address risk from exposure via the groundwater-to-drinking-water and 
groundwater-to-surface-water pathway separately. This is appropriate because the resident 
consuming contaminated groundwater may not be the recreational fisher who is consuming 
contaminated fish. Also, the arrival time of the contaminant plume to the stream and the human 
receptor may not be the same for a particular iteration.8 However, a resident may consume fish 
caught from a nearby stream or lake and contaminated drinking water if the travel times are 
similar, so that possibility should be considered as an uncertainty in this analysis.  


For each receptor type, lifetime excess cancer risk estimates for arsenic were calculated 
separately for the drinking water and fish consumption pathways. 


                                                 
7 HQs calculated for lead in drinking water were based on the drinking water action level (0.015 mg/L); lead 


exposures from fish ingestion are reported as an ADD. 
8  Stream distance and well distance were sampled independently in the Monte Carlo analysis. 
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3.8.2  Ecological Risk Estimation 


The full-scale analysis addressed two routes of exposure for ecological receptors: direct 
contact with contaminated media and ingestion of contaminated food items. HQs were calculated 
using chemical-specific media concentrations assumed to be protective of ecological receptors of 
concern through either exposure route (CSCLs). As described in Section 3.7.2, these ecological 
benchmarks were developed for representative organisms and communities in each 
environmental medium of concern.  


For a particular Monte Carlo iteration, HQs were calculated for sediment and surface 
water as the ratio between the media concentration and the ecological benchmark. Because the 
CSCLs were derived for an HQ of 1 (for relevant ecological endpoints), the ratio of a constituent 
concentration in a media to the media-specific CSCL represents the HQ for that constituent and 
pathway. For surface water, the HQ was calculated as follows: 


 HQsurface water = Csw / CSCLsw (3-6) 


where 


 Csw = total concentration in surface water column (mg/L)  
 CSCLsw = ecological benchmark for surface water (mg/L). 


Similarly, for sediment, the HQ was calculated as 


 HQsediment = Csediment / CSCLsediment (3-7) 


where 


 Csediment  = total concentration in sediment (mg/kg)  
 CSCLsediment = ecological benchmark for sediment (mg/kg). 


Because the sediment and surface water benchmarks were based on separate receptor 
communities, it is not appropriate to add HQs across pathways. 
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4.0 Risk Characterization 
This section summarizes the results of the full-scale Monte Carlo analysis and 


characterizes those results in terms of significant uncertainties and the scenarios and factors that 
influence risks to human health and the environment. Results are presented by receptor, pathway, 
and WMU type. 


An overview of the assessment on which these results are based (e.g., waste management 
scenarios, analysis framework) is provided in Section 2. Section 3 provides more details on 
analysis methodologies, parameter values, and assumptions. In this section, Section 4.1 presents 
results from the human health risk assessment and includes an analysis of how liner conditions 
influence results. Section 4.2 presents the results from the ecological risk assessment. Tables 
summarizing the human and ecological results are presented in each section. Section 4.3 
describes the sensitivity analysis conducted for the CCW risk assessment, and Section 4.4 
discusses how variability and uncertainty have been addressed, including a semi-quantitative 
review of the potential impact of some of the more significant uncertainties on results.  


Probabilistic results are based on a Monte Carlo simulation in which many model input 
parameter values were varied over 10,000 iterations of the model per waste management 
scenario to yield a statistical distribution of exposures and risks.  Per the Guidance for Risk 
Characterization developed by the EPA Science Policy Council in 1995 (http://www.epa.gov/ 
OSA/spc/pdfs/rcguide.pdf), EPA defined the high end of the risk distribution at the 90th 
percentile risk or hazard estimate generated during the Monte Carlo simulation. Thus, the 90th 
percentile risk results are shown in this section as the high end estimate of the risk distribution 
generated during the Monte Carlo simulation of constituent release, fate and transport, and 
exposure associated with CCW disposal in landfills and surface impoundments. In addition, the 
50th percentile results are presented as the central tendency estimate of that risk distribution.  


For exposure scenarios describing the waste management unit type (e.g., lined landfill; 
unlined surface impoundment), location (e.g., meteorological region), receptor (e.g., child), and 
health endpoint (e.g., cancer), the 90th percentile risk represents the high-end estimate that is 
compared to the appropriate risk criteria (for cancer or noncancer) to help determine whether 
CCW disposal practices are protective of public health. The risk criteria used are defined in 
terms of estimated lifetime cancer risk and noncancer hazard attributable to CCW disposal.  The 
risk criteria adopted for this assessment are 


 For chemical constituents that cause cancer (carcinogens), the criterion is an estimated 
excess lifetime cancer risk for exposed individuals of 1 case in 100,000 (i.e., 1x10-5) 


 For constituents that cause adverse, noncancer health effects (noncarcinogens), the 
criterion is a HQ of greater than 1, with the HQ being the ratio of the average daily 
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exposure level to a protective exposure level corresponding to the maximum level at 
which no appreciable effects are likely to occur. 


In general, the full-scale analysis showed lower risks than the screening analysis, but still 
showed risks above risk criteria for certain CCW constituents, WMU types, pathways, and 
receptors at the 90th percentile. At the 50th percentile, risks are still above the risk criteria for 
both WMU types, but for fewer constituents and pathways. The results presented herein are 
subject to further interpretation, as EPA queries the CCW risk inputs and outputs to investigate 
how the results may be affected by (1) waste types and environmental and waste management 
conditions, (2) assumptions made about these conditions in designing the probabilistic analysis, 
and (3) the availability of facility data. 


4.1  Human Health Risks  


This section presents the 90th and 50th percentile risk results for the two human exposure 
pathways evaluated in the full-scale analysis: (1) groundwater-to-drinking-water and 
(2) groundwater-to-surface-water (fish consumption). Results are presented for the two WMU 
types addressed in the analysis: landfills and surface impoundments, and show the distribution of 
risks across all waste types by liner type (from the EPRI survey data). The human health risk 
criteria for the analysis were a 10-5 excess cancer risk for arsenic and an HQ greater than 1 for 
the other constituents, each of which exhibits noncarcinogenic effects. 


4.1.1  Groundwater-to-Drinking-Water Pathway  


Tables 4-1 and 4-2 present the 90th and 50th percentile risk results, respectively, for the 
groundwater-to-drinking water pathway for landfills and surface impoundments. Results are 
shown across all units combined (i.e., across all liner types), as well as for each of the three unit 
types modeled in the analysis (unlined, clay-lined, and composite-lined). Except for arsenic, the 
results presented are for a child resident, because those risks for noncarcinogens were 
consistently higher than the risks for the adult resident. For arsenic, a carcinogen, adult risks are 
presented because the longer exposure duration and higher intake rates cause risks to be slightly 
higher for adults than for children. Results for arsenic and selenium are based on the arsenic III 
and selenium VI species, which are more mobile in soil and groundwater (causing higher 
receptor well concentrations). Results for other arsenic and selenium species for comparison can 
be found in the model uncertainty discussion in Section 4.4.2.  


Figures 4-1 and 4-2 show the 90th and 50th percentile risk results. For each constituent, 
the graphs plot the 90th percentile (Figure 4-1) or 50th percentile (Figure 4-2) HQ or cancer risk 
level against the risk criteria (10-5 cancer risk or an HQ greater than 1) by the liner types reported 
in the EPRI survey. As in the table, the constituents are shown in order from highest risk in the 
full-scale analysis to lowest; the risk criteria are shown by the solid vertical line. Composite 
liners are not plotted in these figures when risks are below the x-axis minimum. 


Note that not all 12 chemicals modeled in the full-scale assessment are presented for each 
pathway/WMU scenario. Only the chemicals for which the risks in the screening assessment 
exceeded the screening criteria for the scenario and for which constituent data were adequate to 
model and assess risks were modeled in the full-scale assessment, and only those modeled 
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chemical/pathway/WMU scenarios are shown in the tables and figures. For example, antimony 
and thallium risks are not presented for surface impoundments because of a high proportion of 
nondetects in the surface impoundment data for these CCW constituents. Similarly, adequate 
cobalt data were available only for surface impoundments. Screening-level human health risks 
for barium were below the screening criteria; therefore, barium is shown only in the ecological 
risk tables and figures. The screening analysis results in Section 2.1 and Table 2-3 show which 
CCW constituents were modeled for each pathway/WMU scenario. 


Table 4-1. Summary of 90th Percentile Full-Scale CCW Human Risk Results:  
Groundwater-to-Drinking-Water Pathway 


 90th Percentile HQ or Cancer Risk Valuea 


Chemicalb 
All Units 


Combinedc 
Unlined 


Units 
Clay–Lined 


Units 
Composite–Lined 


Units 


Landfills 
Arsenic (cancer) 3E-04 5E-04 2E-04 0 


Thallium 2 3 1 0 


Antimony 0.7 1 0.6 0 


Molybdenum 0.9 1 0.7 0 


Lead (MCL)d 0.4 0.9 0.2 0 


Cadmium 0.2 0.3 0.2 0 


Boron 0.3 0.5 0.3 0 


Selenium 0.2 0.4 0.2 0 


Nitrate/Nitrite (MCL)d 0.1 0.2 0.07 3E-06 


Surface Impoundments 
Arsenic (cancer) 6E-03 9E-03 3E-03 4E-07 


Molybdenum 4 5 3 7E-03 


Cobalt 4 5 0.9 0 


Cadmium 4 5 1 2E-09 


Lead (MCL)d 3 5 0.9 1E-20 


Boron 3 3 2 4E-03 


Selenium 1 1 0.8 1E-03 


Nitrate/Nitrite (MCL)d 0.9 1 1 6E-04 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results indicate 


that contaminant infiltration rates were too small for the contaminant plume to reach the receptor 
during the 10,000 year period of the analysis. 


b Note that not every chemical that was selected for full-scale modeling was modeled in every 
pathway/WMU scenario: only chemicals with adequate data and that were identified in the 
screening analysis as needing further assessment (see Section 2.1) were modeled for each scenario. 


c Results across all unit types combined (unlined, clay-lined, and composite-lined). 
d Values are ratios of exposure concentration to MCL. 
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Table 4-2. Summary of 50th Percentile Full-Scale CCW Human Risk Results:  
Groundwater-to-Drinking-Water Pathway 


 50th Percentile HQ or Cancer Risk Valuea 


Chemicalb 
All Units 


Combinedc 
Unlined 


Units 
Clay–Lined 


Units 
Composite–
Lined Units 


Landfills 
Arsenic (cancer) 3E-06 1E-05 5E-06 0 


Thallium 0.07 0.2 0.09 0 


Antimony 0.01 0.05 0.02 0 


Molybdenum 0.01 0.03 0.02 0 


Lead (MCL)d 2E-07 5E-03 6E-08 0 


Cadmium 4E-03 0.01 6E-03 0 


Boron 4E-03 0.01 7E-03 0 


Selenium 6E-03 0.02 8E-03 0 


Nitrate/Nitrite (MCL)d 4E-03 0.01 5E-03 0 


Surface Impoundments 
Arsenic (cancer) 1E-04 3E-04 9E-05 0 


Molybdenum 0.6 0.9 0.4 5E-12 


Cobalt 9E-03 0.02 3E-03 0 


Cadmium 0.06 0.08 0.03 0 


Lead (MCL)d 0.05 0.09 9E-03 0 


Boron 0.1 0.2 0.1 6E-12 


Selenium 0.08 0.1 0.05 5E-12 


Nitrate/Nitrite (MCL)d 0.03 0.04 0.02 7E-08 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach the 
receptor during the 10,000 year period of the analysis. 


b Note that not every chemical that was selected for full-scale modeling was modeled in every 
pathway/WMU scenario: only chemicals with adequate data and that were identified in the 
screening analysis as needing further assessment (see Section 2.1) were modeled for each scenario. 


c Results across all unit types combined (unlined, clay-lined, and composite-lined). 
d Values are ratios of exposure concentration to MCL. 
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A cancer risk of 10-5 or an HQ greater than 1 are the risk criteria for this analysis. 


Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined). 
Note: When the composite liner bar does not appear on the chart, the 90th percentile risk index  


is below the minimum shown on the x-axis. 


Figure 4-1. Full-scale 90th percentile risk results for the 
groundwater-to-drinking-water pathway. 
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A cancer risk of 10-5 or an HQ greater than 1 are the risk criteria for this analysis.  


Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined). 
Note: When the composite liner bar does not appear on the chart, the 50th percentile risk index  


is below the minimum shown on the x-axis. 


Figure 4-2. Full-scale 50th percentile risk results for the 
groundwater-to-drinking-water pathway. 
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As can be seen in Figure 4-1, the full-scale analysis produced lower risks for landfills 
than surface impoundments. For landfills, at the 90th percentile, arsenic shows risks above a 
cancer risk of 1x10-5 for both unlined units (5x10-4) and clay-lined units (2x10-4) and thallium 
shows a noncancer risk (3) above an HQ of 1 only for unlined units. Figure 4-2 shows that at the 
50th percentile, all risks were at or below the risk criteria. Composite-lined units show zero or 
negligible risks (well below the risk criteria) for all constituents and percentiles examined. 


For surface impoundments, the full-scale analysis produced arsenic risk estimates at the 
90th percentile above a cancer risk of 1x10-5 for both unlined units (9x10-3) and clay-lined units 
(3x10-3) and a noncancer HQ above the criteria for boron (3), lead (5), cadmium (5), cobalt (5), 
and molybdenum (5) for unlined units, and for boron (2) and molybdenum (3) for clay-lined 
units. At the 50th percentile, only arsenic has risks above the 10-5 risk criterion for unlined  
(3x10-4) and clay-lined (9x10-5) surface impoundments. And as with landfills, the risks from 
composite-lined surface impoundments are well below the risk criteria.  


The higher risks for surface impoundments as compared to landfills reflect higher 
constituent concentrations in the surface impoundment wastes, a higher proportion of unlined 
units (see Section 4.1.4), and a higher hydraulic head in an impoundment that drives leachate 
into the underlying soil with greater force than infiltration in landfills. This higher head results in 
a greater flux of contaminants to groundwater during the active life of the surface impoundment, 
especially in unlined units. In combination with the higher CCW constituent concentrations in 
surface impoundment porewater and a greater proportion of unlined units, these factors lead to 
more and higher risk exceedances for surface impoundments than for landfills. 


The analysis demonstrates that the presence of liners, especially composite liners, reduce 
leaching and risks from CCW landfills and surface impoundments. Note that 90th percentile 
risks from composite liners are zero for most constituents for landfills, which means that in 90 
percent of the cases, the contaminant did not reach the receptor well in the 10,000 year limit for 
this analysis.  These zero values reflect the liner leakage rates in the empirical data set used to 
develop composite landfill liner infiltration rates used in this risk assessment (from U.S. EPA, 
2002b; see Section 3.2.2), which are mostly zero values or very low in terms of infiltration rate. 
Although these infiltration rates are based on the best data available to EPA, these data are not 
specific to CCW facilities and therefore represent an uncertainty in this analysis (see Sections 
3.2.2 and 4.4.3.2).  


Composite liners also significantly reduced risks for surface impoundments for several 
constituents at the 90th percentile by 4 to 10 orders of magnitude and generated risk results well 
below the risk criteria for this analysis. Infiltration rates for composite-lined surface 
impoundments are largely controlled by leak density (see Section 3.3), which is an empirical 
distribution from the same source as the landfill infiltration rates (U.S. EPA, 2002b), and are 
subject to similar uncertainties.    


Arrival times for the peak arsenic concentration used to calculate risks are plotted as 
cumulative distributions for surface impoundments and landfills in Figure 4-3. As can be seen in 
the figure, the peak arrival time for surface impoundments is usually less than 100 years (i.e., 
peak concentration occurs shortly after closure); the 50th percentile is 78 years, and the 75th 
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percentile is 105 years.2 Arrival times for landfills are much longer, ranging from hundreds to 
thousands of years; the 50th percentile is 618 years and the 75th percentile is 3,343 years. The 
shorter arrival times for surface impoundments are primarily due to the hydraulic head of the 
waste liquids in the unit and the lower prevalence of liners in surface impoundments; by contrast, 
landfill leaching is driven by infiltration of precipitation through the cap and liner of the unit.  


The arrival time of the peak concentration corresponds to the arrival of the maximum 
risk; however, for runs where the risk exceeds the risk criteria, the concentration that results in 
risk at the risk criteria will arrive somewhat before the peak concentration. Overall, however, the 
time to reach the risk criteria should be similar to the peak arrival times shown in Figure 4-3. 
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Figure 4-3. Comparison of peak arrival times for arsenic for 
CCW landfills and surface impoundments.  


4.1.2 Groundwater-to-Surface-Water (Fish Consumption) Pathway  


Tables 4-3 and 4-4 present the 90th and 50th percentile risk results, respectively, for the 
fish consumption pathway, where fish are contaminated by groundwater seeping into a 
waterbody downgradient from the WMU. The results presented are for a fisher’s child because 
those risks were consistently higher than the risks for the adult fisher. Results for arsenic are 
based on arsenic III, which is more mobile in soil and groundwater (and so had higher receptor 
concentrations). The selenium results are based on selenium VI, which also represents the 
highest receptor concentrations. The uncertainty resulting from the model’s inability to speciate 
metals during transport is discussed in Section 4.4.2.  


For surface impoundments, 90th percentile selenium and arsenic risks for unlined units 
are slightly above a cancer risk of 1x10-5 (2x10-5, arsenic) and slightly above a noncancer HQ of 
1 (2 for selenium). Risks are below the risk criteria for clay-lined and composite-lined surface 
impoundments. Again, risks are higher for surface impoundments than for landfills (where risks 
are below risk criteria for all constituents) because of the higher waste concentrations, higher 
hydraulic head in these units, and a lower prevalence of liners, as discussed previously for the 
drinking water pathway. Fish consumption pathway 50th percentile results are well below the 
risk criteria for all constituents, waste management scenarios, and liner types. 
                                                 
2  In other words, 50 percent of the arrival times are less than 78 years and 75 percent are less than 105 years. 
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As with the groundwater-to-drinking-water pathway analysis, the absence of risk from 
composite-lined units suggests that the composite liners modeled in this analysis are effective at 
preventing contaminants from reaching the surface waterbodies of interest. 


Table 4-3. Summary of 90th Percentile Full-Scale CCW Human Risk Results:  
Groundwater-to-Surface-Water (Fish Consumption) Pathway 


 90th Percentile HQ or Cancer Risk Valuea 


Chemicalb 


All Units 
Combined


c 
Unlined 


Units 
Clay-Lined 


Units 
Composite–Lined 


Units 


Landfills 
Arsenic (cancer) 6E-07 1E-06 3E-07 0 


Selenium 0.3 0.7 0.1 0 


Thallium 0.2 0.4 0.07 0 


Cadmium 0.02 0.06 9E-03 0 


Surface Impoundments 
Arsenic (cancer) 1E-05 2E-05 7E-06 6E-13 


Selenium 2 2 1 2E-06 


Cadmium 0.1 0.2 0.09 3E-15 
a  Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach 
the receptor during the 10,000 year period of the analysis. 


b  Note that not every chemical that was selected for full-scale modeling was modeled in every 
pathway/WMU scenario: only chemicals with adequate data and that were identified in the 
screening analysis as needing further assessment (see Section 2.1) were modeled for each 
scenario. 


c  Results across all unit types combined (unlined, clay-lined, and composite-lined). 
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Table 4-4. Summary of 50th Percentile Full-Scale CCW Human Risk Results:  
Groundwater-to-Surface-Water (Fish Consumption) Pathway 


 50th Percentile HQ or Cancer Risk Valuea 


Chemicalb 
All Units 


Combinedc 
Unlined 


Units 
Clay–Lined 


Units 
Composite–Lined 


Units 


Landfills 
Arsenic (cancer) 6E-11 1E-09 3E-10 0 


Selenium 5E-05 7E-04 2E-04 0 


Thallium 3E-05 5E-04 2E-04 0 


Cadmium 2E-06 5E-05 8E-06 0 


Surface Impoundments 
Arsenic (cancer) 2E-08 5E-08 3E-09 0 


Selenium 3E-03 7E-03 4E-04 0 


Cadmium 3E-04 9E-04 3E-05 0 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero 


results indicate that contaminant infiltration rates were too small for the contaminant 
plume to reach the receptor during the 10,000 year period of the analysis. 


b Note that not every chemical that was selected for full-scale modeling was modeled in 
every pathway/WMU scenario: only chemicals with adequate data and that were identified 
in the screening analysis as needing further assessment (see Section 2.1) were modeled for 
each scenario. 


c Results across all unit types combined (unlined, clay-lined, and composite-lined). 


4.1.3 Results by Waste Type/WMU Scenario 


As described in Section 3.1, the CCW risk assessment was organized by waste type so 
that different waste chemistries could be accounted for in the fate and transport modeling. The 
results discussed so far in this report address conventional CCW (fly ash, bottom ash, boiler slag, 
FGD sludge) and conventional CCW codisposed with coal refuse.3 Section 4.1.3.1 presents these 
results by waste type. FBC wastes were also modeled in this assessment, but because of the 
small number of FBC waste disposal sites (7) in the EPRI/EPA database, the results are treated 
separately in Section 4.1.3.2.     


4.1.3.1 Conventional CCW and CCW Codisposed with Coal Refuse 


Tables 4-5 and 4-6 show 90th- and 50th-percentile risk results, respectively, by waste type 
and unit type for CCW landfills for the groundwater-to-drinking-water pathway. There was little 
difference in results between waste types for landfills, which showed very similar risks for 
conventional CCW and codisposed CCW and coal refuse. Risks are a factor of 2 or 3 greater for 
unlined landfills than for clay-lined landfills. For conventional CCW in landfills, arsenic cancer 
risks are  4x10-4  for unlined units, 2x10-4 for clay-lined units, and 0 for composite-lined units at 
                                                 
3  Coal refuse is the waste coal produced from coal handling, crushing, and sizing operations, and tends to have a 


high sulfur content and low pH. In the CCW constituent database, codisposed coal refuse includes “combined ash 
and coal gob,” “combined ash and coal refuse,” and “combined bottom ash and pyrites.” 
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the 90th percentile.  Noncancer risks at the 90th percentile exceeded 1 for only thallium in unlined 
units (3) and clay-lined units (2) and antimony in unlined units (2).  For codisposed CCW and 
coal refuse in landfills, arsenic cancer risks are  5x10-4  for unlined units, 2x10-4 for clay-lined 
units, and 0 for composite-lined units at the 90th percentile.  Noncancer hazard quotients at the 
90th percentile exceeded 1 for only thallium in unlined units (2) and molybdenum in unlined 
units (2).  50th percentile risks for the groundwater-to-drinking-water pathway were below the 
risk criteria for all waste types in all types of landfills.  Landfills with composite liners show zero 
risks as modeled in this assessment (see Section 4.1.4 for a further discussion of risks by liner 
type).  


The difference in risks between waste types is greater for surface impoundments. Tables 
4-7 and 4-8 show 90th and 50th percentile risk results, respectively, by waste type and liner type 
for CCW surface impoundments (for the drinking water pathway). For conventional CCW in 
surface impoundments, arsenic cancer risks are 2x10-3  for unlined units, 9x10-4 for clay-lined 
units, and below the risk criteria for composite-lined units at the 90th percentile.  Noncancer 
hazard quotients at the 90th percentile exceeded 1 for nitrate/nitrite (20), molybdenum (8), boron 
(7), selenium (2), and lead (3) in unlined units, and nitrate/nitrite (10), molybdenum (5) and 
boron (4) in clay-lined units.  None of the risk criteria were exceeded at the 90th percentile in 
composite-lined units.  For codisposed CCW and coal refuse in surface impoundments, arsenic 
cancer risks are  2x10-2  for unlined units, 7x10-3 for clay-lined units, and below the risk criteria 
for composite-lined units at the 90th percentile.  Noncancer hazard quotients at the 90th percentile 
exceeded 1 for cadmium (9), cobalt (8), lead (9), and molybdenum (3) in unlined units, and 
cadmium (3), cobalt (3), and molybdenum (2) in clay-lined units.  None of the risk criteria were 
exceeded at the 90th percentile in composite-lined units.  As noted above, codisposal of CCW 
and coal refuse in surface impoundments results in risks up to 10-fold greater than those seen for 
conventional CCW managed in surface impoundments. This is likely due to the higher metal 
concentrations and the acidity of coal refuse leachate4 for surface impoundments in the CCW 
database. As with landfills, clay-lined units show lower risks by a factor of 2 or 3 than unlined 
units, and composite liners show negligible or zero risks for either waste type.    


                                                 
4  Metals tend to show greater solubility and mobility in acidic leachate.   
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Table 4-5. 90th Percentile Risk Results by CCW Type: Landfills, 
Groundwater-to-Drinking-Water Pathway 


 90th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite-
Lined Units 


Conventional CCW – 79 landfills 
Arsenic (cancer) 3E-04 4E-04 2E-04 0 


Thallium 2 3 2 0 


Antimony 1 2 0.8 0 


Molybdenum 0.9 1 0.8 0 


Lead (MCL)b 0.5 1 0.3 0 


Cadmium 0.4 0.7 0.4 0 


Boron 0.4 0.7 0.4 0 


Selenium 0.1 0.2 0.1 0 


Nitrate/nitrite (MCL)c 0.07 0.1 0.06 2E-06 


Codisposed CCW and Coal Refuse – 41 landfills 
Arsenic (cancer) 3E-04 5E-04 2E-04 0 


Thallium 1 2 1 0 


Molybdenum 0.8 2 0.6 0 


Antimony 0.5 0.8 0.3 0 


Selenium 0.4 0.7 0.3 0 


Lead (MCL)c 0.3 0.7 0.09 0 


Boron 0.2 0.3 0.1 0 


Nitrate/nitrite (MCL)c 0.2 0.2 0.1 3E-06 


Cadmium 0.1 0.2 0.07 0 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach 
the receptor during the 10,000 year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 







Section 4.0 Risk Characterization 


Draft EPA document. Do not cite or quote. 4-13 


Table 4-6. 50th Percentile Risk Results by CCW Type: Landfills, 
Groundwater-to-Drinking-Water Pathway 


 50th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite-
Lined Units 


Conventional CCW – 79 landfills 
Arsenic (cancer) 2E-06 6E-06 4E-06 0 


Thallium 0.08 0.2 0.1 0 


Antimony 0.02 0.04 0.02 0 


Molybdenum 0.03 0.05 0.04 0 


Lead (MCL)b 3E-08 4E-04 2E-08 0 


Cadmium 0.005 0.01 0.008 0 


Boron 0.007 0.01 0.01 0 


Selenium 0.004 0.009 0.006 0 


Nitrate/nitrite (MCL)c 0.002 0.004 0.003 0 


Codisposed CCW and Coal Refuse – 41 landfills 
Arsenic (cancer) 4E-06 2E-05 6E-06 0 


Thallium 0.06 0.2 0.07 0 


Molybdenum 0.006 0.02 0.006 0 


Antimony 0.01 0.05 0.02 0 


Selenium 0.008 0.03 0.01 0 


Lead (MCL)c 6E-07 0.01 2E-07 0 


Boron 0.002 0.008 0.003 0 


Nitrate/nitrite (MCL)c 0.01 0.04 0.009 0 


Cadmium 0.003 0.02 0.004 0 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach 
the receptor during the 10,000 year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 
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Table 4-7. 90th Percentile Risk Results by CCW Type: Surface 
Impoundments, Groundwater-to-Drinking-Water Pathway 


 90th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite-
Lined Units 


Conventional CCW – 44 surface impoundments 
Arsenic (cancer) 1E-03 


  
2E-03 9E-04 2E-07 


Nitrate/nitrite (MCL)c 10 20 10 9E-04 


Molybdenum 6 8 5 7E-03 


Boron 5 7 4 5E-03 


Selenium 2 2 1 1E-03 


Lead (MCL)c 1 3 0.7 1E-21 


Cadmium 0.4 0.5 0.3 4E-11 


Cobalt 0.01 0.01 6E-03 0 


Codisposed CCW and Coal Refuse – 72 surface impoundments 
Arsenic (cancer) 2E-02 2E-02 7E-03 4E-06 


Cadmium 8 9 3 5E-05 


Cobalt 7 8 3 4E-08 


Lead (MCL)c 6 9 1 1E-19 


Molybdenum 3 3 2 4E-03 


Boron 1 1 0.5 2E-03 


Selenium 0.8 0.8 0.4 1E-03 


Nitrate/nitrite (MCL)c 0.3 0.4 0.2 1E-04 
a  Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach the 
receptor during the 10,000 year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 
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Table 4-8. 50th Percentile Risk Results by CCW Type: Surface 
Impoundments, Groundwater-to-Drinking-Water Pathway 


 50th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite–
Lined Units 


Conventional CCW – 44 surface impoundments 
Arsenic (cancer) 7E-05 


  
1E-04 6E-05 0 


Nitrate/nitrite (MCL)c 0.05 0.1 0.05 7E-08 


Molybdenum 0.6 1.1 0.5 2E-11 


Boron 0.2 0.4 0.2 3E-11 


Selenium 0.07 0.1 0.07 2E-11 


Lead (MCL)c 0.02 0.05 0.007 0 


Cadmium 0.03 0.05 0.02 0 


Cobalt 0.001 0.003 8E-04 0 


Codisposed CCW and Coal Refuse – 72 surface impoundments 
Arsenic (cancer) 4E-04 6E-04 2E-04 0 


Cadmium 0.1 0.1 0.05 0 


Cobalt 0.3 0.4 0.09 0 


Lead (MCL)c 0.09 0.1 0.01 0 


Molybdenum 0.6 0.8 0.3 3E-18 


Boron 0.1 0.1 0.06 5E-15 


Selenium 0.08 0.1 0.03 5E-15 


Nitrate/nitrite (MCL)c 0.02 0.03 0.01 4E-08 
a  Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach the 
receptor during the 10,000 year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 


4.1.3.2 FBC Wastes 


Tables 4-9 and 4-10 show the 90th- and 50th-percentile risk results for FBC landfills by 
unit type. At the 90th percentile in landfills, arsenic cancer risks are  3x10-5  for unlined units, 
6x10-5 for clay-lined units, and 0 for composite-lined units.  Noncancer hazard quotients exceed 
1 for only thallium (4) and antimony (3) in clay-lined units.  No risks exceeded the risk criteria at 
the 50th percentile. These results suggest lower risks than for conventional CCW and CCW 
codisposed with coal refuse. The difference may be attributed to lower FBC leachate 
concentrations and the alkaline nature of FBC waste.  


Note that clay-lined FBC landfills show higher risks than unlined facilities, which is 
counterintuitive considering how clay-lined and unlined units are designed and operated. This 
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result reflects the characteristics of the limited number and locations of FBC landfills5 and 
illustrates how the probabilistic analysis design and availability of facility data can impact risk 
results (and why FBC results are treated separately in the risk characterization). As presented in 
Section 3.1.2 and in Figure 3-2, the Monte Carlo analysis was designed to evaluate risks posed 
by current waste management practices for a given WMU type, waste type, and waste 
constituent. This approach limits the effects of data availability for the different liner 
configurations when the risks are aggregated over all units (lined and unlined) combined. 
However, when the risk results of an exposure pathway are viewed at a resolution finer than the 
analysis design, a small sample size for a particular waste and WMU type scenario (as occurs for 
FBC waste), along with the interactions of liner type with other site-based inputs (notably 
infiltration rate and the size of the WMU), can produce unexpected results. In the case of FBC 
wastes, the characteristics (primarily infiltration rate and areas) of the three unlined landfills 
were such that their risks were lower than the clay-lined FBC landfills. 


Table 4-9. 90th Percentile Risk Results for FBC Wastes: Landfills, 
Groundwater-to-Drinking-Water Pathway 


 90th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite-
Lined Units 


FBC Waste – 7 landfills 
Arsenic (Cancer) 4E-05 


 
3E-05 6E-05 0 


Thallium 2 1 4 0 


Antimony 1 0.8 3 0 


Lead (MCL)c 0.4 0.4 0.6 0 


Molybdenum 0.3 0.2 0.5 0 


Cadmium 0.2 0.1 0.3 0 


Selenium 0.1 0.08 0.1 0 


Nitrate/nitrite (MCL)c 0.05 0.03 0.07 5E-08 


Boron 0.04 0.02 0.07 0 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach the 
receptor during the 10,000-year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 


                                                 
5  FBC WMU data were available for only seven landfills (3 unlined, 3 clay-lined, and 1 composite-lined), and it is 


not known how representative these data are with respect to WMU characteristics and locations throughout the 
United States. 
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Table 4-10. 50th Percentile Risk Results for FBC Wastes: Landfills, 
Groundwater-to-Drinking-Water Pathway 


 50th Percentile HQ or Cancer Risk Valuea 


Chemical 
All Units 


Combinedb 
Unlined 


Units 
Clay-Lined 


Units 
Composite-
Lined Units 


FBC Waste – 7 landfills 
Arsenic (Cancer) 0 


 
0 4E-07 0 


Thallium 0.008 0 0.2 0 


Antimony 0.002 0 0.09 0 


Lead (MCL)c 0 0 2E-04 0 


Molybdenum 0.003 0 0.04 0 


Cadmium 4E-07 0 0.01 0 


Selenium 3E-04 0 0.01 0 


Nitrate/nitrite (MCL)c 1E-04 3E-08 0.004 0 


Boron 2E-04 0 0.003 0 
a Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results 


indicate that contaminant infiltration rates were too small for the contaminant plume to reach 
the receptor during the 10,000-year period of the analysis. 


b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined). 
c  Values are ratios of exposure concentration to MCL. 


 


4.1.4 Results by Unit Type 


The effect of unit type on human health risk for the groundwater-to-drinking-water 
pathway can be seen in Tables 4-1 and 4-2, which compare 90th and 50th percentile risks, 
respectively, for WMUs that are unlined, clay lined, and lined with composite liners from the 
1995 EPRI survey data (EPRI, 1997). At the 90th percentile, lined units produced lower risk 
estimates than unlined units for all constituents modeled. Composite liners produced very low to 
zero risk estimates as compared to clay liners for all constituents modeled for both landfills and 
surface impoundments. For surface impoundments, clay liners produced higher risk estimates for 
all constituents as compared to clay liners in landfills.  Similar trends are evident at the 50th 
percentile, where composite liners produced risk estimates of zero or near zero for all 
constituents for surface impoundments. 


Table 4-11 shows the frequency of each of the unit types in the 1995 EPRI survey data 
modeled in this analysis, and it compares these data with the unit type frequency in the more 
recent DOE/EPA study (U.S. DOE, 2006).  The 56 WMUs surveyed in the U.S. DOE 2006 study 
were commissioned between 1994 and 2004.  Although the actual number of WMUs that were 
established in that timeframe cannot be verified, based on proxy data (i.e., CCW available for 
disposal in those states with identified, new WMUs and coal-fired power plant generating 
capacity), the sample coverage is estimated to be at least between 61 and 63 percent of the total 
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population of the newly commissioned WMUs.6 With the exception of one landfill, the newly 
constructed facilities are all lined, with either clay, synthetic, or composite liners. The single 
unlined landfill identified in the recent DOE report receives bottom ash, which is characterized 
as an inert waste by the state, and therefore, a liner is not required. As Table 4-11 shows, there is 
a marked trend away from unlined WMUs in favor of lined units, with a distinct preference for 
synthetic or composite liners. Comparison of the 26 coal combustion plants in both the EPRI 
survey and the DOE/EPA survey (U.S. DOE, 2006) shows that although most of those facilities 
(17 of 26) were using unlined WMUs in 1995, all 26 are now placing wastes in new or expanded 
landfills or surface impoundments that are lined with clay, synthetic, or composite liners. 
However, it is likely that the older unlined units were closed with wastes in place, and that these 
wastes therefore still pose a threat through groundwater pathways. Also, the number of unlined 
unit that continue to operate in the United States cannot be determined from the available data. 


Table 4-11. Unit Types in EPRI Survey 


Liner Type Landfills 
Surface 


Impoundments 
1995 EPRI Surveya – 181 facilities  
Unlined 40% 68% 
Compacted clay 45% 27% 
Synthetic or composite 
(clay and synthetic) 16% 5% 


Total 100% 100% 
2004 DOE Surveyb – 56 Facilities 
Unlined 3% 0% 
Compacted clay 29% 17% 
Synthetic or composite 
(clay and synthetic) 68% 83% 


Total 100% 100% 
a  EPRI (1997) 
b  U.S.DOE (2006) 
 


As described in Sections 3.2.1 and 3.3.1, the characteristics of the liners used in the CCW 
risk were taken from the IWEM model as representative of the general performance of each liner 
type. For landfills, an engineered compacted clay liner (3 feet thick, with a hydraulic 
conductivity of 1 x 10-7 cm/s) reduced the 90th percentile risk by a factor of about 2 to 4 
compared to no liner, but did not change the constituents at or above the risk criteria (arsenic and 
thallium). For surface impoundments, clay liners did reduce the risk to just below the risk criteria 
for cobalt, lead, and selenium. 


Composite (clay and synthetic) liners, as modeled in this risk assessment (see 
Sections 3.2 and 3.3), were much more effective at reducing risk for all constituents; 90th (and 


                                                 
6  For additional details as to how these estimates were derived, the reader is referred to the DOE study, pages S-2 – 


S-3 of the Summary Section and Section 3.1.2.. 
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50th) percentile risks with composite liners for landfills were zero7
 for arsenic and metals  and 


very low or zero for nitrate/nitrite, and were well below the risk criteria for all constituents for 
surface impoundments.  The analysis used data collected for composite liner performance at 
industrial waste management facilities, including liner leakage rate for landfills and the number 
of liner perforations for surface impoundments (TetraTech, 2001). Because data on CCW liner 
leakage rates are not available, there is some uncertainty in applying these Industrial D liner 
performance data to CCW disposal units. Still, these rates do reflect actual performance data 
from liners under real WMUs, and they demonstrate that composite liners can be effective in 
reducing leaching from CCW WMUs and suggest that there will be a significant decrease in risk 
from CCW disposal if more facilities line their WMUs with composite liners. Information from 
the more recent DOE/EPA study (U.S. DOE, 2006) indicates that composite liners are much 
more prevalent in newly constructed facilities, so the risks from CCW disposal should be lower 
for newer CCW landfills and surface impoundments. 


4.1.5 Constituents Not Modeled in the Full-Scale Assessment 


As described in Section 2.1.1.2, resources did not allow full-scale modeling to be 
conducted for all 21 constituents that were above the screening criteria in the initial screening 
analysis; nine constituents that were judged to likely have generally lower risks to human health 
and ecological risks were not modeled in the full-scale risk assessment.8 Five of these chemicals 
(chromium, fluoride, manganese, vanadium, and nickel) had drinking water pathway HQs in the 
screening analysis ranging from 1 to less than 6 for surface impoundments, and three (chromium, 
fluoride, and vanadium) had screening HQs of 2 for landfills.  


To address these constituents, we developed surrogate risk attenuation factors by dividing 
the screening risk results by the full-scale risk results, across all unit types combined, for the 
constituents modeled in the full-scale assessment. This comparison was done only for the 
drinking water exposure pathway, the only human health exposure pathway for which the risks 
for these constituents were above the screening criteria. Table 4-12 shows the risk attenuation 
factor statistics for the modeled constituents, and Table 4-13 shows the results of applying the 
median and 10th percentile attenuation factors to the screening risk results for the marginal 
constituents. Differences in attenuation among the modeled constituents reflects differences in 
contaminant sorption and mobility. The 10th percentile attenuation factor was selected as a 
conservative value representing the more mobile constituents, such as arsenic, selenium, and 
molybdenum. The 50th percentile (or median) risk represents a central tendency value. 


For landfills, the risk attenuation factors ranged from 6 to 40, with the lower attenuation 
factors mainly representing the more mobile constituents (i.e., those with lower soil sorption 
potential). Both the median and 10th percentile risk attenuation factors were adequate to reduce 
risks for all nine constituents below an HQ of 1. 


                                                 
7  The absence of risk indicates that contaminant infiltration rates were too small for the contaminant plume to reach 


the receptor well during the 10,000 year period of the analysis. See Section 3.2.2 for a discussion of the empirical 
liner infiltration data used in this analysis. 


8 These constituents of marginal concern had no human health HQs greater than 6 and only one or no ecological 
HQs greater than 100. 
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For surface impoundments, risk attenuation factors were considerably lower, ranging 
from 1 to 9, reflecting higher contaminant mobility due to the higher hydraulic head in surface 
impoundments (as compared to landfills) and a lower proportion of liners.  For the same reason, 
the screening HQs for surface impoundments were higher than the landfill HQs.  As a result of 
this combination of higher HQs and lower risk attenuation factors, only the HQ for nickel was 
reduced to below 1 by applying the attenuation factors. The other constituents (chromium, 
fluoride, manganese, and vanadium) still show risks slightly above the risk criteria, with HQs 
ranging from 1.4 to 3.5. This is consistent with the general trend in this analysis of surface 
impoundments showing higher risks and more risks exceeding the risk criteria than CCW 
landfills. 


Table 4-12. Risk Attenuation Factora Statistics for Modeled Constituents— 
Groundwater to Drinking Water Pathway 


Statistic Landfill Surface Impoundment 
10th percentile 7 1.6 
50th percentile 12 2.6 
Average 16 3.3 
Maximum 40 9.3 
Number of data points 9 8 


a  The risk attenuation factor is the ratio of the full-scale analysis risk and 
screening analysis risk for a constituent modeled in the full-scale analysis. 


Table 4-13. Summary of Risk Results for Constituents Using Risk Attenuation Factors—
Groundwater-to-Drinking-Water Pathway  


 Landfill Surface Impoundment 


WMU/Pathway 
Screening 


HQ 


HQ with 
Median 


Attenuation 


HQ with 
10th 


Percentile 
Attenuation 


Screening 
HQ 


HQ with 
Median 


Attenuation 


HQ with 
10th 


Percentile 
Attenuation 


Chromium VI 2.3 0.2 0.3 4.2 1.6 2.6 


Fluoride 1.8 0.2 0.3 5.2 2.0 3.3 


Manganese 1 0.1 0.1 5.6 2.2 3.5 


Vanadium 2.2 0.2 0.3 2.3 0.9 1.4 


Nickel - - - 1.3 0.5 0.8 
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4.2  Ecological Risks 


EPA defines ecological risk characterization in terms of (1) the risk estimation, which 
integrates the exposure and stressor-response profile to estimate the likelihood of adverse 
ecological effects and (2) the risk description, which synthesizes the overall conclusion of the 
assessment and addresses assumptions, uncertainty, and limitations.  


For assessments that are based on a HQ approach, as this one is, the comparison of 
modeled exposure concentrations to CSCLs to estimate risk has a binary outcome: either the 
constituent concentration is above the environmental quality criteria (HQ greater than 1) or the 
concentration is below the criteria (HQ less than or equal to 1). For the full-scale analysis, an 
ecological HQ greater than 1 was selected by EPA as a criterion for decision making. Because 
the CSCLs were based on de minimis ecological effects, it is generally presumed that an HQ at 
or below 1 indicates a low potential for adverse ecological effects for those receptors included in 
the analysis for which data are available. However, it is important to recognize that although this 
method provides important insight into the potential for adverse ecological effects, the results are 
relevant only to those receptors that were included in the assessment and for which data were 
available. The results have limited utility in interpreting the ecological significance of predicted 
effects, and caution should be exercised in extrapolating to ecosystems (e.g., wetlands) and 
receptors (e.g., threatened and endangered species) not explicitly modeled.  


This section presents risk results for the two groundwater-to-surface-water ecological 
exposure pathways investigated in the full-scale analysis: (1) receptors exposed to CCW 
constituents in the water column (surface water receptors) and (2) receptors exposed to CCW 
constituents in bed sediment (sediment receptors). Results are presented for the two WMU types 
addressed in the analysis: landfills and surface impoundments. The ecological risk results are 
presented for all unit types combined and were not broken out separately for the different unit 
types.  


The ecological risk results suggest the potential for adverse ecological effects to aquatic 
systems from CCW releases into the subsurface and subsequent connection with surface waters, 
particularly for CCW managed in unlined surface impoundments. As with human health risks, 
the higher prevalence of liners in newer facilities should result in lower risks in current and 
future CCW disposal facilities than those presented in this risk assessment. 


4.2.1 Surface Water Receptors 


Table 4-14 presents the 90th and 50th percentile results for the groundwater-to-surface-
water pathway for surface water receptors for landfills and surface impoundments. For landfills, 
only boron (200) and lead (4) show HQs above the risk criteria at the 90th percentile. For surface 
impoundments, boron (2000), lead (20), arsenic (10), selenium (10), cobalt (5), and barium (2) 
showed 90th percentile risks above the risk criteria.  The 50th percentile results are well below 
an HQ of 1 for landfills and only exceed an HQ of 1 for boron (4) in surface impoundments. 


The difference in the number and magnitude of HQs that exceed the risk criterion 
between landfills and surface impoundments is likely the result of higher CCW constituent 
concentrations in surface impoundment porewater and the greater flux of contaminants to 
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groundwater predicted during the active life of the surface impoundment. As discussed in 
Section 4.1, the higher infiltration rates for surface impoundments result from a higher hydraulic 
head in the impoundment and a higher proportion of unlined surface impoundments than 
landfills. 


Table 4-14. Summary of Full-Scale CCW Ecological Risk Results:  
Groundwater-to-Surface-Water Pathway, Aquatic Receptorsa 


Chemical 
90th Percentile 


HQ 
50th Percentile 


HQ Pathway Receptor 
Landfills 
Boron 200 0.04 direct contact aquatic biota 
Lead 4 2E-08 ingestion river otter 
Selenium 1 3E-04 direct contact aquatic biota 
Arsenic 0.7 9E-10 direct contact aquatic biota 
Barium 0.8 3E-18 direct contact aquatic biota 
Cadmium 0.3 3E-05 direct contact aquatic biota 
Aluminum 0.008 1E-09 direct contact aquatic biota 
Surface Impoundments 
Boron 2000 4 direct contact aquatic biota 
Lead 20 0.02 ingestion river otter 
Arsenic 10 0.01 direct contact aquatic biota 
Selenium 10 0.02 direct contact aquatic biota 
Cobalt 5 0.007 direct contact aquatic biota 
Barium 2 0.003 direct contact aquatic biota 
Cadmium 1 0.004 direct contact aquatic biota 
Aluminum 0.02 0.0003 direct contact aquatic biota 
a  Zero results indicate that contaminant infiltration rates were too small for the 


contaminant plume to reach the receptor during the 10,000 year period of the analysis. 
 


 


4.2.2 Sediment Receptors 


Table 4-15 presents the 90th and 50th percentile results of the ground-water-to-surface-
water pathway for sediment receptors for landfills and surface impoundments. For landfills, lead, 
(20), arsenic (6), and cadmium (2) show 90th percentile risks above the risk criteria. For surface 
impoundments, lead (200), arsenic (100), and cadmium (20) showed 90th percentile risks above 
the risk criteria. Although cadmium was not above the risk criterion in surface water, it did have 
an HQ of 20 in sediments at the 90th percentile. None of the constituents modeled showed 
sediment risks at or above the risk criteria at the 50th percentile. 
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Table 4-15. Summary of Full-Scale CCW Ecological Risk Results:  
Groundwater-to-Surface-Water Pathway, Sediment Receptorsa 


Chemical 
90th Percentile 


HQ 
50th Percentile 


HQ Pathway Receptor 


Landfills 
Lead 20 3E-08 ingestion spotted sandpiper 
Arsenic 6  7E-04 ingestion spotted sandpiper 
Cadmium 2 6E-05 direct contact sediment biota 
Antimony 0.9 4E-05 direct contact sediment biota 
Molybdenum 0.05 1E-05 ingestion spotted sandpiper 
Barium 0.002  6E-21 ingestion spotted sandpiper 
Surface Impoundments  
Lead 200 0.05 ingestion spotted sandpiper 
Arsenic 100  0.2 ingestion spotted sandpiper 
Cadmium 20 0.009 direct contact sediment biota 
Molybdenum 0.7 0.002 ingestion spotted sandpiper 
Barium 0.007  8E-06 ingestion spotted sandpiper 
a Zero results indicate that contaminant infiltration rates were too small for the contaminant 


plume to reach the receptor during the 10,000 year period of the analysis. 


 


4.2.3 Constituents Not Modeled in the Full-Scale Assessment 


As described in Section 2.1.1.2, resources did not allow full-scale modeling to be 
conducted for 6 constituents with generally lower risks to ecological receptors.9 These chemicals 
(chromium, vanadium, beryllium, copper, silver, and zinc), had surface water pathway HQs in 
the screening analysis ranging from 16 to 110 for landfills, and four (chromium, vanadium, 
copper, and silver) had screening HQs ranging from 14 to 33 for surface impoundments.  


These constituents were addressed using risk attenuation factors developed by dividing 
the screening risk results by the full-scale risk results for the constituents modeled in the full-
scale assessment. Tables 4-16 and 4-17 show the results of this comparison for the surface water 
ecological risk exposure pathway. Table 4-16 shows the risk attenuation factors for the modeled 
constituents, and Table 4-17 shows the results of applying the median (central tendency) and 
10th percentile (conservative) attenuation factors to the screening risk results for constituents 
that were not modeled.  


For landfills, the risk attenuation factors ranged from 50 to 2,000. Both the median and 
10th percentile risk attenuation factors were adequate to reduce risks to an HQ below 1 for all 
constituents except for silver. Although silver shows an HQ of 1.5 using the 10th percentile 


                                                 
9 These constituents had only one or no ecological HQs greater than 100. 
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attenuation factor, silver’s low mobility would probably result in a higher attenuation factor (i.e., 
at the median or greater). 


For surface impoundments, risk attenuation factors ranged from 7 to 64, reflecting higher 
contaminant mobility from the higher hydraulic head in the surface impoundments and a lower 
prevalence of liners (compared to landfills). HQs were reduced below 1 for all four unmodeled 
constituents with the median attenuation factor (38), and the HQ for silver was reduced to 0.8 by 
applying the 10th percentile attenuation factor (17). The other three constituents (chromium, 
vanadium, and copper) show risks only slightly above the risk criteria with the10th percentile 
attenuation (HQs ranging from 1.4 to 1.9). It is unlikely that these results represent true risks 
above the risk criteria: vanadium and copper are likely less mobile than the 10th percentile 
attenuation factor reflects (thus the true risk is likely lower), and the risks for chromium are 
based on the highly conservative assumption of 100 percent hexavalent chromium. 


Table 4-16. Risk Attenuation Factora Statistics for Modeled Constituents— 
Ecological Risk, Surface Water Pathway 


Statistic Landfill Surface Impoundment 
10th percentile 75  17  
50th percentile 178  38  
Average 483  38  
Maximum 2,000  64  
Number of data points 6  7  
a The risk attenuation factor is the ratio of the full-scale analysis risk and screening 


analysis risk for a constituent modeled in the full-scale analysis. 


Table 4-17. Summary of Risk Results Using Risk Attenuation Factors— 
Ecological Risk, Surface Water Pathway 


 Landfill Surface Impoundment 


WMU/Pathway 
Screening 


HQ 


HQ with 
Median 


Attenuation 


HQ with 10th 
Percentile 


Attenuation 
Screening 


HQ 


HQ with 
Median 


Attenuation 


HQ with 10th 
Percentile 


Attenuation 


Chromium VI 18 0.1 0.2 33 0.9 1.9 


Vanadium 23 0.1 0.3 24 0.6 1.4 


Beryllium 24 0.1 0.3 - - - 


Copper 16 0.09 0.2 31 0.8 1.8 


Silver 110 0.6 1.5 14 0.4 0.8 


Zinc 16 0.09 0.2 - - - 
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4.3 Sensitivity Analysis 


EPA conducted a sensitivity analysis on the probabilistic risk assessment to determine 
which model inputs were most important to risk, which in turn will help focus additional 
analyses or data collection efforts on the most important drivers of risk, and help identify the 
important factors to consider when evaluating regulatory and management options for CCW. The 
sensitivity analysis also can help identify parameters that are both sensitive and highly uncertain, 
which affects the confidence in the results. This sensitivity analysis used a response-surface 
regression method that derives a statistical model for risk (as the dependent variable) based on 
the input parameters from the probabilistic analysis (as independent variables).  


Environmental concentration (rather than risk) was chosen as the dependent variable for 
the sensitivity analysis because (1) there is a direct, linear relationship between environmental 
concentrations and risks and (2) the additional inputs used to calculate risk from environmental 
concentration (i.e., exposure factors, such as body weight, ingestion rates) are lifestyle variables 
that are not amenable to regulation to reduce or manage risk. Furthermore, these variables have 
well-established, peer-reviewed, national distributions, which are regularly used in the 
probabilistic national risk analyses conducted by EPA. Therefore, the contribution of the 
exposure factors to the variability in risk is not particularly useful for the purposes of the 
sensitivity analysis: to help direct additional analyses in support of developing CCW regulatory 
options, to help focus any future data collection efforts on the most sensitive variables, or to 
better understand sources of uncertainty in the CCW risk results.  


The outputs from the sensitivity analysis are the goodness-of-fit values for the regression 
models and the relative importance of each input parameter in determining environmental 
concentrations across different WMU, waste type, and constituent scenarios. The goodness-of-fit 
values of the regression models were moderate to very good for the drinking water pathway 
(R2=0.53–0.90) and good to very good for fish consumption (R2=0.76–0.90). In general, the 
drinking water pathway had a larger number of input parameters that were significant (seven) 
than the fish consumption pathway (three). The most sensitive parameters for most (over 75 
percent) of the drinking water scenarios10 evaluated were parameters impacting groundwater 
flow: 


 Infiltration rate within the WMU footprint 


 Leachate concentration from the WMU 


 Aquifer hydraulic conductivity and gradient (i.e., groundwater velocity). 


For strongly sorbing contaminants (i.e., metals with high soil/water partition 
coefficients), sorption and travel time parameters become more important, including 


 Adsorption isotherm coefficient 


 Depth to groundwater 


 Receptor well distance. 


                                                 
10 Scenarios represent unique combinations of WMU, waste type, chemical, exposure pathway, and receptor. 
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For the fish consumption pathway, only three variables were consistently significant 
across scenarios: 


 Infiltration rate within the WMU footprint 


 Leachate concentration from the WMU 


 Waterbody flow rate. 


Additional detail on how the CCW sensitivity analysis was conducted can be found in 
U.S. EPA (2005). In terms of the model inputs, the sensitivity analysis found that the most 
consistent drivers of the risk results are constituent concentration in waste leachate (i.e., the 
source term for the risk assessment and infiltration rate through the WMU), which is largely 
controlled by the liner conditions and, to a lesser extent, soil type and (for landfills only) 
precipitation. These variables and their uncertainties are discussed in the following section.  


4.4 Variability and Uncertainty 


Variability and uncertainty are different 
conceptually in their relevance to a probabilistic risk 
assessment. Variability represents true heterogeneity 
in characteristics, such as body weight differences 
within a population or differences in pollutant levels 
in the environment. It accounts for the distribution of 
risk within the exposed population. Although 
variability may be known with great certainty (e.g., 
age distribution of a population may be known and 
represented by the mean age and its standard 
deviation), it cannot be eliminated and needs to be 
treated explicitly in the assessment. Uncertainty is a description of the imperfection in 
knowledge of the true value of a particular parameter. In contrast to variability, uncertainty can 
be reduced through additional information-gathering or analysis (i.e., better data, better models). 
EPA typically classifies the major areas of uncertainty in risk assessments as scenario 
uncertainty, model uncertainty, and parameter uncertainty. Scenario uncertainty refers to missing 
or incomplete information needed to fully define exposure and dose. Model uncertainty is a 
measure of how well the model simulates reality. Parameter uncertainty is the lack of knowledge 
regarding the true value of a parameter used in the assessment.  


Uncertainty and variability can be addressed two ways:  


 By varying parameter values in a probabilistic assessment such as a Monte Carlo analysis 


 By comparing the data or results to other data or other studies such as damage cases or 
alternative results based on different assumptions. 


In planning this assessment, we addressed as much of the variability as possible, either 
directly in the Monte Carlo analysis or through aggregation of the data into discrete elements of 
the analysis. For example, spatial variability in soil, aquifer, and climate data is accounted for by 
using distributions for soil and aquifer properties around the facility when the actual 


Variability arises from true heterogeneity in 
characteristics, such as body weight 
differences within a population or differences 
in contaminant levels in the environment. 
 
Uncertainty represents a lack of knowledge 
about factors such as the nature of adverse 
effects from exposure to constituents, which 
may be reduced with additional research to 
improve data or models. 
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environmental characteristics around a WMU are uncertain. Conversely, variability in waste 
leachate concentrations was represented by a national database of CCW constituent 
concentrations from disposal sites around the country. These data were aggregated by waste and 
WMU types that were defined by statistically significant differences in concentration. Variability 
in human exposure factors (e.g., body weight, ingestion rates) was accounted for using national 
distributions that represent the range of possible values.  


Because CCW is generated nationwide, its disposal may occur anywhere in the United 
States. Thus, this assessment characterized environmental conditions that influence the fate and 
transport of constituents in the environment using site-specific data collected around coal-fired 
power plants with onsite CCW disposal facilities. Spatial variability in environmental setting 
was accounted for by the site-to-site variables for the 181 CCW disposal sites modeled in the 
analysis using 41 different climate regions and 9 different resources regions throughout the 
contiguous 48 states. 


In summary, a distribution of exposures was developed that includes specific 
consideration of the variability in the following sensitive model parameters 


 WMU characteristics, in particular liner type (which strongly influences infiltration rate) 


 CCW constituent concentrations in waste leachate 


 Distance to nearest well  


 Site-specific environmental conditions (especially groundwater flow conditions)  


 Human exposure factors. 


Uncertainty also was considered in the analysis by using reasonable ranges and 
distributions when variables were not known exactly. For example, when a soil texture or 
groundwater flow conditions could not be precisely assigned at a site, multiple soil types or 
hydrogeologic environments would be sampled based on the soil and aquifer types that are likely 
to be present at the site.  


The treatment of variability and uncertainty in model parameters using a Monte Carlo 
simulation forms the basis for the national exposure distributions used in this analysis to estimate 
risk. Previous sections of this document describe how we generated distributions and estimated 
input parameter values and then used these values in models to estimate risk. The discussion in 
this section focuses on how this treatment of variability and uncertainty affects the analysis 
results and on various comparisons we performed on the results or critical input data to evaluate 
uncertainty. 


4.4.1 Scenario Uncertainty 


Sources of scenario uncertainty include the assumptions and modeling decisions that are 
made to represent an exposure scenario. Because this risk assessment attempts to characterize 
current conditions by estimating risks from actual CCW disposal sites across the country, it is 
subject to less scenario uncertainty than risk assessments that rely on hypothetical conceptual 
models. However, certain aspects of the scenario are uncertain.  
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CCW Management Unit Data. The landfills and surface impoundments modeled in this 
risk assessment were placed, sized, and lined according to data from the 1995 EPRI survey 
(EPRI, 1997). New data collected by EPA and DOE since this risk assessment was conducted 
(U.S. DOE, 2006) indicate that liners are much more prevalent in WMUs constructed or 
expanded from 1994 through 2004 than in units in place before that. This suggests that the risks 
may be lower for future CCW disposal facilities (although most of the unlined WMUs have been 
closed with wastes remaining in the units).  


Liner-related questions are especially important because liner configurations greatly 
influence infiltration rates, one of the most sensitive parameters in the risk assessment. In terms 
of risks through groundwater pathways, this risk assessment has shown that liners, in particular 
composite (combined clay and synthetic) liners, can limit risks through subsurface exposure 
pathway, and the DOE/EPA survey shows that liners are more prevalent in newly constructed 
WMUs and WMU expansions. Although the DOE/EPA survey does not shed light on how many 
unlined facilities are still operating today, it does indicate that more units are lined today than 
were in the 1995 EPRI survey data set on which this risk assessment is based.  


Receptor Populations Evaluated. The human receptors evaluated for the CCW risk 
analysis are a family with children residing near the CCW disposal facility, drinking from a 
private well screened in a surficial aquifer or eating fish caught from a nearby stream or lake 
impacted by CCW leachate. Additionally, except for a 15-day vacation, it is assumed that adults 
and children are exposed daily and that the private well is the only source of drinking water. 
Although it is possible for other types of individuals to be exposed, the use of the resident adult 
and child as protective of other receptors and pathways is a conservative, simplifying assumption 
of the analysis. The lack of information to define and model actual exposure conditions also 
introduces uncertainty into this assessment, but EPA believes that the national distribution of 
exposure factors used is appropriate for a national assessment. 


Additive Risks Across Pathways. The human receptors evaluated in the CCW risk 
assessment are assumed not to consume both contaminated fish and drinking water. Although 
this could potentially miss some higher exposures for a maximally exposed individual, analysis 
of the individual pathway results does not indicate that adding such risks would significantly 
change the conclusions of this risk assessment in terms of the constituents and exceeding the risk 
criteria. 


Co-Occurrence of Ecological Receptors and Constituents. As a simplification for 
national-scale analyses in the absence of site-based data, co-occurrence of the ecological 
receptors and the constituents of concern is typically assumed. However, the prior probability 
that a receptor will be found in waterbodies affected by constituent releases from CCW WMUs 
is not known, nor is it known whether a receptor will forage for food in contaminated areas or if 
those areas do, in fact, support the type of habitat needed by the receptor. Although the 
assumption of co-occurrence was necessary for this analysis, relatively few field studies are 
available to demonstrate the relationship between adverse ecological effects and constituent 
releases from CCW as it is currently managed. 
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Ecosystems and Receptors at Risk. One of the most intractable problems in conducting 
a predictive ecological risk assessment intended to reflect risks at a national scale is evaluating 
all of the receptors and ecosystems at risk. In Wastes from the Combustion of Coal by Electric 
Utility Power Plants - Report to Congress (U.S. EPA, 1988b), the authors pointed out that plants 
or animals of concern were located within a 5-km radius of the CCW WMUs at 12 to 32 percent 
of the sites. Although these figures are of limited spatial resolution, they suggest the possibility 
that threatened and endangered species or critical habitats may be at risk from CCW 
constituents. Examples of other critical assessment endpoints not evaluated in this analysis 
include the following: 


 Managed Lands: Because ecosystem degradation is proceeding at an unprecedented 
rate, and because protected lands play a critical role in preserving plant and animal 
species, managed areas in the United States represent well-recognized ecological values. 
Managed lands refer to a variety of lands designated by the federal government as worthy 
of protection, including National Wildlife Refuges, National Forests, Wilderness areas, 
and National Recreation areas. 


 Critical Habitats: Although critical habitats may be defined in a number of ways (e.g., 
presence of threatened species, decreasing habitat area), wetlands are widely recognized 
as serving critical ecological functions (e.g., maintenance of water quality). The U.S. Fish 
and Wildlife Service estimates that approximately 45 percent of the Nation’s threatened 
and endangered species directly depend on aquatic and wetland habitats. Consequently, 
impacts of chemical stressors on wetland habitats may have high ecological (and societal) 
significance. The presence of critical habitats such as wetlands is also used to inform the 
selection of ecological receptors (e.g., amphibians, waterfowl) and the construction of 
appropriate food webs. 


 Threatened and Endangered Species: For most ecological risk assessments of chemical 
stressors, available data on toxicity and biological uptake are sufficient to support the 
evaluation of effects on representative species populations or generalized communities 
(e.g., aquatic community). However, despite their obvious value, threatened and 
endangered species are frequently excluded from the analytical framework for national 
rulemakings. The assessment of threatened and endangered species requires a site-based 
approach in which locations, habitats, and species of concern are identified and 
characterized with respect to the spatial scale of constituent releases. 


4.4.2 Model Uncertainty 


Model uncertainty is associated with all models used in a risk assessment because models 
and their mathematical expressions are simplifications of reality that are used to approximate 
real-world conditions and processes and their relationships. Computer models are simplifications 
of reality, requiring exclusion of some variables that influence predictions but that cannot be 
included in models either because of their complexity or because data are lacking on a particular 
parameter. Models do not include all parameters or equations necessary to express reality 
because of the inherent complexity of the natural environment and the lack of sufficient data to 
describe the natural environment. Because this is a probabilistic assessment that predicts what 
may occur with the management of CCW under actual scenarios, it is possible to compare the 
results of these models to specific situations. 
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The risk assessor needs to consider the importance of excluded variables on a case-by-
case basis because a given variable may be important in some instances and not important in 
others. A similar problem can occur when a model that is applicable under one set of conditions 
is used for a different set of conditions. In addition, in some instances, choosing the correct 
model form is difficult when conflicting theories seem to explain a phenomenon equally well. In 
other instances, EPA does not have established model forms from which to choose to address 
certain phenomena, such as facilitated groundwater transport.  


Models used in this analysis were selected based on science, policy, and professional 
judgment. These models were selected because they provide the information needed for this 
assessment and because they are generally considered to reflect the state of the science. Even 
though the models used in this analysis are used widely and have been accepted for numerous 
applications, they each retain significant sources of uncertainty. These limitations are well 
documented in the model development references cited in Section 3.  


Although the sources of model uncertainty in this assessment could result in either an 
overestimation or an underestimation of risk, the models employed in this assessment have been 
developed over many years to support regulatory applications. As a result they have been 
designed to be protective towards the impacted populations that they represent. In other words, 
where simplifying assumptions are necessary, the assumptions are made in a way that will not 
underestimate risk. 


Arsenic Speciation. Because the models used in this assessment do not speciate metals 
during soil or groundwater transport, arsenic speciation in the subsurface is a significant 
groundwater modeling uncertainty in this analysis. Arsenic can occur in either a +3 (arsenic III) 
or +5 (arsenic V) oxidation state in groundwater, with arsenic III being the more mobile form. 
Because the soil and groundwater models assume one form for each model run, the risk results 
presented for arsenic are based on arsenic III, which is a conservative, protective assumption 
(i.e., arsenic III has higher risks than arsenic V). Although arsenic is generally thought to occur 
in the +3 form in leachate, there is evidence from damage cases at CCW disposal sites that 
suggests that arsenic III is rapidly converted to arsenic V during subsurface transport, with the 
result that drinking water standards are rarely exceeded in offsite groundwater in spite of high 
landfill leachate concentrations (see, for example, U.S. EPA, 2000; U.S. EPA, 2003e; Lang and 
Schlictmann, 2004; Zillmer and Fauble, 2004). To address this uncertainty (i.e., how much an 
arsenic III assumption might overpredict offsite well concentrations) the models were run 
assuming arsenic V as the arsenic species in soil and groundwater. Figure 4-4 compares the risk 
results for arsenic III and arsenic V. Arsenic V has lower risks than arsenic III by about a factor 
of two, but the 90th percentile risks are still above risk criteria.  


Bioavailability of Constituents to Ecological Receptors. For the purposes of this 
analysis, the model assumes that all forms of a constituent are equally bioavailable to ecological 
receptors, and therefore, the actual exposures that may occur in the field tend to be 
overestimated, thus making this a protective assumption. Both the chemical form and the 
environmental conditions influence bioavailability and ultimately the expression of adverse 
effects. For example, as discussed above, the form of arsenic has been shown to profoundly 
influence mobility and toxicity.  







Section 4.0 Risk Characterization 


Draft EPA document. Do not cite or quote. 4-31 


 


1 10 100 1000


Landfills


Surface
Impoundments


90th Percentile Human Health Risk / Risk Criterion


Arsenic III (cancer) Arsenic V (cancer)
 


Figure 4-4. Comparison of risk results for arsenic III and arsenic V (based on results for all 
units combined). 


Multiple Constituent Exposures to Receptors. The risk from each constituent was 
considered separately in this analysis. However, the waste concentration data on CCWs (as well 
as recent field studies such as U.S. EPA, 2006) suggest that exposure to multiple constituents is 
highly likely. The synergism or antagonism between different constituent combinations may 
elicit unexpected adverse impacts to humans and ecosystems. Hence, a single-constituent 
analysis may underestimate risks associated with multiple chemical stressors. 


4.4.3 Parameter Uncertainty and Variability 


Parameter uncertainty occurs when (1) there is a lack of data about the values used in the 
equations, (2) the data that are available are not representative of the particular instance being 
modeled, or (3) parameter values have not been measured precisely or accurately because of 
limitations in measurement technology. Random, or sample, errors are a common source of 
parameter uncertainty that is especially critical for small sample sizes, as illustrated by the FBC 
waste results discussed in Section 4.1.3.2. More difficult to recognize and address are 
nonrandom or systematic errors that can bias the analyses from sampling errors, faulty 
experimental designs, or bad assumptions.  


Spatial and temporal variability in parameters used to model exposure account for the 
distribution in the exposed population. For example, the rainfall or precipitation rates used to 
calculate infiltration and recharge to groundwater are measured daily by the National Weather 
Service at many locations throughout the United States, and statistics about these parameters are 
well documented. Although the distributions of these parameters may be well known, their actual 
values vary spatially and temporally and cannot be predicted exactly. Thus, the annual average 
infiltration rates used in the source model for a particular climate station will provide 
information on average conditions appropriate for this analysis. Additionally, using data from 
multiple climate stations located throughout the United States can account for some, but not all, 
spatial variability. 
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4.4.3.1 Waste Concentrations 


The CCW constituent database used to represent CCW total waste and waste leachate 
concentrations is arguably the most important data set in terms of driving the risk assessment 
results. The constituent data are subject to two primary uncertainties beyond the normal 
sampling and analysis uncertainty associated with environmental measurements: (1) the 
appropriateness of the landfill leachate data used in the analysis and (2) high percentages of 
nondetect analyses for some CCW constituents. 


Appropriateness of Leachate Data. The CCW leachate data were collected from a 
varying number of sites using a variety of methods. The available landfill data are largely 
derived from the TCLP, a laboratory test designed to estimate leachate concentrations in 
municipal solid waste (MSW) landfills. The TCLP has been shown to both over and underpredict 
leachate concentrations for other waste disposal scenarios, so the use of the TCLP data to 
represent CCW leachate is another source of uncertainty.  However, as noted below, this does 
not appear to be a significant source of uncertainty for this analysis.  


Surface impoundment leachate is represented by porewater data taken beneath actual 
impoundments, but although these data arguably should better represent leachate concentrations, 
they are fewer in number than the landfill data and therefore subject to uncertainty as to how 
representative they are of all CCW wastes. Antimony, cobalt, mercury, and thallium are 
represented by one to only a few sites and only a few measurements, and results associated with 
these metals should be interpreted with caution. Results for surface impoundments for antimony, 
mercury, and thallium are not presented due to the paucity of leachate data (1 or 2 sites, and 11 
or fewer values). 


Since the CCW risk assessment was been conducted in 2003, EPA-sponsored research 
conducted by Vanderbilt University has improved the scientific understanding of the generation 
of leachate from CCW, in particular for mercury, arsenic, and selenium (U.S. EPA, 2006). 
Figure 4-5 plots the results from this study for arsenic and selenium, along with data from EPA’s 
Leach2000 database and EPRI (as provided in U.S. EPA, 2006), against the data used for 
landfills and surface impoundments used in the CCW analysis. For the Vanderbilt leaching 
study, data are provided for each ash tested, with the minimum, maximum, and value at natural 
pH plotted on the chart. Percentile values (95th, 50th, 5th) are plotted for the compiled data sets 
(EPA, EPRI, and CCW), and mercury is not modeled for landfills because of a high number of 
nondetects. 


For arsenic, the CCW values bracket the range found in the other studies. Selenium 
values also agree fairly well for CCW landfill data, although the CCW landfill values appear to 
be lower than some of the values from the other studies, suggesting that selenium risks may be 
somewhat underestimated for landfills in this analysis. This is significant even though selenium 
risks from landfills were not above the risk criteria in this analysis, because selenium is often 
reported as a constituent of concern (along with arsenic and boron) in CCW damage cases (U.S. 
EPA, 2000; U.S. EPA, 2003e; Lang and Schlictmann, 2004; Zillmer and Fauble, 2004). 
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 Key to data sets: 
 Vanderbilt = U.S. EPA (2006) 
 CCW = CCW Constituent Database (this analysis) 
 EPRI = EPRI Leachate data (from U.S. EPA, 2006) 
 EPA = Leach 2000 data (from U.S. EPA, 2000) 
 LF = landfills 
 SI = surface impoundments 


Figure 4-5. Comparison of CCW leachate data with other leachate data. 
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Although the Vanderbilt Study does not cover all of the metals addressed in the CCW 
analysis, its general agreement with the CCW arsenic and selenium levels does help allay 
concerns that the TCLP CCW leachate values used in the analysis markedly overestimate or 
underestimate the concentrations actual CCW leachate.  


Mercury and Nondetect Analyses. For certain of the CCW constituents addressed in 
this analysis, the CCW leachate database contains a large number of nondetect measurements 
(concentrations below an analytical instrument’s ability to measure). Table 4-18 illustrates this 
point by showing, by WMU type and chemical, the overall percent of nondetect values for each 
chemical and the percent of site-averaged values11 that are composed entirely of nondetect 
measurements. Constituents that could not be addressed in this analysis because of a high 
number of nondetects include mercury (for landfills and surface impoundments) and thallium, 
antimony, and cobalt (for surface impoundments only). Mercury is of particular interest because 
it is the only constituent with significant concern through the fish consumption pathway, and 
because there is the potential for mercury concentrations in CCW to increase as flue gas mercury 
controls are installed on coal-fired power plants in response to the Clean Air Interstate Rule 
(CAIR) and the Clean Air Mercury Rule (CAMR). 


Recent work by Vanderbilt University (U.S. EPA, 2006) sheds some light on mercury 
concentrations in leachate from some CCWs. Figure 4-6 plots the CCW distribution of mercury 
concentrations (assuming half the detection limit for mercury values below detection) against 
results from the Vanderbilt work and recent data collected by EPRI (U.S. EPA, 2006). Assuming 
half the detection limit, the CCW mercury leachate values are about an order of magnitude or 
more higher than the Vanderbilt or EPRI data. With a single CCW leachate analysis available for 
surface impoundments, it is difficult to draw firm conclusions, but the concentration value, 
which corresponds to a 90th percentile HQ of 20, is above the maximum value shown in the 
other studies. In short, the mercury levels in the CCW database are not useful because of high 
detection limits. In addition, the Vanderbilt study found that older mercury analyses, like the 
ones in the CCW database, could be biased high because of cross-contamination issues.  


Finally, U.S. EPA (2006) and preliminary results of ongoing EPA studies suggest that 
both mercury levels and mercury leachability in CCW can vary depending on the flue gas 
mercury controls used at a power plant. Additional work is underway in this area. 


                                                 
11 As explained in Appendix A, the CCW risk assessment uses site-averaged constituent concentrations. That is, an 


average value was used when there were multiple measurements for a chemical at a particular site. 
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Table 4-18. Proportion of Nondetect Analyses for Modeled CCW Constituents  


Measurements Sites 


Chemical Number % nondetects Number 
% with all 
nondetects 


Landfills 
Aluminum 397 18% 61 5% 
Antimony 496 50% 66 41% 
Arsenic 1182 49% 128 20% 
Barium 1225 11% 126 5% 
Boron 930 8% 83 2% 
Cadmium 1237 50% 124 31% 
Cobalt 559 56% 52 19% 
Lead 1109 60% 125 30% 
Mercury 974 91% 101 58% 
Molybdenum 373 24% 58 10% 
Nitrate/Nitrite 141 48% 20 15% 
Selenium 1227 49% 131 17% 
Thallium 402 60% 40 45% 
Surface Impoundments 
Aluminum 158 10% 16 6% 
Antimony 11 100% 2 100% 
Arsenic 155 16% 16 6% 
Barium 161 14% 16 13% 
Boron 164 7% 171 6% 
Cadmium 164 68% 16 50% 
Cobalt 49 59% 4 50% 
Lead 138 78% 14 36% 
Mercury 1 100% 1 100% 
Molybdenum 161 37% 17 24% 
Nitrate/Nitrite 267 59% 14 7% 
Selenium 140 33% 15 20% 
Thallium 11 100% 2 100% 
Results for constituents shown in bold italics were not presented in this report because of high 
detection limits or limited data. 







Section 4.0 Risk Characterization 


Draft EPA document. Do not cite or quote. 4-36 


Mercury


0.0000001


0.000001


0.00001


0.0001


0.001


0.01


0.1


Brayton
Point


Pleasant
Prairie


Salem
Harbor


Facility C St. Clair
Facility


Facility L CCW -
LF


EPRI -
LF


CCW -
SI


EPRI - SI


Vanderbilt Study                                         Other Data Sets


H
g 


(m
g/


L)


max


Natural 
pH
min


95th %


50th %


5th %


 
 Key to data sets: 
 Vanderbilt = U.S. EPA (2006) 
 CCW = CC Constituent Database (this analysis) 
 EPRI = EPRI Leachate data (from U.S. EPA, 2006) 
 EPA = Leach 2000 data (from U.S. EPA, 2000) 
 LF = landfills 
 SI = surface impoundments 


Figure 4-6. CCW mercury concentrations compared with other leachate data. 


4.4.3.2 WMU Locations and Characteristics 


The locations of the specific sites in the United States where CCW is disposed are 
known, and EPA used the soil and climatic characteristics of these sites in the Monte Carlo 
analysis. Because most locations were facility front gates or centroids, the exact location of the 
CCW landfill or surface impoundment was not known. To account for this uncertainty, soil data 
were collected for an area around the plant and soil type distributions were sampled in the Monte 
Carlo analysis. Climate center assignments were combined with the soil texture distributions to 
select infiltration and recharge rates to use in the analysis. 


WMU area, depth, volume, and liner type were not varied in the Monte Carlo analysis 
because values for these variables were known from the EPRI survey data. More uncertain 
parameters, like depth below grade, were varied within reasonable ranges. These data were used 
in the source model calculations to generate the distribution of environmental releases used by 
the fate and transport modeling. 


Three standard WMU liner scenarios (clay, composite, and unlined) were assigned to 
each facility based on best matches to data in the EPRI survey on liner type. Infiltration through 
these liners was then modeled using assumptions, models, and data developed in support of 
EPA’s Industrial Subtitle D guidance. How well these assumptions and models represent the 
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performance of CCW WMU landfills and surface impoundments is an uncertainty in this 
analysis. 


4.4.3.3 Fate and Transport Model Variables 


The parameter values required to model contaminant fate and transport in groundwater 
were obtained from site-specific, regional, and national databases. Hydrogeologic environment 
was assigned to each site, based on geologic maps and soil conditions; where assignments were 
uncertain, two or three settings might be used in the Monte Carlo analysis. Because aquifer 
properties are highly variable and uncertain, reasonable sets of aquifer properties were selected, 
based on hydrogeologic environment, from a hydrogeologic database.  


Receptor Location (Drinking Water Wells). The sensitivity analysis (Section 4.3) 
showed that distance of a receptor from the contaminant source is an important influence on 
media concentration, especially for contaminants that strongly sorb to soil and aquifer materials. 
For the groundwater-to-drinking-water pathway, receptor location was represented as the 
distance and position, relative to a contaminant plume, of residential drinking water wells from 
the WMU. Because no data were readily available on the distance of CCW disposal sites from 
residential wells, EPA used data from a survey of well distances from MSW landfills. Whether 
or not this is an accurate representation of well distance for CCW landfills and surface 
impoundment is one of the larger uncertainties in this analysis. EPA believes that the MSW well 
distance distribution used is protective for CCW landfills and surface impoundments. 


Location and Characteristics of Waterbodies. One aspect of the site configuration of 
particular relevance to the aquatic food chain modeling is the locations and characteristics of the 
waterbodies. The size of the waterbodies (and the distance from the WMU) affects constituent 
concentrations and loadings predicted for that waterbody. The location of the waterbody was 
based on an empirical distribution of measurements, taken from actual CCW sites, of the 
distance from the edge of the WMU to the nearest stream or lake. The uncertainty posed in this 
analysis is the sampling of this distribution as compared to a more certain measurement of the 
actual distance at each CCW site. Surface water variables, including flow and water quality 
parameters, were collected for the stream reach being modeled, or for a larger hydrologic region 
where data were not available for a particular reach.  


Environmental Parameters. Uncertainties related to environmental parameters (soil, 
aquifer, surface water, climate data) have already been mentioned. The parameters with the 
largest impact on results are aquifer hydraulic conductivity and gradient, which are selected from 
a national database of aquifer properties.  


Fish Bioconcentration and Bioaccumulation Factors. For fish consumption, exposure 
dose is calculated using BCFs to estimate the transfer of pollutants from environmental media 
into fish. Uncertainty is associated with models used to estimate BCFs for aquatic biota. The 
aquatic BCFs were developed based on total surface water concentrations and concentrations in 
aquatic biota. 







Section 4.0 Risk Characterization 


Draft EPA document. Do not cite or quote. 4-38 


4.4.3.4 Exposure and Risk Modeling Variables 


Exposure parameters and benchmarks for human and ecological risk also contribute to 
parameter variability and uncertainty. 


Human Exposure Factors. Individual physical characteristics, activities, and behavior 
are quite different, and thus the exposure factors that influence the exposure of an individual, 
including ingestion rate, body weight, and exposure duration, are quite variable. Exposure 
modeling relies heavily on default assumptions concerning population activity patterns, mobility, 
dietary habits, body weights, and other factors. The probabilistic assessment for the adult and 
child exposure scenario addressed the possible variability in the exposure modeling by using 
statistical distributions for these variables for each receptor in the assessment: adult and child 
resident and adult and child recreational fisher. Data on fish consumption rates are not available 
for children; thus the adult data were used for children in this analysis, which could overestimate 
risk from this pathway for children. For all exposure factors varied, a single exposure factor 
distribution was used for adults for both males and females. For child exposures, one age (age 1) 
was used to represent the age at the start of exposure, because this age group is considered to be 
most sensitive for most health effects.  


The Exposure Factors Handbook (U.S. EPA, 1997c,d,e) provides the current state of the 
science concerning exposure assumptions, and it was used throughout this assessment to 
establish statistical distributions of values for each exposure parameter for each receptor. There 
are some uncertainties, however, in the data that were used. Although it is possible to study 
various populations to determine various exposure parameters (e.g., age-specific soil ingestion 
rates or intake rates for food) or to assess past exposures (epidemiological studies) or current 
exposures, risk assessment is about prediction. Therefore, long-term exposure monitoring in this 
context is infeasible. 


Diet Assumptions for Ecological Receptors. National-scale assessments often assume 
maximum intake of contaminated prey in the diets of primary and secondary consumers (i.e., 100 
percent of the diet originates from the contaminated area). Under field conditions, many 
receptors are opportunistic feeders with substantial variability in both the type of food items 
consumed as well as the geospatial patterns of feeding and foraging. The actual proportion of 
wildlife receptors’ diets that would be contaminated depends on a number of factors such as the 
species’ foraging range, quality of food source, season, intra- and interspecies competition. 
Consequently, the exclusive diet of contaminated food items tends to provide a very conservative 
estimate of potential risks.  


Human Health Benchmarks. EPA routinely accounts for uncertainty in its development 
of RfDs and other human health benchmarks. For example, if certain toxicological data are 
missing from the overall toxicological database (e.g., reproductive data), EPA accounts for this 
by applying an uncertainty factor. In general, EPA human health benchmarks are derived using a 
health-protective approach.  


Ecological Criteria. CSCLs were developed for constituents when sufficient data were 
available. In many cases, sufficient data were unavailable for a receptor/constituent combination, 
and therefore, the potential risk to a receptor could not be assessed. In particular, insufficient 







Section 4.0 Risk Characterization 


Draft EPA document. Do not cite or quote. 4-39 


data were available to derive chronic effects CSCLs for amphibians. Because the risk results can 
only be interpreted within the context of available data, the absence of data can not be construed 
to mean that adverse ecological effects will not occur. 


In addition to the effects of data gaps on ecological benchmarks, the ecological criteria 
tend to be fairly conservative because the overall approach is based on “no effects” or “lowest 
effects” study data. In site-specific assessments, a de minimis effects approach is often replaced 
with an effects level similar to natural population variability (e.g., sometimes as high as a 20 
percent effects level). As a result, the CSCLs used in this analysis are likely to overestimate risks 
for representative species and communities assumed to live in surface waters impacted by CCW 
WMUs. Because the difference between a lowest observed adverse effect level (LOAEL) and a 
NOAEL is often about a factor of 10, an HQ exceedance of roughly 10 may not be ecologically 
significant. In contrast, CSCLs based on no effects data that are developed for the protection of 
threatened and endangered species are presumed to be protective. 


4.5 Summary and Conclusions 


One of the most sensitive parameters in the risk assessment is infiltration rate.  
Infiltration rate is greatly influenced by whether and how a WMU is lined. The 1994 to 2004 
DOE/EPA survey results (U.S. DOE, 2006) do not include how many unlined facilities are still 
operating today, but do indicate that more facilities are lined today than were in the 1995 EPRI 
survey data set on which this risk assessment is based. This suggests that the risks from future 
CCW disposal facilities are likely to be lower than the results presented in this report. EPA will 
continue to work to integrate the DOE/EPA survey data into the CCW risk assessment and is 
seeking comments on how to address data gaps, in particular: (1) how to estimate the overall 
prevalence of liners in the CCW disposal facilities today, (2) how to determine the area and 
capacity of newer CCW landfills and surface impoundments, and (3) how the liners currently in 
CCW WMUs perform when compared to the industrial liner conditions assumed in this risk 
assessment.  


Composite liners, as modeled in this risk assessment, effectively reduce risks from all 
pathways and constituents below the risk criteria for both landfills and surface impoundments.12 
The CCW risk assessment suggests that the management of CCW in unlined landfills and 
unlined surface impoundments may present risks to human health and the environment. Risks 
from clay-lined units, as modeled, are about one-third to one-half the risks of unlined units, but 
are still above the risk criteria used for this analysis. These risk results are largely consistent with 
damage cases compiled by EPA (U.S. EPA, 2000, 2003e, 2007) and others (Lang and 
Schlictmann, 2004; Zillmer and Fauble, 2004; Carlson and Adriano, 1993). Key risk findings 
include the following: 


 For humans exposed via the groundwater-to-drinking-water pathway, arsenic in CCW 
landfills poses a 90th percentile cancer risk of 5x10-4 for unlined units and 2x10-4 for 
clay-lined units. The 50th percentile risks are 1x10-5 (unlined units) and 3x10-6(clay-lined 


                                                 
12 These results suggest that with the higher prevalence of composite liners in new CCW disposal facilities, future 


national risks from onsite CCW disposal are likely to be lower than those presented in this risk assessment 
(which is based on 1995 CCW WMUs). 
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units). Risks are higher for surface impoundments, with an arsenic cancer risk of 9x10-3 
for unlined units and 3x10-3 for clay-lined units at the 90th percentile. At the 50th 
percentile, risks for unlined surface impoundments are 3x10-4, and clay-lined units show 
a risk of 9x10-5. Five additional constituents have 90th percentile noncancer risks above 
the criteria (HQs ranging from greater than 1 to 4) for unlined surface impoundments, 
including boron and cadmium, which have been cited in CCW damage cases referenced 
above. Boron and molybdenum show HQs of 2 and 3 for clay-lined surface 
impoundments. None of these noncarcinogens show HQs above 1 at the 50th percentile 
for any unit type. 


 Arrival times of the peak concentrations at a receptor well are much longer for landfills 
(hundreds to thousands of years) than for surface impoundments (most less than 100 
years). 


 For humans exposed via the groundwater-to-surface-water (fish consumption) pathway, 
selenium (HQ = 2) and arsenic (cancer risk = 2x10-5) pose risks slightly above the risk 
criteria for unlined surface impoundments at the 90th percentile. For both constituents, 
lined 90th percentile risks and all 50th percentile risks are below the risk criteria.  No 
constituents pose risks above the risk criteria for landfills at the 90th or 50th percentile. 


 Waste type has little effect on landfill risk results, but in surface impoundments, risks are 
up to 1 order of magnitude higher for codisposed CCW and coal refuse than for 
conventional CCW.  


 The higher risks for surface impoundments than landfills are likely due to higher waste 
leachate concentrations, a lower proportion of lined units, and the higher hydraulic head 
from the impounded liquid waste. This is consistent with damage cases reporting wet 
handling as a factor that can increase risks from CCW management. 


 For ecological receptors exposed via surface water, risks for landfills exceed the risk 
criteria for boron and lead at the 90th percentile, but 50th percentile risks are well below 
the risk criteria. For surface impoundments, 90th percentile risks for several constituents 
exceed the risk criteria, with boron showing the highest risks (HQ = 2,000). Only boron 
exceeds the risk criteria at the 50th percentile (HQ = 4). Exceedances for boron and 
selenium are consistent with reported ecological damage cases, which include impacts to 
waterbodies through the groundwater-to-surface-water pathway. 


 For ecological receptors exposed via sediment, 90th percentile risks for lead, arsenic, and 
cadmium exceeded the risk criteria for both landfills and surface impoundments because 
these constituents strongly sorb to sediments in the waterbody. The 50th percentile risks 
are generally an order of magnitude or more below the risk criteria.  


Sensitivity analysis results indicate that for most of the scenarios evaluated (over 75 
percent), the risk assessment model was most sensitive to parameters related to groundwater 
flow and transport: WMU infiltration rate, leachate concentration, and aquifer hydraulic 
conductivity and gradient. For strongly sorbing contaminants (such as lead and cadmium), 
variables related to sorption and travel time (adsorption coefficient, depth to groundwater, 
receptor well distance) are most important.  
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There are uncertainties associated with the CCW risk assessment, but scenario 
uncertainty (i.e., uncertainty about the environmental setting around the plant) has been 
minimized by basing the risk assessment on conditions around existing U.S. coal-fired power 
plants around the United States. Uncertainty in environmental setting parameters has been 
incorporated into the risk assessment by varying these inputs within reasonable ranges when the 
exact value is not known. Uncertainty in human exposure factors (such as exposure duration, 
body weight, and intake rates) has also been addressed through the use of national distributions.  


Some uncertainties not addressed explicitly in the risk assessment have been addressed 
through comparisons with other studies and data sources.  


 Appropriateness of CCW leachate data. Data on another highly sensitive parameter, 
leachate (porewater) constituent concentration, were available and used for CCW surface 
impoundments. However, available data for landfills were mainly TCLP analyses, which 
may not be representative of actual CCW leachate. Comparisons with recent (2006) 
studies of coal ash leaching processes show very good agreement for arsenic. However, 
although the selenium CCW data are within the range of the 2006 data, some of the 
higher concentrations in the 2006 data are not represented by the TCLP data. This 
suggests that selenium risks may be underestimated, which is consistent with selenium as 
a common driver of the damage cases. 


 Impacts of mercury rules (CAIR and CAMR). While CAIR and CAMR will reduce 
emissions of mercury and other metals from coal-fired power plants, mercury and other 
more volatile metals will be transferred from the flue gas to fly ash and other air pollution 
control residues, including the sludge from wet scrubbers. EPA ORD has research 
underway to evaluate changes to CCW characteristics and leaching of mercury and other 
metals from CAIR and CAMR. Data from the first report (U.S. EPA, 2006) suggest that 
although total mercury will increase in CCW from the use of sorbents as mercury 
controls, the leachability of mercury may be reduced, but this work is ongoing and should 
be regarded as preliminary and limited at this time. For example, wet scrubbers have yet 
to be addressed, and initial data from both EPA and industry studies suggest that mercury 
may not be as stable as found from fly ash in the first report. As these data become 
available, EPA will consider how best to use them to update the existing risk assessment. 


 Mercury and nondetect analyses. Because of a high proportion of nondetect values and 
a limited number of measurements, the risks from mercury in CCW could not be 
evaluated for either landfills or surface impoundments and for antimony and thallium in 
surface impoundments. The 2006 leaching study data suggest that mercury levels are 
fairly low in fly ash from coal combustion, but additional data and analyses would be 
required to estimate the risks from these levels. 


 Arsenic speciation. The current model does not speciate metals in the subsurface, which 
is of particular concern for arsenic. Damage cases and other studies suggest that arsenic 
readily converts from arsenic III in CCW leachate to the less mobile arsenic V in soil and 
groundwater. However, model runs conducted for both species suggest that the difference 
in risk between the two species is only about a factor of 2, which is not enough to reduce 
the 90th percentile cancer risks to below the risk criteria.  
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Uncertainties that are more difficult to evaluate with respect to CCW risk results include 
the following: 


 Well distance. Nearest well distances were taken from a survey of MSW landfills, as 
data were not available from CCW sites. EPA believes that this is a protective 
assumption because MSW landfills generally tend to be in more populated areas, but 
there are little data available to test this hypothesis. 


 Liner conditions. Liner design and performance for CCW WMUs were based on data 
and assumptions EPA developed to be appropriate for nonhazardous industrial waste 
landfills. EPA believes that CCW landfills should have similar performance 
characteristics, but does not have the quantitative data to verify that. 


 Data gaps for ecological receptors. Insufficient data were available to develop 
screening levels and quantitative risk estimates for terrestrial amphibians, but EPA 
acknowledges that damage cases indicate risk to terrestrial amphibian and plant 
communities through exposure to selenium and boron. 


 Ecosystems and receptors at risk. Certain critical assessment endpoints were not 
evaluated in this analysis, including impacts on managed lands, critical habitats, and 
threatened and endangered species. These would be addressed through more site-specific 
studies on the proximity of these areas and species to CCW disposal units. 


 Synergistic risk. The impact of exposures of multiple contaminants to human and 
ecological risks was not evaluated in this analysis. EPA recognizes that a single-
constituent analysis may underestimate risks associated with multiple chemical 
exposures. 


These are potentially the more significant uncertainties associated with the CCW risk 
assessment. Other uncertainties are discussed in Section 4.4. 


 







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-1 


5.0 References 
ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Minimal Risk Levels 


(MRLs) for Hazardous Substances. http://www.atsdr.cdc.gov/mrls.html 


Barrows, M.E., S.R. Petrocelli, K.J. Macek, and J.J. Carroll. 1980. Chapter 24: Bioconcentration 
and elimination of selected water pollutants by bluegill sunfish (Lepomis macrochirus). 
In Dynamics, Exposure and Hazard Assessment of Toxic Chemicals. Edited by R. Haque. 
Ann Arbor, MI: Ann Arbor Science. 


Bonaparte, R., J.P. Giroud, and B.A. Cross. 1989. Rates of leakage through landfill liners. 
Geosynthetics 1989 Conference. San Diego, CA. 


Carlson, C.L., and D.C. Adriano. 1993. Environmental impacts of coal combustion residues. J. 
Environ. Qual. 22(227-247). 


Drever, J.I. 1988. The Geochemistry of Natural Waters, 2d ed. Englewood Cliffs NJ: Prentice-
Hall. 


Eisler, R. 1989. Molybdenum Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review. 
Contaminant Hazard Reviews, Report No. 19, Biological Report 85(1.19). Laurel, MD. 
August. 


EPRI (Electric Power Research Institute). 1997. Coal Combustion By-Products and Low-Volume 
Wastes Comanagement Survey. Palo Alto, CA. June. 


Hopkins, W.A., S.E. DuRant, B.P. Staub, C.L. Rowe, and B.P. Jackson. 2006. Reproduction, 
embryonic development, and maternal transfer of contaminants in the amphibian 
Gastrophryne carolinensis. Environmental Health Perspectives. 114(5):661–666. 


Kool, J.B., P.S. Huyakorn, E.A. Sudicky, and Z.A. Saleem. 1994.  A composite modeling 
approach for subsurface transport of degrading contaminants from land-disposal sites.  J. 
Contaminant  Hydrology 17:69–90. 


Kumada, H., S. Kimura, M. Yokote, and Y. Matida. 1972. Acute and chronic toxicity, uptake, 
and retention of cadmium in freshwater organisms. Bulletin of Freshwater Fisheries 
Research Laboratory 22(2):157–165. December 20. 


Lang, D.J., and J.R. Schlictmann. 2004. Leaching of arsenic from a fly ash dump in Beverly, 
Massachusetts. In Proceedings of State Regulation of Coal Combustion By-Product 
Placement at Mine Sites. May 4–6, 2004, Harrisburg, Pennsylvania. U.S. Department of 
the Interior, Office of Surface Mining, Alton, IL. 







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-2 


Lemly, A.D. 1985. Toxicology of selenium in a freshwater reservoir: Implications for 
environmental hazard evaluation and safety. Ecotoxicology and Environmental Safety 
10:314–338. 


Newell, C.J., L.P. Hopkins, and P.B. Bedient. 1989. Hydrogeologic Database for Ground Water 
Modeling. API Publication No. 4476. American Petroleum Institute, Washington, DC. 


Newell, C,J., L.P. Hopkins, and P.B. Bedient. 1990. A hydrogeologic database for ground water 
modeling. Ground Water 28(5):703–714. 


Schroeder, P.R., T.S. Dozier, P.A. Zappi, B.M. McEnroe, J.W. Sjostrom, and R.L. Peton. 1994a. 
The Hydrologic Evaluation of Landfill Performance Model (HELP): User’s Guide for 
Version 3. EPA/600/R-94/168a. U.S. EPA Risk Reduction Engineering Laboratory, 
Cincinnati, OH. 


Schroeder, P.R., T.S. Dozier, P.A. Zappi, B.M. McEnroe, J.W. Sjostrom, and R.L. Peton. 1994b. 
The Hydrologic Evaluation of Landfill Performance (HELP) Model: Engineering 
Documentation for Version 3. EPA/600/R-94/168b. U.S. EPA Risk Reduction 
Engineering Laboratory, Cincinnati, OH. 


SAB (Science Advisory Board). 2004. Review of EPA’s Multimedia, Multipathway, and 
Multireceptor Risk Assessment (3MRA) Modeling System. Report of the 3MRA Review 
Panel of the EPA Science Advisory Board. EPA-SAB-05-003, November. 


Stephan, C.E., D.I. Mount, D.J. Hansen, J.H. Gentile, G.A. Chapman, and W.A. Brungs. 1985. 
Guidelines for Deriving Numerical National Ambient Water Quality Criteria for the 
Protection of Aquatic Organisms and Their Use. NTIS PB85-220749. U.S. 
Environmental Protection Agency, Office of Research and Development, Springfield, 
VA. 


Stephan, C.E. 1993. Derivation of Proposed Human Health and Wildlife Bioaccumulation 
Factors for the Great Lakes Initiative (Draft). PB93-154672. Environmental Research 
Laboratory, Office of Research and Development, Duluth, MN. March. 


Stumm, W., and J.J. Morgan. 1996. Aquatic Chemistry, Chemical Equilibria and Rates in 
Natural Waters. 3d ed. New York: John Wiley & Sons, Inc. 


TetraTech. 2001. Characterization of Infiltration Rate Data to Support Groundwater Modeling 
Efforts (Draft). Prepared for the Office of Solid Waste, U.S. Environmental Protection 
Agency, Washington, DC. Contract No. 68-W6-0061. May. 


U.S. DOE (Department of Energy). 2006. Coal Combustion Waste Management at Landfills and 
Surface Impoundments, 1994-2004. DOE/PI-0004, ANL-EVS/06-4. Office of Scientific 
and Technical Information, Oak Ridge, TN. August. 


U.S. EPA (Environmental Protection Agency). 1988a. National Survey of Solid Waste 
(Municipal) Landfill Facilities (Draft). EPA/530-SW88-034. Office of Solid Waste, 
Washington, DC. September.  







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-3 


U.S. EPA (Environmental Protection Agency). 1988b. Wastes from the Combusion of Coal by 
Electric Utility Power Plants—Report to Congress. EPA 530-SW-88-002. U.S. EPA 
Office of Solid Waste and Emergency Remediation. Washington, DC. February. 


U.S. EPA (Environmental Protection Agency). 1988c. Design, Construction and Evaluation of 
Clay Liners for Waste Management Facilities. EPA-530-SW-86-007F. Office of Solid 
Waste and Emergency Response. Washington, DC. November. 


U.S. EPA (Environmental Protection Agency). 1992. Guidelines for exposure assessment. Final 
guidelines. Federal Register 57 FR 22888-22893. Washington, DC. May 29. 


U.S. EPA (Environmental Protection Agency). 1995. Review of EPA’s Composite Model for 
Leachate Migration with Transformation Products-EPACMTP. EPA-SAB-EEC-95-010.  
Science Advisory Board Exposure Model Subcommittee of the Environmental 
Engineering Committee. Washington, DC. 


U.S. EPA (Environmental Protection Agency). 1996. EPA’s Composite Model for Leachate 
Migration with Transformation Products. EPACMTP: Background Document. Office of 
Solid Waste, Washington, DC.  


U.S. EPA (Environmental Protection Agency). 1997a. EPA’s Composite Model for Leachate 
Migration with Transformation Products. EPACMTP: User’s Guide. Office of Solid 
Waste, Washington, DC.  


U.S. EPA (Environmental Protection Agency). 1997b. Mercury Study Report to Congress. 
Volume III, Fate and Transport of Mercury in the Environment. EPA 452/R-97/005. 
Office of Air Quality Planning and Standards and Office of Research and Development, 
Washington, DC.  


U.S. EPA (Environmental Protection Agency). 1997c. Exposure Factors Handbook, Volume I, 
General Factors. EPA/600/P-95/002Fa. Office of Research and Development, 
Washington, DC. August.  


U.S. EPA (Environmental Protection Agency). 1997d. Exposure Factors Handbook, Volume II, 
Food Ingestion Factors. EPA/600/P-95/002Fa. Office of Research and Development, 
Washington, DC. August.  


U.S. EPA (Environmental Protection Agency). 1997e. Exposure Factors Handbook, Volume III, 
Activity Factors. EPA/600/P-95/002Fa. Office of Research and Development, 
Washington, DC. August.  


U.S. EPA (Environmental Protection Agency). 1997f. Health Effects Assessment Summary 
Tables (HEAST). EPA-540-R-97-036. FY 1997 Update. Office of Solid Waste and 
Emergency Response, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 1998a. Non-Groundwater Pathways, Human 
Health and Ecological Risk Analysis for Fossil Fuel Combustion Phase 2 (FFC2): Draft 
Final Report. Office of Solid Waste, Washington, DC. June.  







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-4 


U.S. EPA (Environmental Protection Agency). 1998b. Technical Background Document for the 
Supplemental Report to Congress on Remaining Fossil Fuel Combustion Wastes: 
Ground-Water Pathway Human Health Risk Assessment. Revised Draft Final. Office of 
Solid Waste, Washington, DC. June. 


U.S. EPA (Environmental Protection Agency). 1998c. Methodology for Assessing Health Risks 
Associated with Multiple Pathways of Exposure to Combustor Emissions. Update to 
Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor 
Emissions. EPA-600/R-98/137. National Center for Environmental Assessment, 
Cincinnati, OH. 


U.S. EPA (Environmental Protection Agency). 1998d. Human Health Risk Assessment Protocol 
for Hazardous Waste Combustion Facilities, Volume One. EPA-530-D-98-001A. Office 
of Solid Waste and Emergency Response, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 1999a. Report to Congress: Wastes from the 
Combustion of Fossil Fuels. EPA 530-R-99-010. Office of Solid Waste, Washington, 
DC. March. 


U.S. EPA (Environmental Protection Agency). 1999b. Partition Coefficients for Metals in 
Surface Water, Soil, and Waste. Office of Solid Waste, Washington, DC. 
http://www.epa.gov/ epaoswer/hazwaste/id/hwirwste/pdf/risk/reports/s0524.pdf. 


U.S. EPA (Environmental Protection Agency). 1999c. Peer Review of EPA’s Hazardous Waste 
Identification Rule Risk Assessment Model - The Vadose Zone and Saturated Zone 
Modules Extracted From EPACMTP for HWIR99. Prepared by Eastern Research Group 
under EPA Contract No. 68-W-99-001, Work Assignment No. 17, for Office of Solid 
Waste. Washington, DC.  Available at http://www.epa.gov/epaoswer/hazwaste/id/ 
hwirwste/peer03/vadoze/vz-aquif.pdf#search=%22EPACMTP%20peer%20review%22. 


U.S. EPA (Environmental Protection Agency). 1999d. Peer Review of EPA’s Hazardous Waste 
Identification Rule Risk Assessment Model - MINTEQA2/PRODEFA2 Version 4.0. 
Prepared by Eastern Research Group under EPA Contract No. 68-W-99-001, Work 
Assignment No. 17, for Office of Solid Waste. Washington, DC.  Available at 
http://www.epa.gov/epaoswer/hazwaste/id/hwirwste/peer03/minteqa2/minteqa2.pdf. 


U.S. EPA (Environmental Protection Agency). 2000. Review of Causative Factors for Coal 
Combustion Waste Damage Cases. Prepared by SAIC for U.S. EPA Office of Solid 
Waste under EPA contract 68-W-99-001, WA No. 121. Washington, DC. November 29. 


U.S. EPA (Environmental Protection Agency). 2001a. Revisions in Input Data and Modeling 
Procedures for Using MINTEQA2 in Estimating Metal Partition Coefficients. Prepared 
by Allison Geoscience Consultants, Inc., for the Office of Solid Waste, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 2001b. WATER9, Air Emission Models for Waste 
and Wastewater. Technology Transfer Network Clearinghouse for Inventories & 
Emission Factors. http://www.epa.gov/ttn/chief/software/water  







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-5 


U.S. EPA (Environmental Protection Agency). 2001c. Risk Assessment Paper for Derivation of a 
Provisional RfD for Cobalt and Compounds (CASRN 7440-48-4). 00-122/3-16-01. 
National Center for Environmental Assessment, Superfund Technical Support Center, 
Cincinnati, OH. 


U.S. EPA (Environmental Protection Agency). 2001d. Risk Assessment Paper for Derivation of a 
Provisional Carcinogenicity Assessment for Cobalt and Compounds (CASRN 7740-48-4). 
00-122/3-16-01. National Center for Environmental Assessment. Superfund  


U.S. EPA (Environmental Protection Agency). 2002a. Constituent Screening for Coal 
Combustion Wastes. Draft Report prepared by Research Triangle Institute for Office of 
Solid Waste, Washington, DC. September. 


U.S. EPA (Environmental Protection Agency). 2002b. Industrial Waste Management Evaluation 
Model (IWEM) Technical Background Document. EPA530-R-02-012. Office of Solid 
Waste, Washington, DC. August. 


U.S. EPA (Environmental Protection Agency). 2002c. Integrated Risk Information System 
(IRIS). National Center for Environmental Assessment, Office of Research and 
Development, Washington, DC. http://www.epa.gov/iris/. 


U.S. EPA (Environmental Protection Agency). 2002d. Current Drinking Water Standards. 
National Primary and Secondary Drinking Water Regulations. Office of Ground Water 
and Drinking Water, Washington, DC. http://www.epa.gov/safewater/mcl.html. 


U.S. EPA (Environmental Protection Agency). 2003a. EPA’s Composite Model for Leachate 
Migration with Transformation Products (EPACMTP): Parameters/Data Background 
Document. Office of Solid Waste, Washington, DC. April. 
http://www.epa.gov/epaoswer/non-hw/industd/tools/cmtp/epacmtp.htm#data. 


U.S. EPA (Environmental Protection Agency). 2003b. Risk Assessment Technical Background 
Document for the Dye and Pigment Industry Hazardous Waste Listing Determination. 
OMB Review Draft. Office of Solid Waste, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 2003c. EPACMTP Technical Background 
Document. Office of Solid Waste, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 2003d. Addendum to the EPACMTP Technical 
Background Document. Office of Solid Waste, Washington, DC. 


U.S. EPA (Environmental Protection Agency). 2003e. Final Revised Report on Resolution of 18 
Previously Indeterminate Candidate Damage Cases. Prepared by SAIC for U.S. EPA 
Office of Solid Waste under EPA contract 68-W-02-036, WA No. 1-12. Washington, 
DC. March 5. 


U.S. EPA (Environmental Protection Agency). 2003f. Peer Review Of Changes To EPA's 
MINTEQA2 Model. Prepared by Industrial Economics for the Office of Solid Waste, 
Washington, DC. 







Section 5.0 References 


Draft EPA document. Do not cite or quote. 5-6 


U.S. EPA (Environmental Protection Agency). 2005. Sensitivity Analysis for the Coal 
Combustion Waste Risk Assessment. Technical Report prepared by RTI International for 
U.S. EPA Office of Solid Waste under EPA contract 68-W-03-042, WA No. 1-16. 
Washington, DC. March 5. 


U.S. EPA (Environmental Protection Agency). 2006. Characterization of Mercury-Enriched 
Coal Combustion Residues from Electric Utilities Using Enhanced Sorbents for Mercury 
Control. EPA 600/R-06/008. Office of Research and Development. Research Triangle 
Park, NC. January. 


U.S. EPA (Environmental Protection Agency). 2007. Coal Combustion Waste Damage Case 
Assessments. Available from the docket to the Notice of Data Availability on the 
Disposal of Coal Combustion Wastes in Landfills and Surface Impoundments, Docket # 
EPA-HQ-RCRA-2006-0796. June 19. 


Zilmer, M., and P. Fauble. 2004. Groundwater impacts from coal combustion ash disposal sites 
in Wisconsin. In: Proceedings of State Regulation of Coal Combustion By-Product 
Placement at Mine Sites. May 4–6, 2004, Harrisburg, Pennsylvania. U.S. Department of 
Interior, Office of Surface Mining, Alton, IL. 


 
 
 







Appendix A Constituent Data 


 A-1 


Appendix A. Constituent Data 
 


The coal combustion waste (CCW) risk assessment addresses metals and inorganic 
constituents identified by EPA as potential constituents of concern in CCW (Table A-1). U.S. 
Environmental Protection Agency (EPA) derived waste concentrations for these constituents 
from its CCW constituent database, which includes analyte concentration data in three tables 
representing different types of waste samples: landfill leachate analyses (in mg/L), surface 
impoundment and landfill porewater analyses (in mg/L), and analyses of whole waste samples 
(in mg/kg). Each database table specifies, for most samples, the type of waste sampled and the 
type of coal burned at the facility.  


Table A-1. Constituents Addressed in the Screening Analysis  


Constituent CAS ID Constituent CAS ID 
Metals Inorganic Anions 
Aluminum 7429-90-5 Chloride 16887-00-6 
Antimony 7440-36-0 Cyanide 57-12-5 
Arsenic 7440-38-2 Fluoride 16984-48-8 
Barium 7440-39-3 Total Nitrate Nitrogen 14797-55-8 
Beryllium 7440-41-7 Phosphate 14265-44-2 
Boron 7440-42-8 Silicon 7631-86-9 
Cadmium 7440-43-9 Sulfate 14808-79-8 
Chromium 7440-47-3 Sulfide 18496-25-8 
Cobalt 7440-48-4 Inorganic Cations 
Copper 7440-50-8 Ammonia 7664-41-7 
Iron 7439-89-6 Calcium 7440-70-2 
Lead 7439-92-1 pH 12408-02-5 
Magnesium 7439-95-4 Potassium 7440-09-7 
Manganese 7439-96-5 Sodium 7440-23-5 
Mercury 7439-97-6 Nonmetallic Elements 
Molybdenum 7439-98-7 Inorganic Carbon 7440-44-0 
Nickel 7440-02-0 Total Elemental Sulfur 7704-34-9 
Selenium 7782-49-2 Measurements 
Silver 7440-22-4 Total Dissolved Solids none 
Strontium 7440-24-6 Total Organic Carbon none 
Thallium 7440-28-0 Dissolved Organic Carbon none 
Vanadium 7440-62-2   
Zinc 7440-66-6   
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A.1 Data Sources  


EPA prepared the CCW constituent database in 2002 and 2003. The 2003 CCW 
constituent database includes all of the waste characterization data used by EPA in its risk 
assessments in support of the March 1999 Report to Congress: Wastes from the Combustion of 
Fossil Fuels (the RTC) (U.S. EPA, 1999). In addition to the data set from the March 1999 RTC, 
EPA supplemented the database with the following data: 


 Data submitted with public comments to EPA on the 1999 RTC 


 Data submitted with public comments to EPA concerning the May 22, 2000, Final 
Regulatory Determination 


 Data collected by and provided to EPA since the end of the public comment period on the 
Final Regulatory Determination 


 Data identified from literature searches. 


The primary sources of these additional data include the electric power industry, state and federal 
regulatory agencies, and scientific literature. Attachment A-1 is a complete list of the sources of 
data contained in the 2003 CCW constituent database. 


The additional data represent a significant expansion in the quantity of characterization 
data available to EPA for analysis. For example, the data set used for the risk assessments 
supporting the RTC covered approximately 50 CCW generation and/or disposal sites. With the 
addition of the supplemental data, the 2003 CCW constituent database now covers more than 
160 sites. The 1999 data set included approximately 10,000 individual samples of CCW. The 
2003 CCW constituent database now includes more than 35,000 individual samples.  


The additional data also represent an expansion in the scope of characterization data 
available to EPA for analysis. The 1999 data were obtained exclusively from the electric power 
industry. As shown in Attachment A-1, the 2003 data set includes data from other sources, such 
as scientific literature and state and federal regulatory agencies. The 1999 data set included 
analyses of whole waste samples, surface impoundment and landfill porewater analyses, and 
analyses of extracts obtained using the Toxicity Characteristic Leaching Procedure (TCLP), the 
Synthetic Precipitation Leaching Procedure (SPLP), and Extraction Procedure (EP) Toxicity 
leaching methods. The 2003 data set adds analyses of actual landfill leachate (e.g., obtained from 
leachate collection systems), analyses of extracts obtained using other leaching methods 
(including higher retention time leaching methods), and porewater analyses.  


The 2003 CCW constituent database represents CCW characteristics across a broad cross 
section of the generating universe. Not only does the database include data from a large number 
of sites, but these sites are distributed throughout the United States, as shown in Table A-2. The 
database includes data for all major types of CCW (i.e., fly ash, bottom ash, flue gas 
desulfurization [FGD] sludge, fluidized bed combustion [FBC] fly ash, and FBC bed ash), from 
mixtures of CCW types that are commonly created during disposal operations (e.g., combined fly 
ash and bottom ash), and from CCW mixed with coal refuse (a common disposal practice). 
Section A.2 discusses waste types in more detail.  
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Table A-2. States Included in the CCW Constituent Database  


Alaska Illinois Maryland 
Arkansas Indiana Michigan 
California Kentucky Ohio 
Colorado Missouri Oklahoma 
Connecticut North Carolina Pennsylvania 
Florida North Dakota Tennessee 
Georgia Nebraska Texas 
Hawaii New Mexico Wisconsin 
Iowa Louisiana West Virginia 


 


The database also includes data for CCW generated from combustion of all major coal 
ranks: bituminous, sub-bituminous, lignite, and anthracite. Although the database does include 
coal type designations for most of the entries, in many cases the type is not specified. In addition, 
many coal plants mix coal from different sources (e.g., eastern and western coals), depending on 
prices and the need to reduce sulfur levels. As a result, correlations of risk results with coal types 
may be difficult and may not produce significant results. 


A.2 Data Preparation  


Table A-3 lists the waste types evaluated in the CCW risk assessment, along with the 
number of sites representing each waste type in the CCW constituent database. Key steps in 
preparing these data for screening include (1) selection and grouping of waste types to be 
addressed, (2) selection of the analyte data to be used, and (3) processing of these data to develop 
the analyte concentrations for the screening analysis.  


Table A-3. Waste Streams in CCW Constituent Database  


Number of Sites by Waste Typea 


Waste Type 
Waste Streams 


Landfill 
Leachate 


Surface 
Impoundment 


Porewater Total Waste 
Conventional Combustion Waste  97 13 62 
Ash (not otherwise specified) 43 0 30 
Fly ash 61 2 33 
Bottom ash & slag 24 3 23 
Combined fly & bottom ash 7 4 4 
FGD sludge 4 6 5 
Codisposed Ash & Coal Refuse 9 5 1 
Fluidized Bed Combustion Waste 58 0 54 
Ash (not otherwise specified) 18 0 10 
Fly ash 33 0 32 
Bottom and bed ash 26 0 25 
Combined fly & bottom ash 20 0 22 
a Site counts by waste type from leachate, porewater, and whole waste data tables in the 2003 CCW 


constituent database. 
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A.2.1 Selection and Grouping of Waste Types of Concern 


The CCW constituent database contains a variety of waste types. Some selection and 
grouping of these types was appropriate so that the risk assessment could evaluate risks 
consistently for groups of wastes that are expected to behave similarly when disposed in landfills 
and surface impoundments.  


Combustion ash types in the CCW constituent database include fly ash, bottom ash, bed 
ash, slag, combined fly and bottom ash, and coal ash not otherwise specified. Based on a 
statistical analysis that showed no significant difference in leachate and porewater chemistry, the 
analysis combines data for these ash types for landfills and surface impoundments. FGD sludge 
is also combined with these conventional combustion ash types based on insignificant 
differences in porewater chemistry and the fact that FGD sludge is usually codisposed with 
varying amounts of fly ash and bottom ash.  


CCW porewater constituent data did show that FBC wastes and codisposed ash and coal 
refuse (coal waste from coal crushers and other coal preparation and handling operations1) differ 
significantly from coal combustion ash in their composition and leachate chemistry, so these 
wastes were addressed separately in the risk analysis. FBC waste chemistry is impacted by the 
limestone injected with coal in FBC units for sulfur capture and tends to be very alkaline with 
high levels of calcium and sulfate. Coal refuse is high in pyrite, which generates sulfuric acid 
when disposed. As a result, combustion wastes exhibit a lower pH when codisposed with coal 
refuse. 


A.2.2 Selection of Appropriate Analyte Data  


CCW analyte concentration data represent leachate from landfills and surface 
impoundments and whole waste in landfills, as follows:  


 Whole waste analyte concentrations (in mg/kg) represent landfill waste.  


 Analyte concentrations (in mg/L) in porewater sampled from surface impoundment 
sediments represent surface impoundment leachate. 


 Analyte concentrations for extracts from leaching methods, analyses of actual landfill 
leachate, and landfill porewater analyses represent landfill leachate. Because the CCW 
constituent database includes analyte concentrations from several leaching methods, a 
decision hierarchy was used to select leachate analyses to use in the risk assessment 
(Table A-4). 


As shown in Table A-4, the methods thought to best represent long-term waste monofill 
porewater composition (i.e., methods with long equilibration times and low liquid-to-solid ratios) 
represent only a few sites, with most sites having TCLP and/or SPLP measurements. To best 
represent CCW landfill waste concentration at a wide variety of sites, the hierarchy rank shown 
in Table A-4 was used to select the best method for a particular site. For sites where two or more 
                                                 
1 Coal refuse is the waste coal produced from coal handling, crushing, and sizing operations. In the CCW constituent 


database, codisposed coal refuse includes “combined ash and coal gob”, “combined ash and coal refuse”, and 
“combined bottom ash and pyrites”. 
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methods are available in the same rank (which often occurs for SPLP and TCLP analyses), the 
screening analysis uses the method with the highest analyte concentrations. This ensures that the 
data used in the risk assessment are the best that are available and represent a broad variety of 
waste disposal conditions. 


Table A-4. Comparison/Hierarchy of Leaching Methods for Landfills  
Represented in CCW Constituent Database 


Method (Rank) Description Advantages Disadvantages 
Landfill leachate (1) Direct samples of 


landfill leachate 
Most representative of 
leachate chemistry 


Low number of sites represented 


Landfill porewater (1) Direct porewater 
samples from landfill 


Most representative of 
leachate chemistry 


Low number of sites represented 


High retention time and 
low liquid-to-solid ratio 
(L:S) methods (2) 


Waste extractions with 
long equilibration times 
(days to weeks) and low 
L:S 


Better representation 
of landfill 
equilibration times 
and L:S 


Low number of sites represented 


Low L:S methods (3) Waste extractions with 
low L:S 


Better representation 
of landfill L:S 


Low number of sites represented; 
equilibrium times relatively short 


High retention time 
methods (3) 


Waste extractions with 
long equilibration times 
(days to weeks) 


Better representation 
of landfill 
equilibration times 


Low number of sites represented; 
L:S relatively high 


TCLP (4) Toxicity Characteristic 
Leaching Procedure 
waste extractions 


Most representative in 
terms of number of 
sites, waste types 
covered  


High L:S (20:1) can dilute leachate 
concentrations; short equilibration 
time (18 hours) may not allow 
equilibrium to develop; Na-acetate 
buffer can overestimate leaching for 
some constituents (e.g., Pb) 


SPLP (4) Synthetic Precipitation 
Leaching Procedure and 
other dilute water waste 
extractions 


More representative in 
terms of number of 
sites, waste types 
covered; extract 
similar to precipitation


High L:S (20:1) can dilute leachate 
concentrations; short equilibration 
time (18 hours) may not allow 
equilibrium to develop 


 


A.2.3 Development of Waste Constituent Concentrations 


To allow risk assessment results to be organized by waste constituent and waste type, 
CCW data were processed to produce a single concentration per waste stream (surface 
impoundment porewater, landfill leachate, and landfill whole waste), analyte, and site for use in 
the risk assessment. Data processing to prepare these analyte concentrations for the CCW risk 
assessment involved two steps: 


1. Calculation of average constituent concentrations by site for landfill leachate, 
surface impoundment porewater, and total ash concentrations. Site averaging avoids 
potential bias toward sites with many analyses per analyte. During site averaging, any 
separate waste disposal scenarios occurring at a site (e.g., non-FBC and FBC ash) were 
treated as separate “sites” and were averaged independently. This approach is consistent 
with that used in the 1998 CCW risk analysis. As in 1998, nondetects were averaged at 
one-half the reported detection limit. 
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2. Selection of waste concentrations from site-averaged values. For the Monte Carlo 
analysis, the analysis randomly selected, by waste type/waste management unit (WMU) 
scenario, site-averaged leachate concentrations. For landfills, a corresponding total waste 
analysis was pulled from the database or calculated from a constituent-specific 
relationship between landfill leachate and total waste analyses.  


A.3 Constituent Screening and Selection  


The CCW risk assessment employed two steps to narrow the list of CCW constituents for 
the full-scale Monte Carlo risk assessment. Two steps were conducted to focus the full-scale 
analysis on the CCW constituents of most concern: 


1. Hazard Identification, which involved collection of existing human health and 
ecological benchmarks for the constituents of concern. Only chemicals with benchmarks 
moved on to risk screening. 


2. Constituent Screening, which compared health-based concentration benchmarks against 
very conservative estimates of exposure concentrations (e.g., whole waste concentrations, 
leaching concentrations) to quickly and simply “screen out” constituents and exposure 
pathways of no significant concern. 


During the hazard identification step of the CCW risk assessment, constituents of 
potential concern were first identified by searching, from EPA and other reputable sources, for 
human health and ecological benchmarks for each chemical in the CCW constituent database. 
Table A-5 shows the result of that search; of the 41 chemicals in the database, 26 chemicals were 
found to have benchmarks.  


Table A-5. Toxicity Assessment of CCW Constituents  
Constituent CAS ID HHB EcoB Constituent CAS ID HHB EcoB 
Metals Inorganic Anions 
Aluminum 7429-90-5  U U Chloride 16887-00-6   
Antimony 7440-36-0  U U Cyanide 57-12-5 U  
Arsenic 7440-38-2  Ua U Fluoride 16984-48-8 U  
Barium 7440-39-3  U U Nitrate 14797-55-8 U  
Beryllium 7440-41-7  Ua U Nitrite 14797-65-0 U  
Boron 7440-42-8  U U Phosphate 14265-44-2   
Cadmium 7440-43-9  Ua U Silicon 7631-86-9   
Chromium 7440-47-3  Ua U Sulfate 14808-79-8   
Cobalt 7440-48-4  Ua U Sulfide 18496-25-8   
Copper 7440-50-8  Ub U Inorganic Cations 
Iron 7439-89-6   Ammonia 7664-41-7 U  
Lead 7439-92-1  Ub U Calcium 7440-70-2   
Magnesium 7439-95-4   pH 12408-02-5   
Manganese 7439-96-5  U  Potassium 7440-09-7   
Mercury 7439-97-6  U U Sodium 7440-23-5   
Molybdenum 7439-98-7  U U Nonmetallic Elements 
Nickel 7440-02-0  U U Carbon 7440-44-0   
Selenium 7782-49-2  U U Sulfur 7704-34-9   
Silver 7440-22-4  U U Measurements 
Strontium 7440-24-6  U  Total Dissolved Solids none   
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Constituent CAS ID HHB EcoB Constituent CAS ID HHB EcoB 
Thallium 7440-28-0  U U Total Organic Carbon none   
Vanadium 7440-62-2  U U Dissolved Organic Carbon none   
Zinc 7440-66-6  U U     


HHB = human health effect benchmark; EcoB = ecological benchmark. 
a Carcinogen. 
b Safe Drinking Water Act Action Level only. 


 


To further narrow the list of constituents, a screening analysis (RTI, 2002) was conducted 
that compared health-based concentration benchmarks against very conservative estimates of 
exposure concentrations (e.g., 95th percentile whole waste and leachate concentrations) to 
quickly and simply “screen out” constituents and exposure pathways posing no significant risk to 
human health or the environment. Based on the number of pathways with screening failures and 
how much each chemical exceeded a benchmark, the constituents failing this screen were 
divided into two groups: (1) those of marginal concern and (2) those of greater concern. Table 
A-6 shows each of these groups. Constituents of greater concern were subjected to the full-scale 
probabilistic risk assessment described in this document. 


Table A-6. Screening Analysis Results: Selection and Prioritization  
of CCW Chemicals for Further Analysis 


Human Health – 
Drinking Water 


Human Health –
Surface Watera 


Ecological Risk –
Surface Water 


Analyte 
LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


Modeling 
Priority 


Constituents of Greater Concern (Full-Scale Analysis) 
Arsenicb 1 [140] 1 [1,800] 2 [22] 5 [1.7] 7 [4.9] 3 [64] 1 
Boron 6 [4.0] 3 [28] - - 2 [660] 1 [4,700] 1 
Cadmium 7 [3.4] 7 [8.9] 5 [1.4] 4 [3.7] 11 [2.0]  9 [5.2] 1 
Lead 4 [16] 5 [12] - - 3 [79] 4 [59] 1 
Mercury - - 1 [700] 1 [65] 1 [1,400] 2 [132] 1 
Selenium 11 [1.2] 13 [2.4] 4 [4.7] 3 [9.5] 8 [3.5] 8 [7.1] 1 
Thallium 3 [21] 4 [19] 3 [6.3] 2 [5.7] - - 1 
Aluminum - - - - 5 [12] 6 [27] 2 
Antimony 2 [22] 10 [5.5] - - - - 2 
Barium - - - - 4 [40] 7 [7.5] 2 
Cobalt  6 [11] - - - 5 [27] 2 
Molybdenum 5 [4.2] 8 [6.8] - - - - 2 
Nitrate/Nitrite - / 


12 [1.2] 
2 [60]/ 
15 [1.2] 


- - - - 2 


Constituents of Marginal Concern 
Chromium VI 8 [2.3] 12 [4.2] - - 12 [1.8] 10 [3.3] 3 
Fluoride 10 [1.8] 11 [5.2] - - - - 3 
Manganese 13 [1] 9 [5.6] - - - - 3 
Vanadium 9 [2.2] 14 [2.3] - - 10 [2.3] 12 [2.4] 3 
Beryllium - - - - 9 [2.4] - 4 
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Human Health – 
Drinking Water 


Human Health –
Surface Watera 


Ecological Risk –
Surface Water 


Analyte 
LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


LF Rank 
[maxHQ] 


SI Rank 
[maxHQ] 


Modeling 
Priority 


Constituents of Greater Concern (Full-Scale Analysis) 
Copper - - - - 14 [1.6] 11 [3.1] 4 
Nickel - 16 [1.3] - - - 13 [1.4] 4 
Silver - - - - 6 [11] 14 [1.4] 4 
Zinc - - - - 13 [1.6] - 4 
LF = landfill; maxHQ = maximum hazard quotient; SI = surface impoundment. 
a Fish consumption pathway. 
b Arsenic values for human health are [excess cancer risk / target risk (1E-05)]. 


A.4 Results  


Attachment A-2 provides the site-averaged constituent data used in the full-scale CCW 
risk assessment by waste type/WMU scenario. 
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Attachment A-2: CCW Constituent Data 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


11 - FBC LF Arsenic 0.002916667 3 3 51 
11 - FBC LF Barium 0.339166667 3 3 174.5 
11 - FBC LF Cadmium 0.0005 4 4 6.91875 
11 - FBC LF Lead 0.0025 4 4 39.5 
11 - FBC LF Mercury 0.00125 4 4 0.1325 
11 - FBC LF Selenium 0.00225 4 2 45.5 
12 - FBC LF Aluminum 3.4 1 0 35874.6 
12 - FBC LF Antimony 0.27 1 0 18 
12 - FBC LF Arsenic 0.02205 2 0 57.64333333 
12 - FBC LF Barium 0.196 2 1 203.805 
12 - FBC LF Boron 0.05 1 1 20.324 
12 - FBC LF Cadmium 0.005625 2 1 0.279375 
12 - FBC LF Lead 0.025 1 1 45.66666667 
12 - FBC LF Mercury 0.00005 2 2 1.2575 
12 - FBC LF Molybdenum 0.21 1 0 15.5 
12 - FBC LF Selenium 0.04355 2 0 7.365833333 
17 - FBC LF Aluminum 4.788 5 0 46194.8 
17 - FBC LF Antimony 0.0708 5 2 14.60333333 
17 - FBC LF Arsenic 0.1378 5 0 71.46666667 
17 - FBC LF Barium 0.3512 5 1 134.975 
17 - FBC LF Boron 0.4404 5 1 34.06333333 
17 - FBC LF Cadmium 0.0434 5 2 3.058333333 
17 - FBC LF Lead 0.2372 5 2 49.65 
17 - FBC LF Mercury 0.01022 5 5 1.60345 
17 - FBC LF Molybdenum 0.097 5 1 3.515 
17 - FBC LF Selenium 0.06315 5 2 3.301666667 
18 - FBC LF Aluminum 1.333333333 3 0 23501.33333 
18 - FBC LF Antimony 0.025 3 3 5 
18 - FBC LF Arsenic 0.025 3 3 53.33333333 
18 - FBC LF Barium 0.175 3 1 211.3333333 
18 - FBC LF Boron 1.341666667 3 1 532.3333333 
18 - FBC LF Cadmium 0.025 3 3 2.5 
18 - FBC LF Cobalt 0.025 3 3 11 
18 - FBC LF Lead 0.025 3 3 22 
18 - FBC LF Mercury 0.0005 3 2 0.268333333 
18 - FBC LF Molybdenum 0.175 3 1 7.666666667 
18 – FBC LF Selenium 0.108333333 3 1 0.5 
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


18 - FBC LF Thallium 0.025 3 3 1 
19 - FBC LF Arsenic 0.0875 2 1 6.25 
19 - FBC LF Barium 0.27 2 1 39.2 
19 - FBC LF Cadmium 0.01375 2 2 2.5 
19 - FBC LF Lead 0.0675 2 2 3.75 
19 - FBC LF Mercury 0.00125 2 1 0.125 
19 - FBC LF Selenium 0.06875 2 2 6.25 
20 - FBC LF Aluminum 10.81 12 0 34329.16522 
20 - FBC LF Antimony 0.787 10 0 46.28125 
20 - FBC LF Arsenic 0.035 12 0 15.03130435 
20 - FBC LF Barium 0.381818182 11 0 255.4608696 
20 - FBC LF Boron 0.457142857 7 0 28.0025 
20 - FBC LF Cadmium 0.03625 8 0 2.089166667 
20 - FBC LF Lead 0.301111111 9 0 36.20052632 
20 - FBC LF Mercury 0.29 1 0 0.454 
20 - FBC LF Molybdenum 0.392857143 7 0 12.10111111 
20 - FBC LF Selenium 0.088571429 7 0 4.177333333 
21 - FBC LF Aluminum 1.91 3 0 14677.33167 
21 - FBC LF Antimony 0.001833333 3 3 1.083333333 
21 - FBC LF Arsenic 0.012 3 0 10.76666667 
21 - FBC LF Barium 0.022333333 3 2 176.2666667 
21 - FBC LF Boron 0.036666667 3 2 14.38333333 
21 - FBC LF Cadmium 0.002083333 3 3 0.145833333 
21 - FBC LF Cobalt 0.008333333 3 2 5.756666667 
21 - FBC LF Lead 0.009166667 3 3 27.3 
21 - FBC LF Mercury 0.000133333 3 2 0.431666667 
21 - FBC LF Molybdenum 0.0125 3 3 3.708333333 
21 - FBC LF Selenium 0.016666667 3 0 10.9 
2-18 - Ash LF Arsenic 0.41794375 16 3  
2-18 - Ash LF Barium 0.4305625 16 0  
2-18 - Ash LF Boron 1.0160625 16 0  
2-18 - Ash LF Cadmium 0.05825 16 11  
2-18 - Ash LF Lead 0.2819375 16 11  
2-18 - Ash LF Mercury 0.000115625 16 16  
2-18 - Ash LF Selenium 0.01534375 16 8  
22 - FBC LF Arsenic 0.055 5 3  
22 - FBC LF Barium 0.5405 5 1  
22 - FBC LF Cadmium 0.003 5 5  
22 - FBC LF Lead 0.015 5 5  
22 - FBC LF Mercury 0.0002 5 3  
22 - FBC LF Molybdenum 0.0125 2 2  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


22 - FBC LF Selenium 0.032 5 5  
23 - FBC LF Barium 0.81 4 0  
25 - FBC LF Arsenic 0.125 1 1  
25 - FBC LF Barium 2.5 1 1  
25 - FBC LF Cadmium 0.025 1 1  
25 - FBC LF Lead 0.125 1 1  
25 - FBC LF Mercury 0.005 1 1  
25 - FBC LF Selenium 0.025 1 1  
28 - FBC LF Barium 2.525 2 0 235.11875 
30 - FBC LF Aluminum 6.894555556 18 7 28246.46923 
30 - FBC LF Antimony 0.548082353 17 2 61.49315385 
30 - FBC LF Arsenic 0.050694444 18 3 48.55980769 
30 - FBC LF Barium 0.286388889 18 6 120.0687692 
30 - FBC LF Boron 0.31759375 16 7 30.83913462 
30 - FBC LF Cadmium 0.023125 14 3 1.916230769 
30 - FBC LF Lead 0.240805556 18 4 39.36092308 
30 - FBC LF Mercury 0.000744444 18 17 10.91689923 
30 - FBC LF Molybdenum 0.138125 16 10 14.50257692 
30 - FBC LF Selenium 0.10475 16 10 5.603596154 
31 - FBC LF Aluminum 0.28 1 0 29437.5 
31 - FBC LF Antimony 0.00065 1 1 5.0325 
31 - FBC LF Arsenic 0.0687 4 2 26.825 
31 - FBC LF Barium 0.58275 4 0 170.25 
31 - FBC LF Boron 26.7 1 0 930 
31 - FBC LF Cadmium 0.02775 4 3 5.45 
31 - FBC LF Cobalt 0.0065 1 0 6.42 
31 - FBC LF Lead 0.03025 4 3 1.19 
31 - FBC LF Mercury 0.00095 4 1 0.61 
31 - FBC LF Molybdenum 0.085 1 0 8 
31 - FBC LF Selenium 0.06485 4 2 7.54 
32 - FBC LF Arsenic 0.35 1 1 1.4 
32 - FBC LF Barium 0.085 1 0  
32 - FBC LF Cadmium 0.005 1 1 0.009 
32 - FBC LF Lead 0.05 1 1 0.45 
32 - FBC LF Mercury 0.0001 1 1 0.03 
32 - FBC LF Selenium 0.175 1 1 3.5 
33 - FBC LF Arsenic 0.015 1 1  
33 - FBC LF Barium 42 1 0  
33 - FBC LF Boron 0.06 1 0  
33 - FBC LF Cadmium 0.00125 1 1  
33 - FBC LF Cobalt 0.0025 1 1  
33 - FBC LF Mercury 0.00005 1 1  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


33 - FBC LF Selenium 0.01 1 1  
35 - FBC LF Arsenic 0.015 1 1  
35 - FBC LF Barium 2.6 1 0  
35 - FBC LF Cadmium 0.009 1 0  
35 - FBC LF Lead 0.035 1 1  
35 - FBC LF Mercury 0.00025 1 1  
35 - FBC LF Selenium 0.2 1 0  
37 - FBC LF Arsenic 0.011102941 17 9 5.79 
37 - FBC LF Barium 2.104705882 17 2  
37 - FBC LF Boron 1.125 5 1 15.9 
37 - FBC LF Cadmium 0.046176471 17 4 4.183333333 
37 - FBC LF Cobalt 0.246 5 0  
37 - FBC LF Lead 0.287352941 17 6 55 
37 - FBC LF Mercury 0.001314706 17 4 0.01125 
37 - FBC LF Selenium 0.01075 17 9 3.42 
38 - FBC LF Aluminum 2.256666667 9 2 26711.25 
38 - FBC LF Antimony 0.213069444 9 6 11.27770833 
38 - FBC LF Arsenic 0.024554444 9 3 25.136075 
38 - FBC LF Barium 0.178888889 9 4 181.0083333 
38 - FBC LF Boron 0.346555556 9 2 26.98916667 
38 - FBC LF Cadmium 0.007388889 9 5 0.71625 
38 - FBC LF Cobalt 0.008566667 3 2 4.515 
38 - FBC LF Lead 0.0565 9 6 28.54166667 
38 - FBC LF Mercury 0.000344444 9 8 0.18195 
38 - FBC LF Molybdenum 0.177375 8 2 14.1875 
38 - FBC LF Selenium 0.088561111 9 4 7.682450833 
39 - FBC LF Arsenic 0.075 1 1 14.5 
39 - FBC LF Barium 0.395 2 1 590 
39 - FBC LF Boron 0.76 1 0  
39 - FBC LF Cadmium 0.005 1 1 0.5 
39 - FBC LF Lead 0.025 1 1 15 
39 - FBC LF Mercury 0.00025 1 1 0.17 
39 - FBC LF Molybdenum 0.14 1 0 13.5 
39 - FBC LF Selenium 0.025 1 1 21.5 
4 - FBC LF Aluminum 13.556 5 0 16084.68429 
4 - FBC LF Antimony 0.2236 5 2 26.78817857 
4 - FBC LF Arsenic 0.271 5 0 28.03585714 
4 - FBC LF Barium 0.6346 5 1 154.95 
4 - FBC LF Boron 0.693 4 0 13.026 
4 - FBC LF Cadmium 0.0115 5 2 0.646539286 
4 - FBC LF Lead 0.1834 5 1 18.35671429 
4 - FBC LF Mercury 0.00005 5 5 0.087192857 
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


4 - FBC LF Molybdenum 0.286666667 3 0 16.18257143 
4 - FBC LF Selenium 0.0620625 4 2 1.505421429 
41 - FBC LF Antimony 0.025 5 5 1.551333333 
41 - FBC LF Arsenic 0.035471698 53 50 13.72255319 
41 - FBC LF Barium 0.095694444 54 25 19.05490196 
41 - FBC LF Cadmium 0.022355769 52 51 0.427826087 
41 - FBC LF Lead 0.017548077 52 51 0.935208333 
41 - FBC LF Mercury 0.000596154 52 50 0.119542553 
41 - FBC LF Selenium 0.024433962 53 51 1.505744681 
41 - FBC LF Thallium 0.031 5 4 3.662790698 
42 - FBC LF Arsenic 0.0125 2 2  
42 - FBC LF Barium 0.1625 2 1  
42 - FBC LF Cadmium 0.005 2 2  
42 - FBC LF Lead 0.0075 2 2  
42 - FBC LF Mercury 0.0005 2 2  
42 - FBC LF Selenium 0.0125 2 2  
43 - FBC LF Arsenic 0.0125 2 2  
43 - FBC LF Barium 0.0875 2 1  
43 - FBC LF Cadmium 0.005 2 2  
43 - FBC LF Lead 0.0075 2 2  
43 - FBC LF Mercury 0.0005 2 2  
43 - FBC LF Selenium 0.08625 2 1  
6 - FBC LF Aluminum 0.1525 2 1 42736.5 
6 - FBC LF Antimony 0.05 2 2 16.25 
6 - FBC LF Arsenic 0.09125 2 1 126.6 
6 - FBC LF Barium 0.285 2 0 221.5 
6 - FBC LF Boron 0.1425 2 1 73.8 
6 - FBC LF Cadmium 0.0025 2 2 1.29625 
6 - FBC LF Lead 0.01375 2 2 8.1125 
6 - FBC LF Mercury 0.00005 2 2 1.16 
6 - FBC LF Molybdenum 0.09 2 0 1.425 
6 - FBC LF Selenium 0.1025 2 1 84.5625 
Amerikohl - FBC LF Aluminum 0.753333333 3 0 51600 
Amerikohl - FBC LF Antimony 0.345 3 3 20 
Amerikohl - FBC LF Arsenic 0.024166667 3 3 114 
Amerikohl - FBC LF Barium 0.1 3 3 140 
Amerikohl - FBC LF Boron 0.346666667 3 1 60 
Amerikohl - FBC LF Cadmium 0.004166667 3 3 0.15 
Amerikohl - FBC LF Cobalt 0.175 3 3 30 
Amerikohl - FBC LF Lead 0.009166667 3 3 23 
Amerikohl - FBC LF Mercury 0.0005 3 3 0.15 
Amerikohl - FBC LF Molybdenum 0.266666667 3 1 10 


(continued)







Appendix A Attachment A-2: CCW Constituent Data 


 A-2-6 


CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Amerikohl - FBC LF Nitrate/Nitrite 3.15 3 3  
Amerikohl - FBC LF Selenium 0.044166667 3 3 3.5 
Arkwright - Ash LF Arsenic 0.07 1 0  
Arkwright - Ash LF Barium 0.4 1 0  
Arkwright - Ash LF Cadmium 0.01 1 0  
Arkwright - Ash LF Lead 0.04 1 0  
Arkwright - Ash LF Selenium 0.02 1 0  
Barry - Ash LF Arsenic 1 1 0  
Barry - Ash LF Barium 0.7 1 0  
Barry - Ash LF Cadmium 0.005 1 0  
Barry - Ash LF Lead 0.04 1 0  
Barry - Ash LF Selenium 0.07 1 0  
Belle Ayr - Ash LF Aluminum 0.036666667 3 0  
Belle Ayr - Ash LF Antimony 0.021 2 0  
Belle Ayr - Ash LF Arsenic 0.181 3 0  
Belle Ayr - Ash LF Barium 1.163333333 3 0  
Belle Ayr - Ash LF Cobalt 0.0075 2 0  
Belle Ayr - Ash LF Molybdenum 0.325 3 0  
Belle Ayr - Ash LF Selenium 0.652333333 3 0  
Big Gorilla Pit - FBC LF Aluminum 3.774166667 12 0 18440.58824 
Big Gorilla Pit - FBC LF Antimony 0.037166667 12 1 1.244485294 
Big Gorilla Pit - FBC LF Arsenic 0.023181818 22 21 7.534117647 
Big Gorilla Pit - FBC LF Barium 0.243636364 11 3 147.7320588 
Big Gorilla Pit - FBC LF Boron 0.677916667 12 2 29.64058824 
Big Gorilla Pit - FBC LF Cadmium 0.015227273 22 22 0.58728125 
Big Gorilla Pit - FBC LF Cobalt 0.008553571 14 11 2.374214286 
Big Gorilla Pit - FBC LF Lead 0.08125 12 7 19.51823529 
Big Gorilla Pit - FBC LF Mercury 0.001704545 22 19 0.302990909 
Big Gorilla Pit - FBC LF Molybdenum 0.1202 10 1 6.429333333 
Big Gorilla Pit - FBC LF Nitrate/Nitrite 1.755857143 14 3  
Big Gorilla Pit - FBC LF Selenium 0.10975 12 1 7.159397059 
Bowen - Ash LF Arsenic 0.6 1 0 68 
Bowen - Ash LF Barium 0.3 1 0 974 
Bowen - Ash LF Cadmium 0.01 1 0 0.7 
Bowen - Ash LF Lead 0.04 1 0 63.9 
Bowen - Ash LF Selenium 0.1 1 0  
Branch - Ash LF Arsenic 0.04 1 0  
Branch - Ash LF Barium 0.5 1 0  
Branch - Ash LF Cadmium 0.01 1 0  
Branch - Ash LF Lead 0.04 1 0  
Branch - Ash LF Selenium 0.06 1 0  
Buckheart Mine - Ash LF Antimony 0.01854 40 14  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Buckheart Mine - Ash LF Arsenic 0.122357143 42 13  
Buckheart Mine - Ash LF Barium 0.364809524 42 0  
Buckheart Mine - Ash LF Boron 9.998738095 42 0  
Buckheart Mine - Ash LF Cadmium 0.0235 42 8  
Buckheart Mine - Ash LF Cobalt 0.048047619 42 17  
Buckheart Mine - Ash LF Lead 0.27887619 42 9  
Buckheart Mine - Ash LF Mercury 0.000107143 42 40  
Buckheart Mine - Ash LF Selenium 0.118266667 42 26  
Buckheart Mine - Ash LF Thallium 0.017875 40 10  
Buckheart Mine - FBC LF Antimony 0.0018125 8 8  
Buckheart Mine - FBC LF Arsenic 0.0465 8 5  
Buckheart Mine - FBC LF Barium 0.560125 8 1  
Buckheart Mine - FBC LF Boron 3.157 8 0  
Buckheart Mine - FBC LF Cadmium 0.0033125 8 7  
Buckheart Mine - FBC LF Cobalt 0.02875 8 7  
Buckheart Mine - FBC LF Lead 0.036 8 4  
Buckheart Mine - FBC LF Mercury 0.0005 8 4  
Buckheart Mine - FBC LF Selenium 0.050625 8 5  
Buckheart Mine - FBC LF Thallium 0.001 8 8  
CAER - Ash LF Arsenic 1.132 5 0 77.32222222 
CAER - Ash LF Barium 0.315 5 0 537.6666667 
CAER - Ash LF Cadmium 0.0942 5 0  
CAER - Ash LF Lead 0.1 5 2 73.62375 
CAER - Ash LF Mercury 0.00025 5 5  
CAER - Ash LF Selenium 0.103 5 0  
Canton Site - Ash LF Aluminum 9.818127778 36 0  
Canton Site - Ash LF Arsenic 0.0025 2 2  
Canton Site - Ash LF Barium 3.0156 10 0  
Canton Site - Ash LF Boron 18.62468571 35 0  
Canton Site - Ash LF Cadmium 0.0005 2 2  
Canton Site - Ash LF Cobalt 0.02 1 1  
Canton Site - Ash LF Lead 0.1865 2 0  
Canton Site - Ash LF Mercury 0.0001 1 1  
Canton Site - Ash LF Molybdenum 30.9359 20 0  
Canton Site - Ash LF Nitrate/Nitrite 0.095 1 0  
Canton Site - Ash LF Selenium 0.0374 1 0  
Canton Site - FBC LF Aluminum 2.461866667 24 0  
Canton Site - FBC LF Arsenic 0.005 1 1  
Canton Site - FBC LF Barium 0.02 1 0  
Canton Site - FBC LF Boron 1.5602625 16 0  
Canton Site - FBC LF Cadmium 0.066 1 0  
Canton Site - FBC LF Lead 0.062 1 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Canton Site – FBC LF Mercury 0.0005 1 1  
Canton Site – FBC LF Molybdenum 1.768009524 21 0  
Canton Site – FBC LF Selenium 0.005 1 1  
Central Cleaning Plant - Ash LF Antimony 0.008205882 17 17  
Central Cleaning Plant - Ash LF Arsenic 0.005 17 17  
Central Cleaning Plant - Ash LF Barium 0.168164706 17 0  
Central Cleaning Plant - Ash LF Boron 7.213823529 17 0  
Central Cleaning Plant - Ash LF Cadmium 0.004117647 17 16  
Central Cleaning Plant - Ash LF Cobalt 0.019588235 17 15  
Central Cleaning Plant - Ash LF Lead 0.022782353 17 11  
Central Cleaning Plant - Ash LF Mercury 0.000568824 17 11  
Central Cleaning Plant - Ash LF Selenium 0.040211765 17 0  
Central Cleaning Plant - Ash LF Thallium 0.005 17 17  
CL - Ash and Coal Refuse LF Aluminum 2.58 3 0  
CL - Ash and Coal Refuse LF Antimony 0.0041 3 0  
CL - Ash and Coal Refuse LF Arsenic 0.121266667 3 0  
CL - Ash and Coal Refuse LF Barium 3.63 3 0  
CL - Ash and Coal Refuse LF Boron 0.103133333 3 0  
CL - Ash and Coal Refuse LF Cadmium 0.001 3 0  
CL - Ash and Coal Refuse LF Cobalt 0.006066667 3 1  
CL - Ash and Coal Refuse LF Lead 0.003533333 3 0  
CL - Ash and Coal Refuse LF Mercury 0.00005 6 6  
CL - Ash and Coal Refuse LF Selenium 0.0452 3 0  
CL - Ash and Coal Refuse LF Thallium 0.003483333 3 1  
Coal Creek - Ash LF Arsenic 0.0109 2 0 0.086 
Coal Creek - Ash LF Barium 0.6105 2 0 4.76 
Coal Creek - Ash LF Boron 6.22 2 0 1.1105 
Coal Creek - Ash LF Cadmium 0.00015 2 2 0.00045 
Coal Creek - Ash LF Lead 0.001 2 2 0.02025 
Coal Creek - Ash LF Mercury 0.000005 2 2 0.0006 
Coal Creek - Ash LF Selenium 0.0555 2 1 0.00505 
Colver Site - FBC LF Aluminum 0.248333333 6 1 78878.83333 
Colver Site - FBC LF Antimony 0.196666667 6 2 166.5 
Colver Site - FBC LF Arsenic 0.0875 6 1 124.2 
Colver Site - FBC LF Barium 0.291666667 6 0 443.8333333 
Colver Site - FBC LF Boron 0.261666667 6 1 62.6 
Colver Site - FBC LF Cadmium 0.016666667 6 2 9.994166667 
Colver Site - FBC LF Lead 0.190833333 6 2 192.075 
Colver Site - FBC LF Mercury 0.00015 6 5 0.586666667 
Colver Site - FBC LF Molybdenum 0.143333333 6 0 30.65833333 
Colver Site - FBC LF Selenium 0.48 6 1 68.70833333 
Conemaugh - Ash LF Aluminum 1.245 2 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Conemaugh - Ash LF Antimony 0.075 1 1  
Conemaugh - Ash LF Arsenic 0.388333333 3 1  
Conemaugh - Ash LF Barium 0.331666667 3 0  
Conemaugh - Ash LF Boron 0.91 1 0  
Conemaugh - Ash LF Cadmium 0.01 3 0  
Conemaugh - Ash LF Cobalt 0.026 1 0  
Conemaugh - Ash LF Lead 0.1 2 2  
Conemaugh - Ash LF Mercury 0.00055 2 2  
Conemaugh - Ash LF Molybdenum 0.355 2 0  
Conemaugh - Ash LF Selenium 0.295 2 1  
Conemaugh - Ash LF Thallium 0.024 1 0  
Conemaugh - Ash and Coal 
Refuse 


LF Aluminum 1.467666667 3 0  


Conemaugh - Ash and Coal 
Refuse 


LF Antimony 0.075 3 3  


Conemaugh - Ash and Coal 
Refuse 


LF Arsenic 0.625 2 2  


Conemaugh - Ash and Coal 
Refuse 


LF Barium 0.145666667 3 0  


Conemaugh - Ash and Coal 
Refuse 


LF Boron 0.095 2 0  


Conemaugh - Ash and Coal 
Refuse 


LF Cadmium 0.002 3 3  


Conemaugh - Ash and Coal 
Refuse 


LF Cobalt 0.009 1 0  


Conemaugh - Ash and Coal 
Refuse 


LF Lead 0.073333333 3 2  


Conemaugh - Ash and Coal 
Refuse 


LF Mercury 0.0004 3 2  


Conemaugh - Ash and Coal 
Refuse 


LF Molybdenum 0.01 1 0  


Conemaugh - Ash and Coal 
Refuse 


LF Selenium 0.179833333 3 1  


Conemaugh - Ash and Coal 
Refuse 


LF Thallium 0.005 1 0  


Crist - Ash LF Arsenic 0.02 1 0  
Crist - Ash LF Barium 0.1 1 0  
Crist - Ash LF Cadmium 0.02 1 0  
Crist - Ash LF Lead 0.003 1 0  
Crist - Ash LF Selenium 0.05 1 0  
Crown III - Ash LF Antimony 0.071159259 54 10  
Crown III - Ash LF Arsenic 0.352503226 62 29  
Crown III - Ash LF Barium 0.279112903 62 3  
Crown III - Ash LF Boron 22.93277419 62 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Crown III - Ash LF Cadmium 0.128258065 62 3  
Crown III - Ash LF Cobalt 0.101225806 62 17  
Crown III - Ash LF Lead 0.605616935 62 19  
Crown III - Ash LF Mercury 0.000104839 62 61  
Crown III - Ash LF Molybdenum 0.588888889 9 4  
Crown III - Ash LF Selenium 0.03946129 62 46  
Crown III - Ash LF Thallium 0.0645 54 18  
Crown III - FBC LF Antimony 0.0135 17 9  
Crown III - FBC LF Arsenic 0.034822581 31 26 3.766666667 
Crown III - FBC LF Barium 0.346774194 31 2 150 
Crown III - FBC LF Boron 2.815296296 27 1  
Crown III - FBC LF Cadmium 0.011241935 31 22 2.17 
Crown III - FBC LF Cobalt 0.02475 24 16  
Crown III - FBC LF Lead 0.068645161 31 17 8.233333333 
Crown III - FBC LF Mercury 0.000164516 31 27 0.381 
Crown III - FBC LF Molybdenum 0.1522 10 2  
Crown III - FBC LF Selenium 0.061467742 31 27 3.3 
Crown III - FBC LF Thallium 0.004941176 17 11  
CTL-V - Ash LF Antimony 0.26 1 0  
CTL-V - Ash LF Arsenic 0.037 1 0  
CTL-V - Ash LF Barium 0.247 1 0  
CTL-V - Ash LF Cadmium 0.04 1 0  
CTL-V - Ash LF Lead 0.072 1 0  
CTL-V - Ash LF Mercury 0.001 1 0  
CTL-V - Ash LF Selenium 0.014 1 0  
CTL-V - Ash LF Thallium 0.01 1 0  
CY - Ash LF Aluminum 4.735 2 0  
CY - Ash LF Antimony 0.0078 2 0  
CY - Ash LF Arsenic 0.04825 2 0  
CY - Ash LF Barium 1.2395 2 0  
CY - Ash LF Boron 6.13 2 0  
CY - Ash LF Cadmium 0.0002075 2 1  
CY - Ash LF Cobalt 0.001915 4 4  
CY - Ash LF Lead 0.003555 2 1  
CY - Ash LF Mercury 0.000265 2 0  
CY - Ash LF Selenium 0.004825 2 1  
CY - Ash LF Thallium 0.00196 4 4  
Dairyland Power Coop - Ash LF Arsenic 0.0328625 8 0  
Dairyland Power Coop - Ash LF Barium 0.058740741 27 0  
Dairyland Power Coop - Ash LF Boron 68.03979592 49 0  
Dairyland Power Coop - Ash LF Cadmium 0.00539 34 0  
Dairyland Power Coop - Ash LF Lead 0.0046 7 2  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Dairyland Power Coop - Ash LF Mercury 0.000223 2 1  
Dairyland Power Coop - Ash LF Selenium 0.0696375 8 0  
Daniel - Ash LF Arsenic 0.2 1 0  
Daniel - Ash LF Barium 0.4 1 0  
Daniel - Ash LF Cadmium 0.001 1 1  
Daniel - Ash LF Lead 0.001 1 1  
Daniel - Ash LF Selenium 0.001 1 1  
Deer Ridge Mine - Ash LF Aluminum 0.5941 10 1 64681.487 
Deer Ridge Mine - Ash LF Arsenic 0.0029 10 6 21.29419 
Deer Ridge Mine - Ash LF Barium 0.1448 10 2 258.468 
Deer Ridge Mine - Ash LF Boron 1.228 10 2 179.354 
Deer Ridge Mine - Ash LF Cadmium 0.01365 10 1 0.94425 
Deer Ridge Mine - Ash LF Lead 0.0253 10 2 58.48 
Deer Ridge Mine - Ash LF Mercury 0.00011025 10 10 0.1158 
Deer Ridge Mine - Ash LF Molybdenum 0.0756 10 4 6.6287 
Deer Ridge Mine - Ash LF Nitrate/Nitrite 0.095 3 2  
Deer Ridge Mine - Ash LF Selenium 0.01022 10 2 13.1061 
DPC - Ash LF Antimony 0.04 2 1 0.475 
DPC - Ash LF Arsenic 0.051 2 0 55.085 
DPC - Ash LF Barium 0.28 2 0 37.7 
DPC - Ash LF Boron 27.945 2 0 404.05 
DPC - Ash LF Cadmium 0.005 4 4 0.56 
DPC - Ash LF Lead 0.025 4 4 28.7 
DPC - Ash LF Mercury 0.001 2 2 0.127 
DPC - Ash LF Nitrate/Nitrite 2.5 2 0 0.2425 
DPC - Ash LF Selenium 0.046 2 0 3.4445 
EERC - Ash LF Mercury 0.000025 4 4  
Elkhart Mine - Ash LF Antimony 0.025192308 52 46  
Elkhart Mine - Ash LF Arsenic 0.043571429 77 71  
Elkhart Mine - Ash LF Barium 0.495324675 77 23  
Elkhart Mine - Ash LF Boron 6.88961039 77 0  
Elkhart Mine - Ash LF Cadmium 0.022551948 77 41  
Elkhart Mine - Ash LF Cobalt 0.012785714 77 57  
Elkhart Mine - Ash LF Lead 0.027987013 77 66  
Elkhart Mine - Ash LF Mercury 0.000148052 77 68  
Elkhart Mine - Ash LF Selenium 0.036649351 77 64  
Elkhart Mine - Ash LF Thallium 0.015942308 52 48  
Elkhart Mine - FBC LF Antimony 0.021875 16 15  
Elkhart Mine - FBC LF Arsenic 0.034512195 41 37  
Elkhart Mine - FBC LF Barium 0.525365854 41 5  
Elkhart Mine - FBC LF Boron 13.13829268 41 0  
Elkhart Mine - FBC LF Cadmium 0.003536585 41 41  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Elkhart Mine - FBC LF Cobalt 0.007219512 41 39  
Elkhart Mine - FBC LF Lead 0.017195122 41 34  
Elkhart Mine - FBC LF Mercury 0.000104878 41 40  
Elkhart Mine - FBC LF Selenium 0.035365854 41 33  
Elkhart Mine - FBC LF Thallium 0.02390625 16 15  
FBX - Ash LF Arsenic 0.0025 2 2  
FBX - Ash LF Barium 29.6225 2 1  
FBX - Ash LF Cadmium 0.2 2 2  
FBX - Ash LF Lead 0.5 2 2  
FBX - Ash LF Mercury 0.00025 2 2  
FBX - Ash LF Selenium 0.01375 2 2  
FC - Ash and Coal Refuse LF Aluminum 13.8 2 0  
FC - Ash and Coal Refuse LF Antimony 0.00105 4 4  
FC - Ash and Coal Refuse LF Arsenic 0.005 2 0  
FC - Ash and Coal Refuse LF Barium 0.602 2 0  
FC - Ash and Coal Refuse LF Boron 2.54 2 0  
FC - Ash and Coal Refuse LF Cadmium 0.00015 4 4  
FC - Ash and Coal Refuse LF Cobalt 0.0029 2 0  
FC - Ash and Coal Refuse LF Lead 0.00345 2 0  
FC - Ash and Coal Refuse LF Mercury 0.00005 4 4  
FC - Ash and Coal Refuse LF Selenium 0.01765 2 0  
FC - Ash and Coal Refuse LF Thallium 0.00185 4 4  
Florence Mine - Ash LF Aluminum 0.03 1 0  
Florence Mine - Ash LF Antimony 0.005 1 1  
Florence Mine - Ash LF Arsenic 0.07 1 0  
Florence Mine - Ash LF Barium 2.23 1 0  
Florence Mine - Ash LF Boron 0.01 1 1  
Florence Mine - Ash LF Cadmium 0.01 1 1  
Florence Mine - Ash LF Lead 0.001 1 0  
Florence Mine - Ash LF Mercury 0.002 1 0  
Florence Mine - Ash LF Molybdenum 0.01 1 1  
Florence Mine - Ash LF Nitrate/Nitrite 1.2 1 0  
Florence Mine - Ash LF Selenium 0.06 1 0  
Fran Site - FBC LF Aluminum 0.32 1 0  
Fran Site - FBC LF Antimony 0.005 1 1  
Fran Site - FBC LF Arsenic 0.02 1 0  
Fran Site - FBC LF Barium 0.08 1 0  
Fran Site - FBC LF Boron 0.43 1 0  
Fran Site - FBC LF Cadmium 0.005 1 1  
Fran Site - FBC LF Lead 0.005 1 1  
Fran Site - FBC LF Nitrate/Nitrite 1.22 1 0  
Fran Site - FBC LF Selenium 0.03 1 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


FW - FBC LF Arsenic 0.02525 4 3  
FW - FBC LF Barium 0.304 4 0  
FW - FBC LF Cadmium 0.005 4 4  
FW - FBC LF Lead 0.05 4 4  
FW - FBC LF Mercury 0.001 4 4  
FW - FBC LF Selenium 0.1 4 4  
Gadsden - Ash LF Arsenic 0.2 1 0  
Gadsden - Ash LF Barium 0.3 1 0  
Gadsden - Ash LF Cadmium 0.01 1 0  
Gadsden - Ash LF Lead 0.04 1 0  
Gadsden - Ash LF Selenium 0.03 1 0  
Gale - Ash LF Aluminum 3.1 1 0 13630 
Gale - Ash LF Antimony 0.03 1 0 3 
Gale - Ash LF Arsenic 0.42 1 0 51.5 
Gale - Ash LF Barium 1.7 1 0 143 
Gale - Ash LF Boron 0.22 1 0 25 
Gale - Ash LF Cadmium 0.01 1 0 1 
Gale - Ash LF Lead 0.23 1 0 21 
Gale - Ash LF Molybdenum 0.05 1 0 5 
Gale - Ash LF Selenium 0.1 1 0 4.4 
Gaston - Ash LF Arsenic 1.8 1 0  
Gaston - Ash LF Barium 0.3 1 0  
Gaston - Ash LF Cadmium 0.01 1 0  
Gaston - Ash LF Lead 0.05 1 0  
Gaston - Ash LF Selenium 0.003 1 0  
Gorgas - Ash LF Arsenic 1.6 1 0  
Gorgas - Ash LF Barium 0.3 1 0  
Gorgas - Ash LF Cadmium 0.01 1 0  
Gorgas - Ash LF Lead 0.04 1 0  
Gorgas - Ash LF Selenium 0.002 1 0  
Greene Co - Ash LF Arsenic 1.1 1 0  
Greene Co - Ash LF Barium 0.4 1 0  
Greene Co - Ash LF Cadmium 0.01 1 0  
Greene Co - Ash LF Lead 0.04 1 0  
Greene Co - Ash LF Selenium 0.003 1 0  
HA - Ash and Coal Refuse LF Aluminum 1.71925 4 0 5666.666667 
HA - Ash and Coal Refuse LF Antimony 0.003905 4 2  
HA - Ash and Coal Refuse LF Arsenic 0.024975 4 0 9.666666667 
HA - Ash and Coal Refuse LF Barium 1.01675 4 0 186.6666667 
HA - Ash and Coal Refuse LF Boron 0.64545 4 0 14 
HA - Ash and Coal Refuse LF Cadmium 0.0039275 4 0 0.25 
HA - Ash and Coal Refuse LF Cobalt 0.01517875 4 1  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


HA - Ash and Coal Refuse LF Lead 0.00378 4 2 8.7 
HA - Ash and Coal Refuse LF Mercury 0.0001 4 0 0.065 
HA - Ash and Coal Refuse LF Selenium 0.005025 4 0 0.534166667 
HA - Ash and Coal Refuse LF Thallium 0.00196 8 8  
Hammond - Ash LF Arsenic 0.1 1 0  
Hammond - Ash LF Barium 0.3 1 0  
Hammond - Ash LF Cadmium 0.01 1 0  
Hammond - Ash LF Lead 0.05 1 0  
Hammond - Ash LF Selenium 0.02 1 0  
Harrim 3019 - Ash LF Aluminum 5.21 1 0 46577 
Harrim 3019 - Ash LF Antimony 0.0058 1 0 646.4 
Harrim 3019 - Ash LF Arsenic 0.178 1 0 50.43172727 
Harrim 3019 - Ash LF Barium 0.32 1 0 319.89 
Harrim 3019 - Ash LF Molybdenum 0.594 1 0 17.9 
Harrim 3019 - Ash LF Nitrate/Nitrite 1.99 1 0  
Harrim 3019 - Ash LF Selenium 0.0468 1 0 1.405714286 
Harrim 3019 - FBC LF Aluminum 0.67375 8 0  
Harrim 3019 - FBC LF Antimony 0.002 1 0  
Harrim 3019 - FBC LF Barium 0.465888889 9 0  
Harrim 3019 - FBC LF Boron 0.07 1 0  
Harrim 3019 - FBC LF Cobalt 0.1385 6 0  
Harrim 3019 - FBC LF Lead 0.24 5 0  
Harrim 3019 - FBC LF Molybdenum 0.347714286 7 0  
Harrim 3019 - FBC LF Nitrate/Nitrite 0.199333333 3 0  
Harrim 3019 - FBC LF Selenium 0.019 2 0  
Industry Mine - Ash LF Antimony 0.031597143 70 12  
Industry Mine - Ash LF Arsenic 0.050248454 97 51  
Industry Mine - Ash LF Barium 0.328329897 97 13  
Industry Mine - Ash LF Boron 4.719969072 97 0  
Industry Mine - Ash LF Cadmium 0.059061856 97 7  
Industry Mine - Ash LF Cobalt 0.120010309 97 30  
Industry Mine - Ash LF Lead 3.610544845 97 16  
Industry Mine - Ash LF Mercury 0.000284536 97 92  
Industry Mine - Ash LF Selenium 0.052408247 97 64  
Industry Mine - Ash LF Thallium 0.016984286 70 12  
Industry Mine - FBC LF Antimony 0.017077778 9 4  
Industry Mine - FBC LF Arsenic 0.031111111 9 7  
Industry Mine - FBC LF Barium 9.515666667 9 0  
Industry Mine - FBC LF Boron 2.813888889 9 2  
Industry Mine - FBC LF Cadmium 0.015888889 9 7  
Industry Mine - FBC LF Cobalt 0.029333333 9 8  
Industry Mine - FBC LF Lead 0.051877778 9 6  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Industry Mine - FBC LF Mercury 0.000222222 9 8  
Industry Mine - FBC LF Selenium 0.080388889 9 4  
Industry Mine - FBC LF Thallium 0.002288889 9 6  
Key West - Ash LF Arsenic 0.005 1 1  
Key West - Ash LF Barium 1 2 0  
Key West - Ash LF Boron 0.2 1 0  
Key West - Ash LF Cadmium 0.07 1 0  
Key West - Ash LF Lead 0.4 1 0  
Key West - Ash LF Mercury 0.18 1 0  
Key West - Ash LF Selenium 0.005 1 1  
Keystone - Ash LF Aluminum 2.059 4 0  
Keystone - Ash LF Antimony 0.036 1 0  
Keystone - Ash LF Arsenic 0.30925 4 0  
Keystone - Ash LF Barium 0.40375 4 0  
Keystone - Ash LF Boron 0.72 1 0  
Keystone - Ash LF Cadmium 0.009625 4 1  
Keystone - Ash LF Cobalt 0.023 1 0  
Keystone - Ash LF Lead 0.045375 4 1  
Keystone - Ash LF Mercury 0.001 1 1  
Keystone - Ash LF Molybdenum 0.32 1 0  
Keystone - Ash LF Selenium 0.0525 4 2  
Keystone - Ash LF Thallium 0.083 1 0  
Keystone - Ash and Coal 
Refuse 


LF Aluminum 0.842 4 0  


Keystone - Ash and Coal 
Refuse 


LF Antimony 0.0015 2 2  


Keystone - Ash and Coal 
Refuse 


LF Arsenic 0.01875 4 4  


Keystone - Ash and Coal 
Refuse 


LF Barium 0.1925 4 0  


Keystone - Ash and Coal 
Refuse 


LF Boron 0.06 1 0  


Keystone - Ash and Coal 
Refuse 


LF Cadmium 0.00225 4 4  


Keystone - Ash and Coal 
Refuse 


LF Cobalt 0.022 1 0  


Keystone - Ash and Coal 
Refuse 


LF Lead 0.01875 4 4  


Keystone - Ash and Coal 
Refuse 


LF Mercury 0.001 1 1  


Keystone - Ash and Coal 
Refuse 


LF Molybdenum 0.01 2 2  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Keystone - Ash and Coal 
Refuse 


LF Selenium 0.02 4 4  


Keystone - Ash and Coal 
Refuse 


LF Thallium 0.028 1 0  


Kraft - Ash LF Arsenic 0.02 1 0  
Kraft - Ash LF Barium 0.3 1 0  
Kraft - Ash LF Cadmium 0.01 1 0  
Kraft - Ash LF Lead 0.04 1 0  
Kraft - Ash LF Selenium 0.04 1 0  
LIMB Site - Ash LF Aluminum 0.102894737 38 37  
LIMB Site - Ash LF Antimony 0.29 5 1 25 
LIMB Site - Ash LF Arsenic 0.033594737 38 6 63 
LIMB Site - Ash LF Barium 0.036552632 38 0 255 
LIMB Site - Ash LF Boron 0.521842105 38 31 400 
LIMB Site - Ash LF Cadmium 0.001031579 38 33 0.31 
LIMB Site - Ash LF Cobalt 0.005131579 38 37  
LIMB Site - Ash LF Lead 0.012789474 38 25 14.5 
LIMB Site - Ash LF Mercury 0.0001 2 2  
LIMB Site - Ash LF Molybdenum 1.527342105 38 1 2.5 
LIMB Site - Ash LF Nitrate/Nitrite 26 2 0  
LIMB Site - Ash LF Selenium 0.0199 38 24 0.25 
LIMB Site - Ash LF Thallium 0.05 5 5  
Little Sandy #10 Mine - Ash LF Aluminum 1.078 6 2 4541.666667 
Little Sandy #10 Mine - Ash LF Arsenic 0.032336364 11 8 38.293 
Little Sandy #10 Mine - Ash LF Barium 0.264454545 11 6 48.81 
Little Sandy #10 Mine - Ash LF Boron 2.630909091 11 3 157.76 
Little Sandy #10 Mine - Ash LF Cadmium 0.008290909 11 9 1.198 
Little Sandy #10 Mine - Ash LF Lead 0.022009091 11 10 56.84 
Little Sandy #10 Mine - Ash LF Mercury 0.000486364 11 10 0.24435 
Little Sandy #10 Mine - Ash LF Molybdenum 0.177272727 11 5 6.354 
Little Sandy #10 Mine - Ash LF Selenium 0.059527273 11 9 6.531 
Lone Mtn - Ash LF Aluminum 28.615 2 0  
Lone Mtn - Ash LF Antimony 0.033 2 0  
Lone Mtn - Ash LF Arsenic 0.185 2 0 76 
Lone Mtn - Ash LF Barium 0.167 2 0 1483.2 
Lone Mtn - Ash LF Cadmium 0.572 2 0 11.86 
Lone Mtn - Ash LF Cobalt 0.142 2 0 87.3 
Lone Mtn - Ash LF Mercury 0.0019 1 0  
Lone Mtn - Ash LF Molybdenum 0.4295 2 0  
Lone Mtn - Ash LF Selenium 0.328 2 0  
LS - Ash and Coal Refuse LF Aluminum 1.18 7 0  
LS - Ash and Coal Refuse LF Antimony 0.0107 4 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


LS - Ash and Coal Refuse LF Arsenic 0.0104525 16 3  
LS - Ash and Coal Refuse LF Barium 0.13220625 16 0  
LS - Ash and Coal Refuse LF Boron 18.93125 16 0  
LS - Ash and Coal Refuse LF Cadmium 0.00148 16 15  
LS - Ash and Coal Refuse LF Cobalt 0.011125 4 0  
LS - Ash and Coal Refuse LF Lead 0.0025 16 16  
LS - Ash and Coal Refuse LF Mercury 0.00007 4 3  
LS - Ash and Coal Refuse LF Molybdenum 0.886875 16 0  
LS - Ash and Coal Refuse LF Nitrate/Nitrite 3.045 32 16  
LS - Ash and Coal Refuse LF Selenium 1.05343125 16 0  
LS - Ash and Coal Refuse LF Thallium 0.00185 8 8  
Martins Creek - Ash LF Aluminum 3.18335 20 2 114229.3889 
Martins Creek - Ash LF Antimony 0.005021053 19 11 10.315 
Martins Creek - Ash LF Arsenic 0.2314 20 1 50.50530556 
Martins Creek - Ash LF Barium 0.1969 20 2 641.5466667 
Martins Creek - Ash LF Boron 3.5089 20 1 304.1266667 
Martins Creek - Ash LF Cadmium 0.0032 20 20 2.025 
Martins Creek - Ash LF Cobalt 0.024722222 18 18 66.37611111 
Martins Creek - Ash LF Lead 0.014 20 19  
Martins Creek - Ash LF Mercury 0.0001 19 19  
Martins Creek - Ash LF Molybdenum 0.195157895 19 10  
Martins Creek - Ash LF Nitrate/Nitrite 0.636428571 14 9  
Martins Creek - Ash LF Selenium 0.05717 20 8 4.043888889 
Martins Creek - Ash LF Thallium 0.003263158 19 19  
McCloskey Site - FBC LF Aluminum 0.5 2 2 27450 
McCloskey Site - FBC LF Arsenic 0.001 2 2 45.355 
McCloskey Site - FBC LF Barium 0.1 2 2 32.55 
McCloskey Site - FBC LF Boron 0.022 2 1 0.092 
McCloskey Site - FBC LF Cadmium 0.0375 2 1 0.025 
McCloskey Site - FBC LF Lead 0.05 2 2 50 
McCloskey Site - FBC LF Mercury 0.25 2 2 0.4465 
McCloskey Site - FBC LF Molybdenum 0.15 2 2 0.15 
McCloskey Site - FBC LF Selenium 0.0515675 2 2 52.315 
McDonough - Ash LF Arsenic 0.9 1 0  
McDonough - Ash LF Barium 0.5 1 0  
McDonough - Ash LF Cadmium 0.01 1 0  
McDonough - Ash LF Lead 0.04 1 0  
McDonough - Ash LF Selenium 0.2 1 0  
McIntosh - Ash LF Arsenic 0.09 1 0  
McIntosh - Ash LF Barium 0.2 1 0  
McIntosh - Ash LF Cadmium 0.6 1 0  
McIntosh - Ash LF Lead 0.03 1 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


McIntosh - Ash LF Selenium 0.03 1 0  
McKay Site - FBC LF Aluminum 0.105 2 0 30000 
McKay Site - FBC LF Antimony 0.01 2 2 2.5 
McKay Site - FBC LF Arsenic 0.025 2 2 51.5 
McKay Site - FBC LF Barium 0.27 2 0 215 
McKay Site - FBC LF Boron 0.265 2 0 41.5 
McKay Site - FBC LF Cadmium 0.005 2 2 2.5 
McKay Site - FBC LF Lead 0.03 2 1 49 
McKay Site - FBC LF Mercury 0.0001 2 2 0.345 
McKay Site - FBC LF Molybdenum 0.13 2 0 6.25 
McKay Site - FBC LF Nitrate/Nitrite 0.0175 2 1  
McKay Site - FBC LF Selenium 0.0355 2 1 1 
Miller - Ash LF Arsenic 1.3 1 0 18 
Miller - Ash LF Barium 0.1 1 0 7140 
Miller - Ash LF Cadmium 0.09 1 0 1.6 
Miller - Ash LF Lead 0.002 1 0 38 
Miller - Ash LF Selenium 0.03 1 0  
Miller Creek Mine - Ash LF Aluminum 4.78597619 42 4 22486.5969 
Miller Creek Mine - Ash LF Arsenic 0.075817021 47 16 60.54551064 
Miller Creek Mine - Ash LF Barium 0.147255319 47 0 87.49382979 
Miller Creek Mine - Ash LF Boron 2.343829787 47 3 167.0508511 
Miller Creek Mine - Ash LF Cadmium 0.009771277 47 31 1.850959894 
Miller Creek Mine - Ash LF Lead 0.034382979 47 24 51.50851064 
Miller Creek Mine - Ash LF Mercury 0.000255319 47 46 0.06780663 
Miller Creek Mine - Ash LF Molybdenum 0.166808511 47 17 9.819680851 
Miller Creek Mine - Ash LF Selenium 0.047102128 47 23 6.492617021 
Mine 26 - Ash LF Antimony 0.0125 6 6  
Mine 26 - Ash LF Arsenic 0.022333333 9 8  
Mine 26 - Ash LF Barium 0.388111111 9 1  
Mine 26 - Ash LF Boron 9.266666667 9 0  
Mine 26 - Ash LF Cadmium 0.008555556 9 4  
Mine 26 - Ash LF Cobalt 0.021744444 9 5  
Mine 26 - Ash LF Lead 0.148111111 9 6  
Mine 26 - Ash LF Mercury 0.0003 9 9  
Mine 26 - Ash LF Selenium 0.026388889 9 6  
Mine 26 - Ash LF Thallium 0.006833333 6 5  
Mine 26 - Ash and Coal 
Refuse 


LF Antimony 0.01 2 2  


Mine 26 - Ash and Coal 
Refuse 


LF Arsenic 0.054285714 7 5  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Mine 26 - Ash and Coal 
Refuse 


LF Barium 0.615714286 7 0  


Mine 26 - Ash and Coal 
Refuse 


LF Boron 3.504285714 7 0  


Mine 26 - Ash and Coal 
Refuse 


LF Cadmium 0.010142857 7 4  


Mine 26 - Ash and Coal 
Refuse 


LF Cobalt 0.032857143 7 2  


Mine 26 - Ash and Coal 
Refuse 


LF Lead 0.047142857 7 4  


Mine 26 - Ash and Coal 
Refuse 


LF Mercury 0.0001 7 7  


Mine 26 - Ash and Coal 
Refuse 


LF Selenium 0.02 7 7  


Mine 26 - Ash and Coal 
Refuse 


LF Thallium 0.005 2 2  


Mine 26 - FBC LF Arsenic 0.03 1 1  
Mine 26 - FBC LF Barium 0.51 1 0  
Mine 26 - FBC LF Boron 1.3 1 0  
Mine 26 - FBC LF Cadmium 0.0025 1 1  
Mine 26 - FBC LF Cobalt 0.005 1 1  
Mine 26 - FBC LF Lead 0.01 1 1  
Mine 26 - FBC LF Mercury 0.0001 1 1  
Mine 26 - FBC LF Selenium 0.08 1 0  
Mitchell - Ash LF Arsenic 1.3 1 0  
Mitchell - Ash LF Barium 0.3 1 0  
Mitchell - Ash LF Cadmium 0.01 1 0  
Mitchell - Ash LF Lead 0.06 1 0  
Mitchell - Ash LF Selenium 0.06 1 0  
MO - Ash and Coal Refuse LF Aluminum 4.49 2 0  
MO - Ash and Coal Refuse LF Antimony 0.0125 2 0  
MO - Ash and Coal Refuse LF Arsenic 0.2855 2 0  
MO - Ash and Coal Refuse LF Barium 1.845 2 0  
MO - Ash and Coal Refuse LF Boron 0.219 2 0  
MO - Ash and Coal Refuse LF Cadmium 0.006 2 0  
MO - Ash and Coal Refuse LF Cobalt 0.012 2 0  
MO - Ash and Coal Refuse LF Lead 0.0065 2 0  
MO - Ash and Coal Refuse LF Mercury 0.00005 4 4  
MO - Ash and Coal Refuse LF Selenium 0.1312 2 0  
MO - Ash and Coal Refuse LF Thallium 0.01415 2 0  
Murdock Mine - Ash LF Antimony 0.0076875 8 8  
Murdock Mine - Ash LF Arsenic 0.0080875 8 6  
Murdock Mine - Ash LF Barium 0.258625 8 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Murdock Mine - Ash LF Boron 9.38775 8 0  
Murdock Mine - Ash LF Cadmium 0.0458 8 2  
Murdock Mine - Ash LF Cobalt 0.0225625 8 2  
Murdock Mine - Ash LF Lead 0.00555 8 2  
Murdock Mine - Ash LF Mercury 0.0004375 8 8  
Murdock Mine - Ash LF Selenium 0.0053875 8 4  
Murdock Mine - Ash LF Thallium 0.02325 8 2  
Murdock Mine - FBC LF Antimony 0.004 3 3  
Murdock Mine - FBC LF Arsenic 0.005 3 3  
Murdock Mine - FBC LF Barium 0.368333333 3 0  
Murdock Mine - FBC LF Boron 0.436666667 3 0  
Murdock Mine - FBC LF Cadmium 0.0015 3 3  
Murdock Mine - FBC LF Cobalt 0.0025 3 3  
Murdock Mine - FBC LF Lead 0.0015 3 3  
Murdock Mine - FBC LF Mercury 0.0004 3 3  
Murdock Mine - FBC LF Selenium 0.003533333 3 2  
Murdock Mine - FBC LF Thallium 0.005 3 3  
Nepco - FBC LF Arsenic 0.025 2 2 21 
Nepco - FBC LF Cadmium 0.01 1 0 0.5 
Nepco - FBC LF Lead 0.025 2 2 39 
Nepco - FBC LF Mercury 0.0002 2 2 0.01 
Nepco - FBC LF Selenium 0.05 2 2 12.6 
No. 1 Contracting Corp - 
FBC 


LF Aluminum 0.935 2 0  


No. 1 Contracting Corp - 
FBC 


LF Antimony 0.018 1 0  


No. 1 Contracting Corp - 
FBC 


LF Arsenic 0.046 2 0  


No. 1 Contracting Corp - 
FBC 


LF Barium 0.1315 2 0  


No. 1 Contracting Corp - 
FBC 


LF Boron 0.05 1 0  


No. 1 Contracting Corp - 
FBC 


LF Cadmium 0.005 1 0  


No. 1 Contracting Corp - 
FBC 


LF Lead 0.06 1 0  


No. 1 Contracting Corp - 
FBC 


LF Mercury 0.0002 1 0  


No. 1 Contracting Corp - 
FBC 


LF Molybdenum 0.105 2 0  


No. 1 Contracting Corp - 
FBC 


LF Selenium 0.1395 2 0  


(continued)
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Northampton40000201 - 
Ash 


LF Aluminum 0.38 1 0 24500 


Northampton40000201 - 
Ash 


LF Antimony 0.01 1 0 20 


Northampton40000201 - 
Ash 


LF Arsenic 0.005 1 0 40.6 


Northampton40000201 - 
Ash 


LF Barium 0.21 1 0 242 


Northampton40000201 - 
Ash 


LF Boron 0.2 1 0 17.3 


Northampton40000201 - 
Ash 


LF Cadmium 0.012 1 0 0.5 


Northampton40000201 - 
Ash 


LF Lead 0.1 1 0 18 


Northampton40000201 - 
Ash 


LF Mercury 0.0002 1 0 0.535 


Northampton40000201 - 
Ash 


LF Molybdenum 0.1 1 0 10 


Northampton40000201 - 
Ash 


LF Selenium 0.015 1 0 8.9 


Nucla - FBC LF Aluminum 0.1 2 2 110050 
Nucla - FBC LF Arsenic 0.0025 4 4 7.4 
Nucla - FBC LF Barium 0.08 2 1 190 
Nucla - FBC LF Boron 0.485 2 1 57.5 
Nucla - FBC LF Cadmium 0.00055 2 2 1.95 
Nucla - FBC LF Cobalt 0.005 2 2 10 
Nucla - FBC LF Lead 0.0016 2 1 35.5 
Nucla - FBC LF Mercury 0.0001 2 2  
Nucla - FBC LF Molybdenum 0.2045 2 0 83 
Nucla - FBC LF Nitrate/Nitrite 0.1125 2 2  
Nucla - FBC LF Selenium 0.00485 2 1 9.35 
Nucla2 - FBC LF Aluminum 7.18 3 0 100000 
Nucla2 - FBC LF Antimony 0.1 6 6 46 
Nucla2 - FBC LF Arsenic 0.00375 6 5 27.93333333 
Nucla2 - FBC LF Barium 0.093 3 0 246 
Nucla2 - FBC LF Boron 3.1 3 1 69.16666667 
Nucla2 - FBC LF Cadmium 0.000475 6 4 0.263333333 
Nucla2 - FBC LF Cobalt 0.012 3 1 6.1 
Nucla2 - FBC LF Lead 0.0062 3 0 8.296666667 
Nucla2 - FBC LF Mercury 0.000566667 6 5 0.214166667 
Nucla2 - FBC LF Molybdenum 0.303333333 3 0 3.316666667 
Nucla2 - FBC LF Nitrate/Nitrite 6.591666667 6 4  
Nucla2 - FBC LF Selenium 0.048666667 6 2 1.395 
Nucla2 - FBC LF Thallium 0.05 3 3 6.416666667 
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


OK - Ash LF Aluminum 11.895 2 0  
OK - Ash LF Antimony 0.001575 2 1  
OK - Ash LF Arsenic 0.003225 2 1  
OK - Ash LF Barium 0.686 2 0  
OK - Ash LF Boron 2.68 2 0  
OK - Ash LF Cadmium 0.00027 2 1  
OK - Ash LF Cobalt 0.00745 2 0  
OK - Ash LF Lead 0.00355 2 0  
OK - Ash LF Mercury 0.0001 2 1  
OK - Ash LF Selenium 0.037 2 0  
OK - Ash LF Thallium 0.00185 4 4  
P4 - Ash LF Aluminum 6.2196875 8 0  
P4 - Ash LF Antimony 0.00105 4 4  
P4 - Ash LF Arsenic 0.00420375 8 5  
P4 - Ash LF Barium 0.254375 8 0  
P4 - Ash LF Boron 1.142697917 8 0  
P4 - Ash LF Cadmium 0.00125 8 8  
P4 - Ash LF Cobalt 0.00315 2 0  
P4 - Ash LF Lead 0.0025 8 8  
P4 - Ash LF Mercury 0.00005 4 4  
P4 - Ash LF Molybdenum 0.2114375 8 4  
P4 - Ash LF Nitrate/Nitrite 1.92075 16 8  
P4 - Ash LF Selenium 0.01 8 8  
P4 - Ash LF Thallium 0.002775 2 2  
PA - Ash LF Aluminum 26.16153846 13 0  
PA - Ash LF Antimony 0.0031 2 0  
PA - Ash LF Arsenic 0.005991923 13 9  
PA - Ash LF Barium 1.043838462 13 0  
PA - Ash LF Boron 0.736153846 13 0  
PA - Ash LF Cadmium 0.001758462 13 12  
PA - Ash LF Cobalt 0.001915 2 2  
PA - Ash LF Lead 0.005993077 13 10  
PA - Ash LF Mercury 0.000175 2 0  
PA - Ash LF Molybdenum 0.138461538 13 4  
PA - Ash LF Nitrate/Nitrite 2.544596154 26 15  
PA - Ash LF Selenium 0.084376923 13 5  
PA - Ash LF Thallium 0.00196 4 4  
Pitt - FBC LF Antimony 0.0219 1 0  
Pitt - FBC LF Arsenic 0.05 1 1  
Pitt - FBC LF Barium 1.167333333 3 1  
Pitt - FBC LF Cadmium 0.033333333 3 3  
Pitt - FBC LF Lead 0.183333333 3 3  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Pitt - FBC LF Mercury 0.005 1 1  
Pitt - FBC LF Selenium 0.05 1 1  
Pitt - FBC LF Thallium 0.0025 3 3  
Plant 10 - FBC LF Arsenic 0.14875 4 0 71.3 
Plant 10 - FBC LF Cadmium 0.05425 4 1 2.418181818 
Plant 10 - FBC LF Lead 0.2965 4 1 39.63636364 
Plant 10 - FBC LF Mercury 0.05005 4 4 1.174 
Plant 10 - FBC LF Selenium 0.1285 4 0 4.011818182 
Plant 12 - FBC LF Arsenic 0.004125 8 4 98.62222222 
Plant 12 - FBC LF Cadmium 0.02 8 8 2.188888889 
Plant 12 - FBC LF Lead 0.28375 8 2 47.83333333 
Plant 12 - FBC LF Mercury 0.0004 8 8 1.047777778 
Plant 12 - FBC LF Selenium 0.006125 8 8 4.263888889 
Plant 8 - FBC LF Arsenic 0.019868421 19 18 42.04210526 
Plant 8 - FBC LF Cadmium 0.016826923 52 43 2.288947368 
Plant 8 - FBC LF Lead 0.007211538 52 37 27.62105263 
Plant 8 - FBC LF Mercury 0.000289474 19 19 0.065789474 
Plant 8 - FBC LF Selenium 0.053026316 19 9 33.02263158 
Plant 9 - FBC LF Arsenic 0.058666667 3 0 2.8 
Plant 9 - FBC LF Lead 0.105454545 11 8 57.67142857 
Plant 9 - FBC LF Mercury 0.00025 11 11 0.604285714 
Plant 9 - FBC LF Selenium 0.065333333 3 0 5.115714286 
Portland - Ash LF Aluminum 2.648555556 9 0  
Portland - Ash LF Antimony 0.075 2 2  
Portland - Ash LF Arsenic 0.178666667 9 6  
Portland - Ash LF Barium 0.28475 8 0  
Portland - Ash LF Boron 4.799333333 3 0  
Portland - Ash LF Cadmium 0.006 9 7  
Portland - Ash LF Cobalt 0.014 2 1  
Portland - Ash LF Lead 0.058333333 9 8  
Portland - Ash LF Mercury 0.001 4 4  
Portland - Ash LF Molybdenum 0.178666667 3 1  
Portland - Ash LF Selenium 0.25625 4 4  
Portland - Ash LF Thallium 0.005 4 4  
PP - Ash LF Aluminum 2.422 2 0  
PP - Ash LF Antimony 0.00245 2 0  
PP - Ash LF Arsenic 0.0273375 2 1  
PP - Ash LF Barium 0.2435 2 0  
PP - Ash LF Boron 6.605 2 0  
PP - Ash LF Cadmium 0.0023975 2 1  
PP - Ash LF Cobalt 0.0049575 2 1  
PP - Ash LF Lead 0.001155 2 1  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


PP - Ash LF Mercury 0.00028 2 0  
PP - Ash LF Selenium 0.0364 2 0  
PP - Ash LF Thallium 0.01518 2 1  
Revloc Site - FBC LF Aluminum 0.58 2 1  
Revloc Site - FBC LF Antimony 0.002 2 2  
Revloc Site - FBC LF Arsenic 0.002 2 1  
Revloc Site - FBC LF Barium 0.44 2 2  
Revloc Site - FBC LF Boron 0.2585 2 1  
Revloc Site - FBC LF Cadmium 0.02 2 2  
Revloc Site - FBC LF Cobalt 0.0825 2 1  
Revloc Site - FBC LF Lead 0.25 2 0  
Revloc Site - FBC LF Mercury 0.0005 2 2  
Revloc Site - FBC LF Molybdenum 0.0545 2 1  
Revloc Site - FBC LF Selenium 0.0025 2 1  
Scherer - Ash LF Arsenic 0.01 1 0  
Scherer - Ash LF Barium 0.7 1 0  
Scherer - Ash LF Cadmium 0.001 1 0  
Scherer - Ash LF Lead 0.001 1 0  
Scherer - Ash LF Selenium 0.06 1 0  
Scholz - Ash LF Arsenic 0.02 1 0  
Scholz - Ash LF Barium 0.2 1 0  
Scholz - Ash LF Cadmium 0.04 1 0  
Scholz - Ash LF Lead 0.04 1 0  
Scholz - Ash LF Selenium 0.02 1 0  
Scrubgrass - FBC LF Arsenic 0.025 2 2 59 
Scrubgrass - FBC LF Cadmium 0.0025 1 0 0.7 
Scrubgrass - FBC LF Lead 0.025 2 2 50 
Scrubgrass - FBC LF Mercury 0.0002 2 2 0.01 
Scrubgrass - FBC LF Selenium 0.05 2 2 21.7 
Seward - Ash LF Aluminum 2.965 2 0  
Seward - Ash LF Antimony 0.075 2 2  
Seward - Ash LF Arsenic 0.288666667 3 2  
Seward - Ash LF Barium 0.473333333 3 0  
Seward - Ash LF Boron 0.57 1 0  
Seward - Ash LF Cadmium 0.005833333 3 1  
Seward - Ash LF Cobalt 0.014 1 0  
Seward - Ash LF Lead 0.1875 1 1  
Seward - Ash LF Mercury 0.003733333 3 3  
Seward - Ash LF Molybdenum 0.53 1 0  
Seward - Ash LF Selenium 0.196666667 3 2  
Seward - Ash LF Thallium 0.012 1 0  
Shawnee - FBC LF Aluminum 0.231 5 3 38240 
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Shawnee - FBC LF Antimony 0.296 5 2 15.6 
Shawnee - FBC LF Arsenic 0.219 10 6 17.3 
Shawnee - FBC LF Barium 2.001 10 0 799.4 
Shawnee - FBC LF Boron 0.97 5 3 116.2 
Shawnee - FBC LF Cadmium 0.005555 10 7 0.622 
Shawnee - FBC LF Cobalt 0.07 5 2 2.75 
Shawnee - FBC LF Lead 0.0897 10 5 6.4 
Shawnee - FBC LF Mercury 0.00029 10 8 0.365 
Shawnee - FBC LF Molybdenum 0.382 5 0 6.4 
Shawnee - FBC LF Nitrate/Nitrite 3.786666667 8 4  
Shawnee - FBC LF Selenium 0.13005 10 6 0.73 
Shawnee - FBC LF Thallium 0.197 5 3 8.9 
Shawville - Ash LF Aluminum 2.0958 5 0  
Shawville - Ash LF Antimony 0.075 2 2  
Shawville - Ash LF Arsenic 0.4384 5 1  
Shawville - Ash LF Barium 0.2172 5 0  
Shawville - Ash LF Boron 0.56 1 0  
Shawville - Ash LF Cadmium 0.0059 5 2  
Shawville - Ash LF Cobalt 0.021 1 0  
Shawville - Ash LF Lead 0.1875 1 1  
Shawville - Ash LF Mercury 0.001 2 2  
Shawville - Ash LF Molybdenum 0.09 1 0  
Shawville - Ash LF Selenium 0.191 5 2  
Shawville - Ash LF Thallium 0.005 2 2  
Sibley Quarry - Ash LF Aluminum 0.6 4 4  
Sibley Quarry - Ash LF Arsenic 0.018 4 0  
Sibley Quarry - Ash LF Barium 0.265 4 4  
Sibley Quarry - Ash LF Cadmium 0.00114125 4 2  
Sibley Quarry - Ash LF Lead 0.00305 4 4  
Sibley Quarry - Ash LF Mercury 0.0001 4 4  
Sibley Quarry - Ash LF Molybdenum 0.725 3 1  
Sibley Quarry - Ash LF Selenium 0.18425 4 1  
Silverton - Ash LF Aluminum 3.1 1 0 16870 
Silverton - Ash LF Arsenic 0.375 2 0 48.5 
Silverton - Ash LF Barium 1.7 1 0 181.5 
Silverton - Ash LF Boron 0.22 1 0 20.5 
Silverton - Ash LF Lead 0.23 1 0 29.5 
Silverton - Ash LF Molybdenum 0.1 1 0 5 
Silverton - Ash LF Selenium 0.12 2 0 6.7 
Smith - Ash LF Arsenic 0.02 1 0  
Smith - Ash LF Barium 0.2 1 0  
Smith - Ash LF Cadmium 0.04 1 0  


(continued)







Appendix A Attachment A-2: CCW Constituent Data 


 A-2-26 


CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Smith - Ash LF Lead 0.01 1 0  
Smith - Ash LF Selenium 0.01 1 0  
SW - Ash LF Arsenic 0.006679487 195 53 29.495189 
SW - Ash LF Barium 0.81082716 243 0 2538.862069 
SW - Ash LF Cadmium 0.003400769 195 47 1.230670103 
SW - Ash LF Lead 0.001570707 99 97 35.39886598 
SW - Ash LF Mercury 0.000217677 99 98 0.039255034 
SW - Ash LF Selenium 0.003534884 172 46 0.6 
SX - Ash LF Aluminum 1.862 2 0  
SX - Ash LF Antimony 0.003275 2 1  
SX - Ash LF Arsenic 0.0365 2 0  
SX - Ash LF Barium 0.959 2 0  
SX - Ash LF Boron 4.5223 2 0  
SX - Ash LF Cadmium 0.04425 2 0  
SX - Ash LF Cobalt 0.0167 2 0  
SX - Ash LF Lead 0.00675 2 0  
SX - Ash LF Mercury 0.00005 4 4  
SX - Ash LF Selenium 0.048725 2 1  
SX - Ash LF Thallium 0.013625 2 1  
Tidd - FBC LF Aluminum 0.105 3 1  
Tidd - FBC LF Antimony 0.03 5 5  
Tidd - FBC LF Arsenic 0.028333333 3 2  
Tidd - FBC LF Barium 0.184 2 0  
Tidd - FBC LF Boron 0.82 3 0  
Tidd - FBC LF Cadmium 0.0015 3 3  
Tidd - FBC LF Cobalt 0.021 3 0  
Tidd - FBC LF Lead 0.015833333 3 3  
Tidd - FBC LF Mercury 0.006733333 3 3  
Tidd - FBC LF Molybdenum 0.082 3 0  
Tidd - FBC LF Selenium 0.101666667 3 2  
Titus - Ash LF Aluminum 4.4135 4 0  
Titus - Ash LF Antimony 0.04375 4 4  
Titus - Ash LF Arsenic 0.346 2 1  
Titus - Ash LF Barium 0.3 4 0  
Titus - Ash LF Boron 7.345 2 0  
Titus - Ash LF Cadmium 0.0115 4 0  
Titus - Ash LF Cobalt 0.027 2 0  
Titus - Ash LF Lead 0.19375 2 2  
Titus - Ash LF Mercury 0.001 2 2  
Titus - Ash LF Molybdenum 0.34 2 0  
Titus - Ash LF Selenium 0.144 4 3  
Titus - Ash LF Thallium 0.01 2 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Tracy Vein Slope - Ash LF Aluminum 0.533833333 6 0 11090 
Tracy Vein Slope - Ash LF Antimony 0.05 5 0 24.215 
Tracy Vein Slope - Ash LF Arsenic 0.065166667 6 0 61.33333333 
Tracy Vein Slope - Ash LF Barium 0.148833333 6 0 99.31666667 
Tracy Vein Slope - Ash LF Boron 1.4486 5 0 122.4333333 
Tracy Vein Slope - Ash LF Cadmium 0.044833333 6 0 1.070166667 
Tracy Vein Slope - Ash LF Lead 0.075 6 0 18.90833333 
Tracy Vein Slope - Ash LF Mercury 0.001 2 0 1.5888 
Tracy Vein Slope - Ash LF Molybdenum 0.1662 5 0 7.721666667 
Tracy Vein Slope - Ash LF Selenium 0.0524 5 0 8.608 
Tracy Vein Slope - FBC LF Aluminum 1.32 1 0 7240 
Tracy Vein Slope - FBC LF Arsenic 0.052 1 0 6.97 
Tracy Vein Slope - FBC LF Barium 0.056 1 0 68.9 
Tracy Vein Slope - FBC LF Boron 0.043 1 0 7.43 
Tracy Vein Slope - FBC LF Molybdenum 0.027 1 0 0.84 
Tracy Vein Slope - FBC LF Selenium 0.039 1 0 3.22 
UAPP - Ash LF Arsenic 0.0025 2 2  
UAPP - Ash LF Barium 0.4 2 1  
UAPP - Ash LF Cadmium 0.04 2 2  
UAPP - Ash LF Lead 0.1 2 2  
UAPP - Ash LF Mercury 0.025 2 2  
UAPP - Ash LF Selenium 0.00275 2 1  
Universal - Ash LF Aluminum 2.057777778 9 0 6000.222222 
Universal - Ash LF Arsenic 0.277818182 11 2 41.50909091 
Universal - Ash LF Barium 0.090181818 11 1 71 
Universal - Ash LF Boron 2.754545455 11 0 180.2954545 
Universal - Ash LF Cadmium 0.003227273 11 9 2.115909091 
Universal - Ash LF Lead 0.022145455 11 7 33.00909091 
Universal - Ash LF Mercury 0.000386364 11 11 0.137272727 
Universal - Ash LF Molybdenum 0.134363636 11 1 3.554545455 
Universal - Ash LF Selenium 0.160090909 11 2 7.106363636 
Wansley - Ash LF Arsenic 0.05 1 0  
Wansley - Ash LF Barium 0.2 1 0  
Wansley - Ash LF Cadmium 0.09 1 0  
Wansley - Ash LF Lead 0.02 1 0  
Wansley - Ash LF Selenium 0.06 1 0  
WEPCO CALEDONIA 
LANDFILL - Ash 


LF Barium 0.225 2 0  


WEPCO CALEDONIA 
LANDFILL - Ash 


LF Boron 16.90454545 22 0  


(continued)
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


WEPCO CALEDONIA 
LANDFILL - Ash 


LF Cadmium 0.000045 3 3  


WEPCO CALEDONIA 
LANDFILL - Ash 


LF Lead 0.003566667 3 3  


WEPCO CALEDONIA 
LANDFILL - Ash 


LF Molybdenum 0.77500575 4 3  


WEPCO CALEDONIA 
LANDFILL - Ash 


LF Selenium 0.046794118 34 0  


WEPCO HWY 32 
LANDFILL - Ash 


LF Boron 83.41666667 12 0  


WEPCO HWY 32 
LANDFILL - Ash 


LF Selenium 0.006675 12 4  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Arsenic 0.0055 2 0  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Barium 0.1195 2 0  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Boron 14.02134483 29 0  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Cadmium 0.010266667 3 1  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Lead 0.00625 2 1  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Mercury 0.0002 1 0  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Molybdenum 0.000022375 4 4  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Nitrate/Nitrite 1.866666667 3 0  


WEPCO SYSTEMS 
CONTROL CENTER A - 
Ash 


LF Selenium 0.06332275 28 0  


Wilton Site - Ash LF Aluminum 3 1 0  
Wilton Site - Ash LF Arsenic 0.027 1 0  
Wilton Site - Ash LF Barium 0.51 1 0  
Wilton Site - Ash LF Boron 25 1 0  
Wilton Site - Ash LF Cadmium 0.0025 2 2  
Wilton Site - Ash LF Lead 0.0025 2 2  
Wilton Site - Ash LF Mercury 0.001 2 2  
Wilton Site - Ash LF Molybdenum 0.34 1 0  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


Wilton Site - Ash LF Nitrate/Nitrite 0.5 1 1  
Wilton Site - Ash LF Selenium 0.09 1 0  
WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Arsenic 0.0014 3 2  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Barium 0.183025 4 1  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Boron 6.363333333 21 1  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Cadmium 0.0047595 8 0  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Lead 0.00668375 8 0  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Mercury 0.000082 5 5  


WIS PUBLIC SERV CORP-
WESTON AS - Ash 


LF Selenium 0.011077619 21 1  


Yates1 - Ash LF Arsenic 0.1 1 0  
Yates1 - Ash LF Barium 0.3 1 0  
Yates1 - Ash LF Cadmium 0.02 1 0  
Yates1 - Ash LF Lead 0.05 1 0  
Yates1 - Ash LF Selenium 0.02 1 0  
Yates2 - Ash LF Arsenic 0.09 1 0  
Yates2 - Ash LF Barium 0.2 1 0  
Yates2 - Ash LF Cadmium 0.02 1 0  
Yates2 - Ash LF Lead 0.03 1 0  
Yates2 - Ash LF Selenium 0.05 1 0  
AP - Ash SI Aluminum 0.553384615 13 0  
AP - Ash SI Antimony 0.01 1 1  
AP - Ash SI Arsenic 0.070933333 15 0  
AP - Ash SI Barium 0.063066667 15 1  
AP - Ash SI Boron 12.50986667 15 0  
AP - Ash SI Cadmium 0.001042857 14 7  
AP - Ash SI Cobalt 0.01 1 1  
AP - Ash SI Lead 0.001723333 15 14  
AP - Ash SI Molybdenum 0.486733333 15 2  
AP - Ash SI Nitrate/Nitrite 0.254809524 29 22  
AP - Ash SI Selenium 0.044326667 15 1  
AP - Ash SI Thallium 0.0025 1 1  
BR - Ash and Coal Refuse SI Aluminum 89.12777778 18 0  
BR - Ash and Coal Refuse SI Arsenic 0.775383333 15 4  
BR - Ash and Coal Refuse SI Barium 0.188055556 18 14  
BR - Ash and Coal Refuse SI Boron 3.857694444 18 2  
BR - Ash and Coal Refuse SI Cadmium 0.175 18 7  
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


BR - Ash and Coal Refuse SI Cobalt 0.204722222 18 11  
BR - Ash and Coal Refuse SI Molybdenum 0.5 18 18  
C - Ash SI Aluminum 4.192307692 13 0  
C - Ash SI Antimony 0.07 10 10  
C - Ash SI Arsenic 0.15 10 0  
C - Ash SI Barium 0.113769231 13 0  
C - Ash SI Boron 10.96428571 14 0  
C - Ash SI Cadmium 0.0025 10 10  
C - Ash SI Cobalt 0.005 10 10  
C - Ash SI Lead 0.00229 10 5  
C - Ash SI Molybdenum 0.585384615 13 0  
C - Ash SI Nitrate/Nitrite 10.85474359 16 3  
C - Ash SI Selenium 0.0175 10 2  
C - Ash SI Thallium 0.05 10 10  
CADK - Ash SI Aluminum 0.165 2 0  
CADK - Ash SI Arsenic 0.0075 2 2  
CADK - Ash SI Barium 0.02 2 2  
CADK - Ash SI Boron 60.05 2 0  
CADK - Ash SI Cadmium 0.001 2 2  
CADK - Ash SI Lead 0.1 2 2  
CADK - Ash SI Molybdenum 1.165 2 0  
CADK - Ash SI Nitrate/Nitrite 11.135 4 0  
CADK - Ash SI Selenium 0.125 2 0  
CASJ - Ash SI Aluminum 0.1108 5 4  
CASJ - Ash SI Arsenic 5.37225 4 0  
CASJ - Ash SI Barium 0.0214 5 2  
CASJ - Ash SI Boron 46.02 5 0  
CASJ - Ash SI Cadmium 0.0156 5 3  
CASJ - Ash SI Lead 0.21 5 4  
CASJ - Ash SI Molybdenum 0.13 5 5  
CASJ - Ash SI Nitrate/Nitrite 1.882 10 8  
CASJ - Ash SI Selenium 0.40575 4 0  
CATT - Ash SI Aluminum 0.28 2 0  
CATT - Ash SI Arsenic 0.206 2 0  
CATT - Ash SI Barium 0.085 2 0  
CATT - Ash SI Boron 110.5 2 0  
CATT - Ash SI Cadmium 0.002 2 1  
CATT - Ash SI Lead 0.2275 2 0  
CATT - Ash SI Molybdenum 0.655 2 0  
CATT - Ash SI Nitrate/Nitrite 0.01 2 0  
CATT - Ash SI Selenium 1.025 2 0  
CL - Ash and Coal Refuse SI Aluminum 4.680970556 30 2  


(continued)
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


CL - Ash and Coal Refuse SI Arsenic 0.493663408 30 2  
CL - Ash and Coal Refuse SI Barium 0.550251717 30 0  
CL - Ash and Coal Refuse SI Boron 1.092075 30 0  
CL - Ash and Coal Refuse SI Cadmium 0.001680507 30 27  
CL - Ash and Coal Refuse SI Lead 0.003384333 30 29  
CL - Ash and Coal Refuse SI Molybdenum 0.377590556 30 0  
CL - Ash and Coal Refuse SI Nitrate/Nitrite 0.6303 60 13  
CL - Ash and Coal Refuse SI Selenium 0.147525085 30 9  
CY - Ash SI Aluminum 6.0975 4 0  
CY - Ash SI Arsenic 0.1975 4 0  
CY - Ash SI Barium 0.179725 4 0  
CY - Ash SI Boron 0.025 4 4  
CY - Ash SI Cadmium 0.0040625 4 4  
CY - Ash SI Lead 0.008125 4 4  
CY - Ash SI Molybdenum 0.655 4 0  
CY - Ash SI Nitrate/Nitrite 750.2625 8 5  
CY - Ash SI Selenium 0.086575 4 1  
FC - Ash and Coal Refuse SI Aluminum 11.433 10 0  
FC - Ash and Coal Refuse SI Arsenic 0.00752 10 8  
FC - Ash and Coal Refuse SI Barium 0.14918 10 0  
FC - Ash and Coal Refuse SI Boron 0.7445 10 1  
FC - Ash and Coal Refuse SI Cadmium 0.001956 10 9  
FC - Ash and Coal Refuse SI Lead 0.0025 10 10  
FC - Ash and Coal Refuse SI Molybdenum 0.2275 10 10  
FC - Ash and Coal Refuse SI Nitrate/Nitrite 0.2 20 20  
FC - Ash and Coal Refuse SI Selenium 0.02174 10 0  
HA - Ash SI Aluminum 2.830833333 9 2  
HA - Ash SI Arsenic 0.086774333 9 2  
HA - Ash SI Barium 0.471945556 9 0  
HA - Ash SI Boron 2.283583333 9 0  
HA - Ash SI Cadmium 0.00125 9 9  
HA - Ash SI Lead 0.003503333 9 8  
HA - Ash SI Molybdenum 0.107333333 9 4  
HA - Ash SI Nitrate/Nitrite 1.968222222 18 10  
HA - Ash SI Selenium 0.01 9 9  
HA - Ash and Coal Refuse SI Aluminum 0.65 1 0  
HA - Ash and Coal Refuse SI Arsenic 0.18 1 0  
HA - Ash and Coal Refuse SI Barium 0.11 1 0  
HA - Ash and Coal Refuse SI Boron 1.7 1 0  
HA - Ash and Coal Refuse SI Cadmium 0.0025 1 1  
HA - Ash and Coal Refuse SI Lead 0.025 1 1  
HA - Ash and Coal Refuse SI Mercury 0.00025 1 1  


(continued)
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


HA - Ash and Coal Refuse SI Molybdenum 0.075 1 1  
HA - Ash and Coal Refuse SI Selenium 0.0025 1 1  
L - Ash SI Aluminum 0.015 2 2  
L - Ash SI Barium 0.001 2 2  
L - Ash SI Boron 0.62 2 0  
L - Ash SI Cadmium 0.001 2 2  
L - Ash SI Molybdenum 0.1675 2 1  
MO - Ash SI Aluminum 0.894458333 6 0  
MO - Ash SI Arsenic 0.011755993 6 3  
MO - Ash SI Barium 0.019379487 6 0  
MO - Ash SI Boron 0.085041667 6 2  
MO - Ash SI Cadmium 0.00125 6 6  
MO - Ash SI Lead 0.003666667 6 5  
MO - Ash SI Molybdenum 0.928770833 6 3  
MO - Ash SI Nitrate/Nitrite 0.1205 12 10  
MO - Ash SI Selenium 0.005 6 6  
MO - Ash and Coal Refuse SI Aluminum 296.2888026 19 6  
MO - Ash and Coal Refuse SI Arsenic 11.67554177 20 0  
MO - Ash and Coal Refuse SI Barium 0.039930301 20 1  
MO - Ash and Coal Refuse SI Boron 15.49313158 19 2  
MO - Ash and Coal Refuse SI Cadmium 0.124406392 27 9  
MO - Ash and Coal Refuse SI Cobalt 4.8377 20 7  
MO - Ash and Coal Refuse SI Lead 0.321181411 20 11  
MO - Ash and Coal Refuse SI Molybdenum 0.402184211 19 15  
MO - Ash and Coal Refuse SI Nitrate/Nitrite 5.165 39 37  
MO - Ash and Coal Refuse SI Selenium 0.103823054 20 9  
O - Ash SI Arsenic 0.234766667 3 0  
O - Ash SI Boron 6.166666667 3 0  
O - Ash SI Molybdenum 0.0179 1 0  
O - Ash SI Nitrate/Nitrite 461 1 0  
O - Ash SI Selenium 0.0029 3 0  
OK - Ash SI Aluminum 40.45955556 9 0  
OK - Ash SI Arsenic 0.060628889 9 2  
OK - Ash SI Barium 0.159055556 9 1  
OK - Ash SI Boron 3.148333333 9 0  
OK - Ash SI Cadmium 0.01 9 9  
OK - Ash SI Lead 0.02 9 9  
OK - Ash SI Molybdenum 0.721694444 9 0  
OK - Ash SI Nitrate/Nitrite 7.62 18 17  
OK - Ash SI Selenium 0.282377778 9 2  
SX - Ash SI Aluminum 3.866609827 15 0  
SX - Ash SI Arsenic 0.054834273 15 2  


(continued)
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CCW Constituent Data (continued) 


Site/Waste Type 
WMU 
Type Chemical Leachate (mg/L)


No. of 
Leachate 
Measure-


ments 


No. of 
Leachate 


Non-
detects Total (mg/kg) 


SX - Ash SI Barium 0.079191593 15 0  
SX - Ash SI Boron 32.70433889 15 0  
SX - Ash SI Cadmium 0.019243353 15 5  
SX - Ash SI Lead 0.001228153 15 5  
SX - Ash SI Molybdenum 11.40518778 15 0  
SX - Ash SI Nitrate/Nitrite 1.6328 30 12  
SX - Ash SI Selenium 0.239368793 15 6  
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Appendix B. Waste Management Units 
 


The source models supporting the coal combustion waste (CCW) risk assessment require 
inputs describing the characteristics of CCW waste management units (WMUs). To satisfy this 
requirement, the assessment used a data set of WMU area, capacity, liner type, geometry, and 
waste type managed for a set of individual CCW landfills and surface impoundments that are 
representative of the national population of coal combustion facilities that are managing their 
wastes onsite.  


The sources for these data sets were responses to two voluntary industry surveys: an 
Electric Power Research Institute (EPRI) comanagement survey (for conventional utility coal 
combustion WMUs units) and a Council of Industrial Boiler Owners (CIBO) fluidized bed 
combustion (FBC) survey (for FBC WMUs). In addition to the individual WMU data, certain 
assumptions were required regarding (1) liner types and characteristics, (2) surface impoundment 
operating life, and (3) above- and below-grade geometries for WMUs. The sections below 
describe the two industry surveys, then discuss the data sources and assumptions made. 


B.1 EPRI Comanagement Survey  


For conventional utility coal combustion WMUs, the source of data for area, capacity, 
liner type, and waste type managed was the EPRI Coal Combustion By-Products and 
Low-Volume Wastes Comanagement Survey (EPRI, 1997a). In 1995, EPRI sent a 4-page 
questionnaire to all electric utilities with more than 100 megawatts (MW) of coal-fired 
generating capacity. The survey gathered data on the design of coal combustion management 
units and the types and volumes of waste managed. From the survey responses, EPRI prepared 
an electronic database and provided it to the U.S. Environmental Protection Agency (EPA) in 
support of the March 1999 Report to Congress: Wastes from the Combustion of Fossil Fuels (the 
RTC) (U.S. EPA, 1999a). EPRI also published a report (EPRI, 1997a) documenting the survey 
format and providing a brief summary of the results. 


The EPRI survey responses include information on 323 waste management facilities 
serving 238 power plants located in 36 states. The total annual volume of CCW reported 
disposed by respondents to the EPRI comanagement survey is nearly 62 million tons. This 
quantity is two-thirds of the total generation of CCW in 1995. Therefore, the survey sample 
encompasses the majority of CCW disposed in terms of volume. Based on comparison with data 
from other sources, the EPRI survey sample appears representative of the population of coal 
combustion WMUs in terms of the types of units included (i.e., landfills and surface 
impoundments). The EPRI survey sample also is believed to be generally geographically 
representative of the population of conventional utility WMUs, although it may under-represent 
certain management practices in a few states. The EPA document, Technical Background 
Document for the Supplemental Report to Congress on Remaining Fossil Fuel Combustion 
Wastes: Industry Statistics and Waste Management Practices (U.S. EPA, 1999b), discusses the 
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representativeness of the EPRI survey in greater detail and provides extensive summary statistics 
on the survey responses. 


The EPRI comanagement survey includes questions requesting the respondent to report 
the location of the WMU (by state) and the WMU area, capacity, liner type, and waste type 
managed. Therefore, the data set used for modeling these variables was extracted directly from 
the EPRI database for all active landfills and surface impoundments responding to the EPRI 
survey. Mine placement sites and closed WMUs were excluded from the data set. Also excluded 
from the data set were three responding WMUs that managed FBC waste. Data for these units 
were instead combined with the data set for FBC WMUs from the CIBO FBC survey (described 
below). 


The EPRI survey data were provided in blinded form. That is, the original database did 
not report the identity of each respondent and identified WMU location only by state. To provide 
a more complete identification of the EPRI waste management locations, each unit in the EPRI 
database had to be matched with a specific electric utility facility. This matching was 
accomplished by applying professional judgment in comparing the state, waste quantity, and 
waste management practice information in the EPRI database with similar data from responses to 
the U.S. Department of Energy’s Energy Information Administration (EIA) Form EIA-767 
(Steam-Electric Plant Operation and Design Report) for the same year as the EPRI survey 
(1995). The latitude and longitude plant locations in the EIA database allowed the pairing of the 
EPRI WMU data with environmental setting information. 


B.2 CIBO Fluidized Bed Combustion Survey  


For FBC WMUs, the primary source of data for area, capacity, liner type, and waste type 
managed was the CIBO Fossil Fuel Fluidized Bed Combustion (FBC) Survey. In 1996, CIBO 
sent a voluntary questionnaire to every fossil-fuel-fired FBC plant, both utility and nonutility, in 
the United States. This survey collected general facility information, characterized process inputs 
and outputs, gathered data on waste generation and characteristics, and captured details of FBC 
waste management practices. From the survey responses, CIBO prepared an electronic database 
and provided it to EPA in support of the March 1999 RTC. CIBO also published a report (CIBO, 
1997) that includes documentation of the survey format and provides a brief summary of the 
results. 


CIBO reports a total of 84 facilities using FBC technology. Forty-five of these responded 
to the CIBO FBC survey, with 20 of the respondents providing information about waste 
management practices. The facilities with waste management data cover 24 percent of all U.S. 
facilities using FBC. The CIBO sample is geographically representative of the full population, 
with the exception of two states that appear under-represented in the sample—Pennsylvania and 
Illinois. EPA’s technical background document on industry statistics and waste management 
practices (U.S. EPA, 1999b) discusses the representativeness of the EPRI survey in greater detail 
and provides extensive summary statistics on the survey responses. 


The CIBO survey includes questions requesting the respondent to report WMU area, 
capacity, liner type, and waste type managed. Therefore, the data set used for modeling these 
variables was extracted directly from the CIBO database. The CIBO respondents include both 
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utility and nonutility (i.e., industrial or institutional facilities that burn coal, but are not primarily 
engaged in the business of selling electricity) facilities. Because nonutilities are outside the scope 
of this risk assessment, nonutilities were excluded from the data set. Three additional utility 
facilities were excluded from the data set because their responses contained insufficient data on 
the variables of interest (area, capacity, liner type, and waste type). Mine placement sites also 
were excluded from the data set. Data for the FBC units responding to the EPRI survey (see 
above) were added to the data set. This resulted in a sample of seven FBC landfills and one FBC 
surface impoundment for modeling. Table B-1 compares this sample to the waste management 
practices of the full utility FBC population. 


As shown in Table B-1, FBC facilities frequently avoid waste disposal units by directing 
all of their waste to mine placement or beneficial use. Therefore, although only 8 of the 41 utility 
FBC facilities are included in the model data set, these 8 facilities represent nearly all of the 
known FBC landfills and surface impoundments. 


Table B-1. Utility FBC Waste Management Practices and Units Modeled  


Number of Facilities... Total Landfill 
Surface 


Impoundment 
Minefill or 


Beneficial Use Unknown 
in the full population 41 11 1 16 13 
modeled 8 7 1 Not applicable Not applicable 


 


The CIBO survey database identified the location of each WMU in detail (latitude and 
longitude). Therefore, no additional analysis was necessary to pair the WMU data with 
environmental setting information. 


B.3 Liner Type  


The EPRI survey data included information on the liner (if any) for each WMU.  For this 
assessment, the WMUs were assigned to one of three liner scenarios based on the EPRI liner 
data: an unlined (no liner) scenario, a compacted clay liner, and a composite liner that combines 
a plastic (e.g., high-density polyethylene (HDPE) membrane) over either geosynthetic or natural 
clays. These three scenarios correspond to the following conceptual liner scenarios, developed in 
support of EPA’s Industrial Subtitle D guidance (U.S. EPA, 2002), which can be selected in the 
landfill and surface impoundment models used in this assessment.   


 Unlined Scenario. For landfills, waste is placed directly on local soils, either on grade or 
excavated to some design depth and without a leachate collection system. After the 
landfill has been filled to capacity, a 2-foot native soil cover (the minimum required by 
Subtitle D regulations) is installed and assumed to support vegetation.  For surface 
impoundments, wastewater is placed directly on local soils, and the depth of water is 
constant over the entire life of the impoundment, pre- and post-closure. Sediments 
accumulate and consolidate at the bottom of the impoundment and migrate into the 
underlying native soils, where they clog pore spaces and provide some barrier to flow.  
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 Clay Liner Scenario. For landfills, waste is placed directly on a 3-foot compacted clay 
liner, which is installed on the local soils, either on grade or excavated to some design 
depth and without a leachate collection system. After the landfill has been filled to 
capacity, a 3-foot clay cover is installed and covered with 1 foot of loam to support 
vegetation and drainage. The hydraulic conductivity of both the liner and cover clays is 
assumed to be 1x10-7 cm/sec. For surface impoundments, wastewater is placed on a 
compacted clay liner, which is installed on the local soils. The assumptions for an unlined 
impoundment also apply to the compacted clay liner scenario, except that a compacted 
clay liner filters out the sediments that clog the native soils in the unlined case, so the 
effect of clogging the native materials is not included in the calculation of the infiltration 
rate. The thickness of the compacted clay liner was assumed to be 3 feet and the 
hydraulic conductivity was assumed to be 1x10-7 cm/sec.  


 Composite Liner Scenario. For landfills, wastes are placed on a liner system that 
consists of a 60 mil HDPE membrane with either an underlying geosynthetic clay liner 
with a maximum hydraulic conductivity of 5x10-9 cm/sec, or a 3-foot compacted clay 
liner with a maximum hydraulic conductivity of 1x10-7 cm/sec. A leachate collection 
system is also assumed to exist between the waste and the liner system. After the landfill 
has been filled to capacity, a 3-foot clay cover is assumed to be installed and covered 
with 1 foot of loam to support vegetation and drainage. For surface impoundments, 
wastewater is placed on a synthetic membrane with an underlying geosynthetic or natural 
compacted clay liner with a hydraulic conductivity of 1x10-7 cm/sec. The membrane liner 
was assumed to have a number of pinhole leaks of uniform size (6 mm2). The number of 
these leaks was based on an empirical distribution of membrane leak density values 
obtained from TetraTech (2001), as described in the IWEM Technical Background 
Document (U.S. EPA, 2002). 


Table B-2 shows the crosswalk used to assign one of the three liner scenarios to each 
facility based on the liner data in the EPRI survey data (EPRI, 1997a). Attachment B-2 provides 
these assignments, along with the original EPRI liner type, for each CCW landfill facility 
modeled.  


Table B-2. Crosswalk Between EPRI and 
CCW Source Model Liner Types  


EPRI Liner Type 
Model Liner 


Code Description 
Compacted ash 0 no liner 
Compacted clay 1 clay 
Composite clay/membrane 2 composite 
Double 2 composite 
Geosynthetic membrane 2 composite 
None/natural soils 0 no liner 
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B.4 Surface Impoundment Operating Life  


The model runs for surface impoundments required a general assumption about the length 
of the operating life for these WMUs. Of the surface impoundments in the EPRI comanagement 
survey, 86 provided responses to questions about both the unit’s opening date and expected 
closure date. From these two dates, an expected operating life for each impoundment can be 
calculated. An additional 30 impoundments provided an opening date, but no closure date. One 
possible interpretation of these responses is that these facilities do not expect to close in the 
foreseeable future, corresponding to a very long or indefinite operating life with dredging of 
waste to maintain capacity. Figure B-1 shows the distribution of the calculated operating lives, 
along with a bar showing the facilities with no closure date. 
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Figure B-1. Operating life of impoundments in the EPRI survey. 


Based on these data, a 75-year operating life was chosen. This value corresponds to the 
95th percentile of the observed distribution. While the use of a 95th percentile value may appear 
conservative, if many of the facilities with no closure date do, in fact, plan to operate 
indefinitely, 75 years would correspond to a much lower percentile in the distribution. More 
significantly, many CCW surface impoundments close with wastes in place. The selection of 75 
years minimizes the underestimation of chronic risks for this scenario, given that EPA’s 
Composite Model for Leachate Migration with Transformation Products (EPACMTP) surface 
impoundment model assumes clean closure after the operating life.  


B.5 Above- and Below-Grade Geometry  


The model runs for surface impoundments and landfills required general assumptions 
about the geometry of these units with respect to the ground surface (i.e., how much of the unit’s 
depth is below grade). The CIBO FBC survey included data on this geometry, so, for FBC units, 
these data were extracted directly from the database along with the other individual WMU data 
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(e.g., capacity). The EPRI comanagement survey did not contain data describing above- and 
below-grade geometry. Therefore, for conventional utility coal combustion WMUs, EPA 
reviewed 17 site-characterization reports published by EPRI (EPRI 1991; 1992; 1994a,b; 
1996a,b; 1997b-k) and determined an above- versus below-grade geometry for each unit 
described in those reports based on schematic diagrams and site descriptions. EPA also extracted 
data from another CIBO voluntary survey that covered conventional (non-FBC) nonutility coal 
combustors. Figures B-2 and B-3 display the distributions of the data thus collected. 
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Figure B-2. Above- and below-grade geometry for landfills.  
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Figure B-3. Above- and below-grade geometry for impoundments. 
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For landfills, because the data were limited (8 sites), the model runs assume that the 
percent below grade ranges from 1 to 100 and is uniformly distributed. For each landfill 
iteration, a random value for percent below grade is picked and applied to the landfill depth to 
determine depth below ground surface. This value is constrained to be no deeper than the water 
table and is checked to see that EPACMTP groundwater mounding constraints are not violated.  


For surface impoundments, more data were available (16 sites), with 8 sites being 
constructed entirely below grade and the remaining 8 sites ranging from 7.5 to 45 feet above 
grade. For each surface impoundment iteration, height above grade at these 15 sites is randomly 
sampled as an empirical distribution and applied to the overall surface impoundment depth to 
determine depth below ground surface. 


B.6 Calculation of WMU Depth and Imputation of Missing WMU Data  


The EPRI survey includes information on the total area and total waste capacity of each 
landfill and surface impoundment included in the survey. To calculate average depth for each 
WMU (a necessary EPACMTP model input), the total waste capacity was divided by the area. 
The resulting depths were then checked for reasonableness. For surface impoundments, one 
depth (1 foot) was culled as being unrealistically low and one (700 feet) as too high. Two landfill 
depths less than 2 feet and one depth greater than 350 feet were also removed from the database. 
In these cases the EPRI waste capacity data were culled and replaced using the regressions 
described below (i.e., WMU areas are considered more reliable than the capacity estimates in the 
survey data), and new capacities were estimated as described below. 


In addition, four landfills and six surface impoundments had neither area nor capacity 
data in the EPRI survey. In these cases, the EIA facility locations were used to find the plants 
and their WMUs on aerial photos from the Terraserver Web site (http://terraserver-usa.com/ 
geographic.aspx), and a geographic information system (GIS) was used to measure the areas of 
the units in question. Capacities were then estimated as described below. 


To impute data for facilities missing either area or capacity data in the EPRI survey, 
linear regression equations were developed based on WMUs with both area and capacity data, 
one to predict area from capacity, and one to predict capacity from area. The final regression 
equations are shown in Figures B-4 and B-5 for landfills and Figures B-6 and B-7 for surface 
impoundments. In each case, a standard deviation around the regression line was also computed 
and used during source data file preparation to randomly vary the area or capacity from iteration 
to iteration within the bounds of the existing data set. 
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y = 0.6437x - 2.3704
R2 = 0.6671


Std. Dev = 0.28
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Figure B-4. Linear regression to impute landfill area from capacity. 


y = 1.0363x + 4.6299
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Figure B-5. Linear regression to impute landfill capacity from area. 
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y = 0.6854x - 2.4976
R2 = 0.5867


Std. Dev. = 0.32
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Figure B-6. Linear regression to impute surface impoundment area from capacity. 
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Figure B-7. Linear regression to impute surface impoundment capacity from area. 
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B.7 Results  


Attachment B-1 lists the 181 CCW disposal sites modeled in this risk assessment and 
their locations.  The WMU data used in the CCW risk assessment for each of the 108 landfills 
and 96 surface impoundments at these coal combustion facilities are presented in Attachment 
B-2. Missing data that were randomly replaced as described above are not represented in the 
table (i.e., the fields are left blank).   
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Attachment B-1: CCW Disposal Sites (Plants) 
Plant Name Utility Name County State Latitude Longitude 


A B Brown Southern Indiana Gas & Elec. Co. Posey IN 37.9053 87.715 
A/C Power - Ace 
Operations 


A.C.E. Cogeneration Co. San Bernardino CA 35.75 117.3667 


Allen Tennessee Valley Authority Shelby TN 35.0742 90.1492 
Alma Dairyland Power Coop Buffalo WI 44.3078 91.905 
Antelope Valley Basin Electric Power Coop Mercer ND 47.37 101.8353 
Arkwright Georgia Power Co. Bibb GA 32.9269 83.6997 
Asheville Carolina Power & Light Co. Buncombe NC 35.4714 82.5431 
Baldwin Illinois Power Co. Randolph IL 38.205 89.8544 
Barry Alabama Power Co. Mobile AL 31.0069 88.0103 
Bay Front Northern States Power Co. Ashland WI 43.4833 89.4 
Bay Shore Toledo Edison Co. Lucas OH 41.6925 83.4375 
Belews Creek Duke Power Co. Stokes NC 36.2811 80.0603 
Ben French Black Hills Corp. Pennington SD 44.0872 103.2614 
Big Cajun 2 Cajun Electric Power Coop, Inc. Pointe Coupee LA 30.7283 91.3686 
Big Sandy Kentucky Power Co. Lawrence KY 38.1686 82.6208 
Big Stone Otter Tail Power Co. Grant SD 45.3047 96.5083 
Black Dog Steam 
Plant 


Northern States Power Company Dakota MN 44.8167 93.25 


Blue Valley Independence, City of Jackson MO 39.0919 94.3364 
Bowen Georgia Power Co. Bartow GA 34.1256 84.9192 
Brandon Shores Baltimore Gas & Electric Co. Anne Arundel MD 39.18 76.5333 
Buck Duke Power Co. Rowan NC 35.7133 80.3767 
Bull Run Tennessee Valley Authority Anderson TN 36.0211 84.1567 
C D McIntosh Jr. Lakeland, City of Polk FL 28.075 81.9292 
C P Crane Baltimore Gas & Electric Co. Baltimore City MD 39.2845 76.6207 
Cape Fear Carolina Power & Light Co. Chatham NC 35.5989 79.0492 
Carbon PacifiCorp Carbon UT 39.7264 110.8639 
Cardinal Cardinal Operating Co. Jefferson OH 40.2522 80.6486 
Cayuga PSI Energy, Inc. Vermillion IN 39.9008 87.4136 
Chalk Point Potomac Electric Power Co. Prince Georges MD 38.5639 76.6806 
Cholla Arizona Public Service Co. Navajo AZ 34.9414 110.3003 
Cliffside Duke Power Co. Cleveland NC 35.22 81.7594 
Clover Virginia Electric & Power Co. Halifax VA 36.8667 78.7 
Coal Creek Coop Power Assn. McLean ND 47.3789 101.1572 
Coleto Creek Central Power & Light Co. Goliad TX 28.7128 97.2142 


(continued)
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CCW Disposal Sites (Plants) (continued) 
Plant Name Utility Name County State Latitude Longitude 


Colstrip Montana Power Co. Rosebud MT 45.8844 106.6139 
Conemaugh GPU Service Corporation Indiana PA 40.3842 79.0611 
Conesville Columbus Southern Power Co. Coshocton OH 40.1842 81.8811 
Council Bluffs MidAmerican Energy Co. Pottawattamie IA 41.18 95.8408 
Crawford Commonwealth Edison Co. Cook IL 39.8225 90.5681 
Crist Gulf Power Co. Escambia FL 30.5658 87.2239 
Cross South Carolina Pub Serv. Auth. Berkeley SC 33.3694 80.1119 
Cumberland Tennessee Valley Authority Stewart TN 36.3942 87.6539 
Dale East Kentucky Power Coop, Inc. Clark KY 37.875 84.25 
Dallman Springfield, City of Sangamon IL 39.7547 89.6008 
Dan E Karn Consumers Energy Co. Bay MI 43.645 83.8414 
Dan River Duke Power Co. Rockingham NC 36.4861 79.7244 
Danskammer Central Hudson Gas & Elec. Corp. Orange NY 41.5719 73.9664 
Dave Johnston PacifiCorp Converse WY 42.8333 105.7667 
Dickerson Potomac Electric Power Co. Montgomery MD 39.144 77.2059 
Dolet Hills CLECO Corporation De Soto LA 32.0308 93.5644 
Duck Creek Central Illinois Light Co. Fulton IL 40.4644 89.9825 
Dunkirk Niagara Mohawk Power Corp. Chautauqua NY 42.4919 79.3469 
E D Edwards Central Illinois Light Co. Peoria IL 40.5961 89.6633 
E W Brown Kentucky Utilities Co. Mercer KY 37.7911 84.7147 
Eckert Station Lansing, City of Ingham MI 42.7189 84.5583 
Edgewater Wisconsin Power & Light Co. Sheboygan WI 43.7181 87.7092 
Elmer W Stout Indianapolis Power & Light Co. Marion IN 39.7122 86.1975 
F B Culley Southern Indiana Gas & Elec. Co. Warrick IN 37.91 87.3267 
Fayette Power Prj. Lower Colorado River Authority Fayette TX 29.9172 96.7506 
Flint Creek Southwestern Electric Power Co. Benton AR 36.2625 94.5208 
Fort Martin Monongahela Power Co. Monongalia WV 39.7 79.9167 
Frank E Ratts Hoosier Energy R E C, Inc. Pike IN 38.5186 87.2725 
G G Allen Duke Power Co. Gaston NC 35.1897 81.0122 
Gadsden Alabama Power Co. Etowah AL 34.0136 85.9703 
Gallatin Tennessee Valley Authority Sumner TN 36.3156 86.4006 
Gen J M Gavin Ohio Power Co. Gallia OH 38.9358 82.1164 
Genoa Dairyland Power Coop Vernon WI 43.5592 91.2333 
Gibson PSI Energy, Inc. Gibson IN 38.3589 87.7783 
Gorgas Alabama Power Co. Walker AL 33.5111 87.235 
Green River Kentucky Utilities Co. Muhlenberg KY 37.3636 87.1214 
Greene County Alabama Power Co. Greene AL 32.6 87.7667 
H B Robinson Carolina Power & Light Co. Darlington SC 34.4 80.1667 
Hammond Georgia Power Co. Floyd GA 34.3333 85.2336 


(continued)
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CCW Disposal Sites (Plants) (continued) 
Plant Name Utility Name County State Latitude Longitude 


Harllee Branch Georgia Power Co. Putnam GA 33.1942 83.2994 
Harrison Monongahela Power Co. Harrison WV 39.3833 80.3167 
Hatfield's Ferry West Penn Power Co. Greene PA 39.85 79.9167 
Hennepin Illinois Power Co. Putnam IL 41.3028 89.315 
Heskett Montana-Dakota Utilities Co. Morton ND 46.8669 100.8839 
Holcomb Sunflower Electric Power Corp. Finney KS 37.9319 100.9719 
Homer City GPU Service Corporation Indiana PA 40.5142 79.1969 
Hoot Lake Otter Tail Power Co. Otter Tail MN 46.29 96.0428 
Hugo Western Farmers Elec. Coop, Inc. Choctaw OK 34.0292 95.3167 
Hunter PacifiCorp Emery UT 39.1667 111.0261 
Huntington PacifiCorp Emery UT 39.3792 111.075 
Intermountain Los Angeles, City of Millard UT 39.5108 112.5792 
J H Campbell Consumers Energy Co. Ottawa MI 42.9103 86.2031 
J M Stuart Dayton Power & Light Co. Adams OH 38.6364 83.7422 
J R Whiting Consumers Energy Co. Monroe MI 41.7914 83.4486 
Jack McDonough Georgia Power Co. Cobb GA 33.8244 84.475 
Jack Watson Mississippi Power Co. Harrison MS 30.4392 89.0264 
James H Miller Jr. Alabama Power Co. Jefferson AL 33.6319 87.0597 
Jim Bridger PacifiCorp Sweetwater WY 41.75 108.8 
John E Amos Appalachian Power Co. Putnam WV 38.4731 81.8233 
John Sevier Tennessee Valley Authority Hawkins TN 36.3767 82.9639 
Johnsonville Tennessee Valley Authority Humphreys TN 36.0278 87.9861 
Joliet 29 Commonwealth Edison Co. Will IL 41.4892 88.0844 
Keystone GPU Service Corporation Armstrong PA 40.6522 79.3425 
Killen Station Dayton Power & Light Co. Adams OH 38.6903 83.4803 
Kingston Tennessee Valley Authority Roane TN 35.8992 84.5194 
Kraft Savannah Electric & Power Co Chatham GA 32.1333 81.1333 
L V Sutton Carolina Power & Light Co. New Hanover NC 34.2831 77.9867 
Lansing Interstate Power Co. Allamakee IA 43.3386 91.1667 
Laramie R Station Basin Electric Power Coop Platte WY 42.1086 104.8711 
Lawrence EC KPL Western Resources Co. Douglas KS 39.0078 95.2681 
Lee Carolina Power & Light Co. Wayne NC 35.3778 78.1 
Leland Olds Basin Electric Power Coop Mercer ND 47.2833 101.4 
Lon Wright Fremont, City of Dodge NE 41.45 96.5167 
Louisa MidAmerican Energy Co. Louisa IA 41.3181 91.0931 
Marion Southern Illinois Power Coop Williamson IL 37.6167 88.95 
Marshall Duke Power Co. Catawba NC 35.5975 80.9658 
Martin Lake Texas Utilities Electric Co. Rusk TX 32.2606 94.5708 
Mayo Carolina Power & Light Co. Person NC 36.5278 78.8919 
Meramec Union Electric Co. St Louis MO 38.6522 90.2397 
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CCW Disposal Sites (Plants) (continued) 
Plant Name Utility Name County State Latitude Longitude 


Merom Hoosier Energy R E C, Inc. Sullivan IN 39.0694 87.5108 
Miami Fort Cincinnati Gas & Electric Co. Hamilton OH 39.1111 84.8042 
Milton R Young Minnkota Power Coop, Inc. Oliver ND 47.0664 101.2139 
Mitchell - PA West Penn Power Co. Washington PA 40.2167 79.9667 
Mitchell - WV Ohio Power Co. Marshall WV 39.8297 80.8153 
Mohave Southern California Edison Co. Clark NV 35.1667 114.6 
Monroe Detroit Edison Co. Monroe MI 41.8911 83.3444 
Morgantown Potomac Electric Power Co. Charles MD 38.3611 76.9861 
Mountaineer (1301) Appalachian Power Co. Mason WV 38.9794 81.9344 
Mt Storm Virginia Electric & Power Co. Grant WV 39.2014 79.2667 
Muscatine Plant #1 Muscatine, City of Muscatine IA 41.3917 91.0569 
Muskogee Oklahoma Gas & Electric Co. Muskogee OK 35.7653 95.2883 
Neal North MidAmerican Energy Co. Woodbury IA 42.3167 96.3667 
Neal South MidAmerican Energy Co. Woodbury IA 42.3022 96.3622 
Nebraska City Omaha Public Power District Otoe NE 40.625 95.7917 
New Castle Pennsylvania Power Co. Lawrence PA 40.9383 80.3683 
Newton Central Illinois Pub Serv. Co. Jasper IL 38.9364 88.2778 
North Omaha Omaha Public Power District Douglas NE 41.33 95.9467 
Northeastern Public Service Co. of Oklahoma Rogers OK 36.4222 95.7047 
Nucla Tri-State G & T Assn., Inc. Montrose CO 38.2386 108.5072 
Oklaunion West Texas Utilities Co. Wilbarger TX 34.0825 99.1753 
Paradise Tennessee Valley Authority Muhlenberg KY 37.2608 86.9783 
Petersburg Indianapolis Power & Light Co. Pike IN 38.5267 87.2522 
Pleasant Prairie Wisconsin Electric Power Co. Kenosha WI 42.5381 87.9033 
Port Washington Wisconsin Electric Power Co. Ozaukee WI 43.3908 87.8686 
Portland Metropolitan Edison Co. Northampton PA 40.7525 75.3324 
Possum Point Virginia Electric & Power Co. Prince William VA 38.5367 77.2806 
Potomac River Potomac Electric Power Co. Alexandria VA 38.8078 77.0372 
Presque Isle Wisconsin Electric Power Co. Marquette MI 46.5694 87.3933 
R Gallagher PSI Energy, Inc. Floyd IN 38.2631 85.8378 
R M Schahfer Northern Indiana Pub. Serv. Co. Jasper IN 41.2167 87.0222 
Reid Gardner Nevada Power Co. Clark NV 36.6606 114.625 
Richard Gorsuch American Mun. Power-Ohio, Inc. Washington OH 39.3672 81.5208 
Riverbend Duke Power Co. Gaston NC 35.36 80.9742 
Rodemacher CLECO Corporation Rapides LA 31.395 92.7167 
Roxboro Carolina Power & Light Co. Person NC 36.4831 79.0711 
Sandow Texas Utilities Electric Co. Milam TX 30.5642 97.0639 
Scherer Georgia Power Co. Monroe GA 33.0583 83.8072 
Shawnee Tennessee Valley Authority McCracken KY 37.1517 88.775 
Shawville GPU Service Corporation Clearfield PA 41.0681 78.3661 
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CCW Disposal Sites (Plants) (continued) 
Plant Name Utility Name County State Latitude Longitude 


Sheldon Nebraska Public Power District Lancaster NE 40.5589 96.7842 
South Oak Creek Wisconsin Electric Power Co. Milwaukee WI 42.8014 87.8314 
Springerville Tucson Electric Power Co Apache AZ 34.3186 109.1636 
St Johns River Power JEA Duval FL 30.4308 81.5508 
Stanton Energy Ctr. Orlando Utilities Comm. Orange FL 28.4822 81.1678 
Stockton Cogen 
Company 


Stockton Cogen Co (operator: Air 
Products) 


San Joaquin CA 37.9778 121.2667 


Syl Laskin Minnesota Power, Inc. St Louis MN 47.53 92.1617 
Tecumseh EC KPL Western Resources Co. Shawnee KS 39.0528 95.5683 
Texas-New Mexico Texas-New Mexico Power 


Company/Sempra Energy 
Robertson TX 31.0928 96.6933 


Titus Metropolitan Edison Co. Berks PA 40.3047 75.9072 
Trimble County Louisville Gas & Electric Co. Trimble KY 38.5678 85.4139 
Tyrone Kentucky Utilities Co. Woodford KY 38.0213 84.7456 
Valley Wisconsin Electric Power Co. Milwaukee WI 43.0303 87.925 
Vermilion Illinois Power Co. Vermilion IL 40.1781 87.7481 
Victor J Daniel Jr. Mississippi Power Co. Jackson MS 30.5322 88.5569 
W A Parish Houston Lighting & Power Co. Fort Bend TX 29.4833 95.6331 
W H Weatherspoon Carolina Power & Light Co. Robeson NC 34.5889 78.975 
W S Lee Duke Power Co. Anderson SC 34.6022 82.435 
Wabash River PSI Energy, Inc. Vigo IN 39.5278 87.4222 
Walter C Beckjord Cincinnati Gas & Electric Co. Clermont OH 38.9917 84.2972 
Wansley Georgia Power Co. Heard GA 33.4167 85.0333 
Warrick Southern Indiana Gas & Elec. Co. Warrick IN 37.915 87.3319 
Waukegan Commonwealth Edison Co. Lake IL 42.3833 87.8083 
Weston Wisconsin Public Service Corp. Marathon WI 44.8617 89.655 
Widows Creek Tennessee Valley Authority Jackson AL 34.8825 85.7547 
Will County Commonwealth Edison Co. Will IL 38.8639 90.1347 
Wyodak PacifiCorp Campbell WY 44.2833 105.4 
Yates Georgia Power Co. Coweta GA 33.4631 84.955 
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Attachment B-2: CCW WMU Data 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


A B Brown 42 LF 176 10360000 Ash compacted clay clay 
A/C Power - Ace Operations 3000 LF 18 1030815 FBC none/natural soils no liner 
Allen 293 SI 85 1500000 Ash none/natural soils no liner 
Alma 7 LF 85 2000000 Ash and Coal Waste composite clay/membrane composite 
Antelope Valley 57 LF 27 3500000 Ash none/natural soils no liner 
Arkwright 198 LF 54 415907 Ash and Coal Waste none/natural soils no liner 
Asheville 159 SI 140 3200000 Ash none/natural soils no liner 
Baldwin 2 SI 107 4000000 Ash and Coal Waste none/natural soils no liner 
Barry 301 SI 63 1900000 Ash and Coal Waste none/natural soils no liner 
Bay Front 81 LF 10 350000 Ash none/natural soils no liner 
Bay Shore 32 LF 85  Ash none/natural soils no liner 
Belews Creek 167 SI 512 2200000 Ash and Coal Waste none/natural soils no liner 
Belews Creek 168 LF 315 14000000 Ash compacted ash no liner 
Ben French 14 LF 4.61  Ash compacted clay clay 
Big Cajun 2 186 SI 241 4990003 Ash compacted clay clay 
Big Sandy 138 SI 115 12052100 Ash and Coal Waste none/natural soils no liner 
Big Stone 15 LF 3.4 80000 Ash compacted clay clay 
Big Stone 41 LF 106 8000000 Ash none/natural soils no liner 
Black Dog Steam Plant 2700 LF 96 8936296 FBC compacted clay clay 
Blue Valley 176 SI 23.1 372000 Ash and Coal Waste compacted clay clay 
Bowen 143 LF 25.24 491400 Ash compacted ash no liner 
Bowen 144 LF 25.77 406971 Ash compacted ash no liner 
Brandon Shores 339 LF 246 5600000 Ash and Coal Waste none/natural soils no liner 
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Buck 235 SI 90 4840000 Ash and Coal Waste none/natural soils no liner 
Bull Run 296 SI 41 650000 Ash and Coal Waste none/natural soils no liner 
C D McIntosh Jr. 223 LF 26  Ash and Coal Waste compacted ash no liner 
C P Crane 338 LF 35 800000 Ash none/natural soils no liner 
Cape Fear 161 SI 60 2300000 Ash none/natural soils no liner 
Carbon 263 lf 11.7739066  Ash and Coal Waste none/natural soils no liner 
Cardinal 126 SI 123 8437500 Ash none/natural soils no liner 
Cayuga 325 SI 280 25000000 Ash and Coal Waste none/natural soils no liner 
Chalk Point 292 LF 596 4634000 Ash and Coal Waste none/natural soils no liner 
Cholla 107 SI 171 2600000 Ash none/natural soils no liner 
Cliffside 163 SI 82 2200000 Ash compacted clay clay 
Clover 139 LF 22 1000000 Ash geosynthetic membrane composite 
Coal Creek 29 LF 70 4700000 Ash compacted clay clay 
Coal Creek 30 LF 220 23000000 Ash composite clay/membrane composite 
Coleto Creek 190 si 314.6135409  Ash and Coal Waste compacted clay clay 
Colstrip 89 LF 9  Ash none/natural soils no liner 
Conemaugh 101 LF 434 82000000 Ash geosynthetic membrane composite 
Conesville 250 LF 300 10000000 Ash compacted clay clay 
Conesville 251 LF 100 2500000 Ash and Coal Waste none/natural soils no liner 
Council Bluffs 94 SI 200  Ash none/natural soils no liner 
Crawford 272 SI 24.5 642000 Ash and Coal Waste compacted clay clay 
Crist 157 LF 12  Ash and Coal Waste none/natural soils no liner 
Cross 264 LF 320  Ash compacted ash no liner 
Cross 265 LF 30  Ash and Coal Waste none/natural soils no liner 
Cross 266 LF 30  Ash and Coal Waste none/natural soils no liner 
Cross 267 LF 230  Ash and Coal Waste none/natural soils no liner 
Cross 268 LF 60  Ash and Coal Waste compacted clay clay 
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Cumberland 294 SI 75 1750000 Ash and Coal Waste none/natural soils no liner 
Cumberland 303 SI 295 9500000 Ash none/natural soils no liner 
Dale 151 SI 115 7408274 Ash and Coal Waste none/natural soils no liner 
Dallman 178 LF 22 1800000 Ash compacted clay clay 
Dallman 179 SI 417 3800000 Ash none/natural soils no liner 
Dan E Karn 6 LF 40 1650000 Ash and Coal Waste geosynthetic membrane composite 
Dan River 234 SI 72 2097000 Ash and Coal Waste none/natural soils no liner 
Danskammer 24 LF 14 517265 Ash and Coal Waste geosynthetic membrane composite 
Dave Johnston 13 LF 45 296100 Ash compacted clay clay 
Dickerson 290 LF 206 12600000 Ash none/natural soils no liner 
Dolet Hills 245 SI 66 850000 Ash and Coal Waste none/natural soils no liner 
Dolet Hills 246 LF 109 8500000 Ash compacted clay clay 
Duck Creek 11 LF 21.3 1500000 Ash compacted clay clay 
Dunkirk 49 LF 12 1126080 Ash compacted clay clay 
E D Edwards 276 SI 145 11000000 Ash and Coal Waste none/natural soils no liner 
E W Brown 313 SI 33 1000000 Ash none/natural soils no liner 
E W Brown 314 SI 84 2710000 Ash none/natural soils no liner 
Eckert Station 113 LF 174 6460000 Ash none/natural soils no liner 
Eckert Station 114 SI 151 7200000 Ash none/natural soils no liner 
Edgewater 289 LF 25 1655700 Ash and Coal Waste none/natural soils no liner 
Elmer W Stout 130 SI 10 3420000 Ash geosynthetic membrane composite 
F B Culley 183 SI 82 2600000 Ash and Coal Waste none/natural soils no liner 
Fayette Power Prj. 195 SI 190 4351644 Ash compacted clay clay 
Fayette Power Prj. 196 LF 23 890560 Ash geosynthetic membrane composite 
Flint Creek 191 LF 40 1508250 Ash and Coal Waste none/natural soils no liner 
Flint Creek 192 si 35.73857178  Ash and Coal Waste none/natural soils no liner 
Fort Martin 213 LF 17 1900000 Ash none/natural soils no liner 
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Fort Martin 214 LF 61 1400000 Ash double composite 
Fort Martin 215 LF 121 3700000 Ash and Coal Waste composite clay/membrane composite 
Frank E Ratts 182 SI 39 1250000 Ash and Coal Waste none/natural soils no liner 
G G Allen 237 SI 210 6545000 Ash and Coal Waste none/natural soils no liner 
Gadsden 283 SI 60 484000 Ash and Coal Waste compacted clay clay 
Gallatin 304 SI 341 4300000 Ash and Coal Waste none/natural soils no liner 
Gen J M Gavin 135 LF 255 50000000 Ash composite clay/membrane composite 
Gen J M Gavin 136 SI 300 30000000 Ash and Coal Waste none/natural soils no liner 
Gen J M Gavin 137 LF 99 12000000 Ash compacted clay clay 
Genoa 244 LF 100  Ash and Coal Waste none/natural soils no liner 
Gibson 327 SI 875 55000000 Ash and Coal Waste none/natural soils no liner 
Gibson 329 LF 85 20000000 Ash compacted clay clay 
Gorgas 280 SI 250  Ash and Coal Waste compacted clay clay 
Gorgas 281 SI 283 24100000 Ash and Coal Waste compacted clay clay 
Gorgas 282 SI 1500 15000000 Ash and Coal Waste compacted clay clay 
Green River 147 SI 36 2331219 Ash and Coal Waste none/natural soils no liner 
Greene County 279 SI 480 5000000 Ash compacted clay clay 
H B Robinson 169 SI 30  Ash and Coal Waste none/natural soils no liner 
Hammond 203 SI 56 576256 Ash and Coal Waste none/natural soils no liner 
Harllee Branch 204 SI 324 7898277 Ash and Coal Waste none/natural soils no liner 
Harllee Branch 205 SI 203 7634000 Ash and Coal Waste none/natural soils no liner 
Harrison 211 LF 79 18000000 Ash and Coal Waste composite clay/membrane composite 
Harrison 330 SI 300 28000000 Ash none/natural soils no liner 
Hatfield's Ferry 112 LF 20 790000 Ash and Coal Waste compacted ash no liner 
Hennepin 274 SI 150 3460600 Ash and Coal Waste none/natural soils no liner 
Heskett 87 LF 58 1550000 FBC compacted clay clay 
Holcomb 65 LF 8  Ash compacted ash no liner 
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Homer City 118 LF 247 29636550 Ash and Coal Waste geosynthetic membrane composite 
Hoot Lake 40 LF 72 800000 Ash and Coal Waste none/natural soils no liner 
Hugo 193 LF 40 4000000 Ash compacted ash no liner 
Hugo 194 si 151.0232271  Ash and Coal Waste compacted clay clay 
Hunter 256 LF 280 12000000 Ash none/natural soils no liner 
Huntington 255 LF 70 11400000 Ash none/natural soils no liner 
Intermountain 224 SI 105 4840000 Ash and Coal Waste geosynthetic membrane composite 
Intermountain 225 LF 339 17800000 Ash compacted ash no liner 
Intermountain 226 SI 180 5200000 Ash geosynthetic membrane composite 
J H Campbell 115 SI 267 6900000 Ash and Coal Waste none/natural soils no liner 
J M Stuart 125 SI 88 8357000 Ash none/natural soils no liner 
J R Whiting 129 SI 6 140000 Ash none/natural soils no liner 
Jack McDonough 202 SI 73 1531893 Ash and Coal Waste none/natural soils no liner 
Jack Watson 220 SI 100  Ash none/natural soils no liner 
James H Miller Jr. 300 SI 200 5500000 Ash compacted clay clay 
Jim Bridger 257 LF 120 7940941 Ash none/natural soils no liner 
Jim Bridger 258 LF 241 24000000 Ash and Coal Waste none/natural soils no liner 
Jim Bridger 259 SI 140 3400000 Ash and Coal Waste none/natural soils no liner 
Jim Bridger 262 SI 125 6500000 Ash and Coal Waste none/natural soils no liner 
John E Amos 120 SI 100 13000000 Ash none/natural soils no liner 
John E Amos 121 LF 200 14000000 Ash and Coal Waste compacted clay clay 
John E Amos 122 SI 10 3078000 Ash none/natural soils no liner 
John Sevier 297 SI 57 1600000 Ash and Coal Waste none/natural soils no liner 
John Sevier 298 LF 51 4800000 Ash compacted clay clay 
John Sevier 309 SI 105 7000000 Ash and Coal Waste none/natural soils no liner 
Johnsonville 306 SI 91 2900000 Ash and Coal Waste none/natural soils no liner 
Joliet 29 275 SI 63.1 1012000 Ash and Coal Waste none/natural soils no liner 


(continued)
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Keystone 106 LF 155 22663120 Ash and Coal Waste none/natural soils no liner 
Killen Station 254 SI  99935 Ash and Coal Waste compacted clay clay 
Kingston 311 SI 41 11000000 Ash and Coal Waste none/natural soils no liner 
Kingston 312 SI 275 8900000 Ash and Coal Waste none/natural soils no liner 
Kraft 206 si 59.87027428  Ash and Coal Waste none/natural soils no liner 
L V Sutton 231 SI 162 7696000 Ash and Coal Waste none/natural soils no liner 
Lansing 64 SI 15  Ash compacted clay clay 
Laramie R Station 260 SI 10.7 464156 Ash and Coal Waste compacted clay clay 
Laramie R Station 261 SI 38 939605 Ash geosynthetic membrane composite 
Lawrence EC 109 LF 825 34300000 Ash compacted clay clay 
Lawrence EC 110 LF 22 1360000 Ash compacted clay clay 
Lawrence EC 111 LF 30 1000000 Ash compacted clay clay 
Lee 240 SI 35 1936000 Ash and Coal Waste none/natural soils no liner 
Leland Olds 103 LF 37 1800000 Ash compacted clay clay 
Leland Olds 104 LF 20 458000 Ash and Coal Waste none/natural soils no liner 
Lon Wright 98 LF  170000 Ash none/natural soils no liner 
Louisa 63 SI 30 500000 Ash compacted clay clay 
Marion 52 LF 105 2200000 Ash none/natural soils no liner 
Marion 53 LF 38 1000000 Ash compacted clay clay 
Marshall 232 LF 110 7826000 Ash none/natural soils no liner 
Marshall 233 SI 340 19689000 Ash and Coal Waste none/natural soils no liner 
Martin Lake 152 LF 290 30000000 Ash compacted clay clay 
Mayo 171 SI 30 185000 Ash none/natural soils no liner 
Mayo 172 SI 65 2400000 Ash none/natural soils no liner 
Meramec 175 SI 61.1 591200 Ash and Coal Waste none/natural soils no liner 
Merom 184 LF 65 8500000 Ash none/natural soils no liner 
Miami Fort 39 LF 80 4000000 Ash compacted clay clay 


(continued)
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Milton R Young 100 LF 80 6500000 Ash compacted clay clay 
Mitchell - PA 208 LF 70 5600000 Ash none/natural soils no liner 
Mitchell - WV 131 SI  12030000 Ash and Coal Waste none/natural soils no liner 
Mohave 72 LF 250 21500000 Ash none/natural soils no liner 
Monroe 26 LF 400 20000000 Ash and Coal Waste none/natural soils no liner 
Monroe 27 SI 400 15000000 Ash none/natural soils no liner 
Morgantown 291 LF 212 7700000 Ash and Coal Waste none/natural soils no liner 
Mountaineer (1301) 212 LF 60 9700000 Ash composite clay/membrane composite 
Mt Storm 73 LF 125 18920000 Ash composite clay/membrane composite 
Mt Storm 134 LF 900 8800000 Ash and Coal Waste compacted clay clay 
Muscatine Plant #1 70 LF 36 2000000 Ash compacted clay clay 
Muskogee 51 LF 36 1247112 Ash compacted clay clay 
Neal North 92 SI 150  Ash and Coal Waste none/natural soils no liner 
Neal North 93 LF 200  Ash none/natural soils no liner 
Neal South 284 LF 150  Ash none/natural soils no liner 
Nebraska City 20 LF 17 600000 Ash and Coal Waste compacted clay clay 
New Castle 66 LF 27 1100000 Ash and Coal Waste geosynthetic membrane composite 
Newton 180 LF 309  Ash none/natural soils no liner 
North Omaha 17 LF 13 105000 Ash and Coal Waste compacted clay clay 
Northeastern 142 LF 69 3185190 Ash none/natural soils no liner 
Nucla 96 LF 41.2 1500000 FBC none/natural soils no liner 
Oklaunion 228 SI 11 408940 Ash and Coal Waste none/natural soils no liner 
Oklaunion 229 SI 19.4 718060 Ash none/natural soils no liner 
Oklaunion 230 SI 290.8 6056820 Ash none/natural soils no liner 
Paradise 146 SI 85 7582510 Ash composite clay/membrane composite 
Paradise 316 SI 200 5000000 Ash none/natural soils no liner 
Petersburg 155 LF 250 19750000 Ash compacted clay clay 


(continued)
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Petersburg 156 si 156.6901408  Ash none/natural soils no liner 
Pleasant Prairie 243 LF 26 6500000 Ash and Coal Waste geosynthetic membrane composite 
Port Washington 242 LF 300 1900000 Ash and Coal Waste compacted clay clay 
Portland 67 LF 15 2200000 Ash and Coal Waste none/natural soils no liner 
Possum Point 77 SI 56  Ash and Coal Waste none/natural soils no liner 
Potomac River 140 LF 33 802000 Ash geosynthetic membrane composite 
Presque Isle 116 LF 292 14200000 Ash none/natural soils no liner 
R Gallagher 326 SI 170 20000000 Ash and Coal Waste compacted clay clay 
R M Schahfer 84 SI 80 1030000 Ash and Coal Waste none/natural soils no liner 
R M Schahfer 85 LF 200 17200000 Ash none/natural soils no liner 
Reid Gardner 95 LF 112.5 4520000 Ash none/natural soils no liner 
Richard Gorsuch 36 LF  3003600 Ash compacted clay clay 
Riverbend 165 SI 143 3200000 Ash none/natural soils no liner 
Rodemacher 247 SI 36 1200000 Ash compacted clay clay 
Rodemacher 248 SI 109 2500000 Ash compacted clay clay 
Roxboro 239 LF 55 4165000 Ash none/natural soils no liner 
Sandow 153 LF 125 1300000 Ash compacted clay clay 
Sandow 187 LF 48 903467 Ash and Coal Waste none/natural soils no liner 
Sandow 188 SI 45 1351973 Ash and Coal Waste none/natural soils no liner 
Scherer 199 SI 490 22262030 Ash and Coal Waste none/natural soils no liner 
Shawnee 317 SI 180 5810000 Ash and Coal Waste none/natural soils no liner 
Shawnee 318 LF 96 6100000 FBC none/natural soils no liner 
Shawville 209 LF 68 8000000 Ash none/natural soils no liner 
Sheldon 23 LF 9 375000 Ash compacted clay clay 
South Oak Creek 3 LF 45 4050000 Ash and Coal Waste compacted clay clay 
South Oak Creek 4 LF 130 4600000 Ash none/natural soils no liner 
Springerville 154 LF 57 6400000 Ash none/natural soils no liner 


(continued)
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


St Johns River Power 158 lf 128.624166  Ash and Coal Waste compacted clay clay 
Stanton Energy Ctr. 117 LF 312  Ash none/natural soils no liner 
Stockton Cogen Company 2000 LF 4 533333 FBC composite clay/membrane composite 
Syl Laskin 68 SI 75 726000 Ash and Coal Waste none/natural soils no liner 
Tecumseh EC 177 LF 540  Ash compacted clay clay 
Texas-New Mexico 3900 LF 61 6142473 FBC compacted clay clay 
Titus 207 LF 39 3000000 Ash and Coal Waste composite clay/membrane composite 
Trimble County 69 SI 115 6856667 Ash compacted clay clay 
Tyrone 148 SI 5.5 351699 Ash none/natural soils no liner 
Tyrone 149 SI 5 327500 Ash and Coal Waste none/natural soils no liner 
Tyrone 150 SI 7.75 500123 Ash and Coal Waste none/natural soils no liner 
Valley 8 LF 16.4 534000 Ash and Coal Waste compacted clay clay 
Vermilion 55 SI 43 8100000 Ash and Coal Waste none/natural soils no liner 
Victor J Daniel Jr 287 lf 49.20163084  Ash compacted clay clay 
Victor J Daniel Jr 288 si 20.03879417  Ash and Coal Waste composite clay/membrane composite 
W A Parish 189 lf 28.68322214  Ash compacted clay clay 
W H Weatherspoon 236 SI 26 1200000 Ash and Coal Waste none/natural soils no liner 
W S Lee 238 SI 41 1634000 Ash and Coal Waste none/natural soils no liner 
Wabash River 324 SI 120 14000000 Ash and Coal Waste none/natural soils no liner 
Walter C Beckjord 123 LF 14 1000000 Ash compacted ash no liner 
Walter C Beckjord 124 SI  2000000 Ash none/natural soils no liner 
Wansley 200 SI 330 18712850 Ash and Coal Waste none/natural soils no liner 
Wansley 201 SI 43  Ash none/natural soils no liner 
Warrick 181 SI 140 4500000 Ash and Coal Waste compacted clay clay 
Waukegan 54 LF 60 4000000 Ash and Coal Waste compacted clay clay 
Weston 241 LF 18 600000 Ash none/natural soils no liner 
Widows Creek 320 SI 110 3500000 Ash and Coal Waste none/natural soils no liner 


(continued)
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CCW WMU Data (continued) 


Plant 
Facility 


ID 
WMU 
Type 


Area 
(acres) 


Capacity 
(cubic yards) Waste Type Original Liner 


Liner 
Type 


Widows Creek 321 SI 222 12400000 Ash compacted clay clay 
Will County 277 SI 60 599256 Ash and Coal Waste compacted clay clay 
Wyodak 71 LF 68 3500000 Ash geosynthetic membrane composite 
Yates 197 SI 4.7 115000 Ash composite clay/membrane composite 
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Appendix C. Site Data 
 


The site characteristics used in this analysis were based on site-specific, regional, and 
national data sources to provide the environmental parameters necessary for modeling the fate 
and transport of coal combustion waste (CCW) constituents released in landfill or surface 
impoundment leachate. Site-specific data were collected for the area in the immediate vicinity of 
the waste management unit (WMU), and included the geographic relationship among important 
features such as the WMU boundary, residential well location, and streams and lakes. These data 
were collected at each of the 181 coal-fired power plants selected for the analysis. These 181 
locations across the continental United States are intended to represent the geographic 
distribution of onsite WMUs used for disposal of CCW and were used to capture national 
variability in meteorology, soils, climate, aquifers, and surface waterbodies at the disposal sites. 


C.1 Data Collection Methodology  


The CCW risk assessment employed a site-based data collection method. This method 
used the CCW plant locations from the Energy Information Administration (EIA) database to 
obtain data for each facility that were representative of the environment immediately surrounding 
the plant. Depending on the availability of information, data were collected on either a 
site-specific, regional, or national scale. Where appropriate, distributions were used in the Monte 
Carlo analysis to capture site-to-site and within-site variability in the parameters collected. 


Site-based data were collected using a geographic information system (GIS) that allowed 
(1) site-specific data to be assembled from the area immediately surrounding the facility and (2) 
the site to be assigned to a region to collect regional data. To account for locational uncertainty 
for the CCW WMUs1, a 5-km radius was used to define the data collection area for aquifer type 
and soil data. If multiple soil or aquifer types occurred within this radius, multiple types were 
sent to the model, weighted by the fraction of the collection area that they occupied. Surface 
waterbody type and stream flows also were collected for each site by identifying the nearest 
stream segment. 


Climate and water quality data were collected by assigning each site to a meteorological 
station and a U.S. Geological Survey (USGS) hydrologic region. The EPA STOrage and 
RETrieval (STORET) database was used as the source for water quality data, with parameters 
selected from distributions queried from this database for each region.  


Because the EIA locations were not exact for the WMUs being modeled, a national 
distribution of stream distances was developed by manually measuring the distance between the 
WMU and the waterbody at a random sample of the CCW sites. Similarly, a national distribution 
                                                 
1 The EIA latitudes and longitudes usually represent a facility centroid or front-gate location for each power plant. 


Because these facilities are often large, the WMUs are frequently located some distance from the plant itself and 
not at the EIA location. 
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was used to represent the distance of the nearest residential wells from the CCW WMUs being 
modeled.  


C.2 Receptor Location (National Data)  


The residential scenario for the CCW groundwater pathway analysis calculates exposure 
through use of well water as drinking water. During the Monte Carlo analysis, the receptor well 
is placed at a distance of up to 1 mile from the edge of the WMU, by sampling a nationwide 
distribution of nearest downgradient residential well distances taken from a survey of municipal 
solid waste landfills (U.S. EPA, 1988).  


EPA believes that this MSW well-distance distribution (presented in Table C-1) is 
protective for onsite CCW landfills and surface impoundments at coal-fired utility power plants, 
but recognizes that this is a significant uncertainty in this analysis. Because CCW plants tend to 
be in more isolated areas than MSW landfills and because CCW WMUs tend to be larger than 
municipal landfills, EPA believes that the MSW well distance distribution is a conservative 
representation of actual well distances at CCW disposal sites. However, data on residential well 
distances from CCW landfills or surface impoundments will be needed to verify this hypothesis.  


As discussed in Section 3.4.3, the groundwater model used in the CCW risk assessment 
places limits on the lateral direction from the plume centerline (i.e., angle off plume centerline) 
and depth below the water table to ensure that the well remains within the plume and at a depth 
appropriate for surficial aquifers across the United States. These limits are consistent with other 
recent national risk assessments conducted by EPA OSW and provide a protective approach to 
siting wells for this analysis. 


Table C-1. Distribution of Receptor Well Distance 


Percentile x-distance (m) 
Minimum 0.6 


10 104 
20 183 
30 305 
40  366 


50 (Median) 427 
60 610 
70 805 
80 914 
90 1,220 


Maximum 1,610 
Source: U.S. EPA (1988). 


 


C.2.1  Recreational Fisher and Ecological Risk Scenario (Distance to Waterbody) 


The recreational fisher scenario was used to estimate risks to recreational fishers and their 
children who live in the vicinity of the CCW landfills and surface impoundments and catch and 
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consume fish from a waterbody located adjacent to the buffer. The waterbody was assumed to be 
a stream or lake located downwind of the WMU, beginning where the buffer area ends (see 
Figure 2-4), and was also used as the reasonable worst case aquatic system for the ecological risk 
assessment. Waterbody characteristics were determined based on site-specific, regional, or 
national data (as described in Section C.6), except for stream length, which was determined by 
the width of the plume as it intersects the waterbody.  


The downgradient distance to the surface water body was determined from a national 
distribution developed by measuring this distance at 59 CCW landfill and surface impoundment 
sites randomly selected from the 204 WMUs modeled in this risk assessment. Table C-2 presents 
this distribution. Figure C-1 provides a map and aerial photo of one of the facilities used to 
develop this distribution. The development of this distribution is described in Section C.6.4. 


Table C-2. Distribution of Surface Water Distances  


Percentile Distance (m) 
Minimum 10 


0.03 10 
0.05 20 
0.07 20 
0.09 20 
0.10 20 
0.13 20 
0.15 30 
0.20 40 
0.25 50 
0.30 50 
0.35 60 
0.40 70 
0.45 100 


0.50 (Median) 120 
0.55 130 
0.60 150 
0.65 250 
0.70 400 
0.75 440 
0.80 500 
0.85 700 
0.87 775 
0.90 800 
0.91 1,000 
0.93 1,500 
0.95 2,125 
0.97 2,750 


Maximum 3,000 
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Figure C-1. Example CCW site used to develop waterbody distance distribution. 
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C.3 Soil Data 


The groundwater model used in the CCW risk assessment—EPA’s Composite Model for 
Leachate Migration with Transformation Products (EPACMTP)—requires soil properties for the 
entire soil column to model leachate transport through the vadose zone to groundwater. As with 
aquifer type, soil data were collected within a 5-km radius of each CCW plant. A GIS was used 
to identify soil map units within a 20-mile radius around each meteorological station. Database 
programs were then used to assemble and process soil texture, pH, and soil organic matter data 
for these map units from the State Soil Geographic (STATSGO) database. Both pH and soil 
organic matter were processed and indexed by the soil textures present within the 5-km radius. 
Soil properties are listed by texture for each of the 181 CCW plants in Attachment C-1. 


C.3.1 Data Sources  


The primary data source for soil properties was the STATSGO database. STATSGO is a 
repository of nationwide soil properties compiled primarily by the U.S. Department of 
Agriculture (USDA) from county soil survey data (USDA, 1994). STATSGO includes a 
1:250,000-scale GIS coverage that delineates soil map units and an associated database 
containing soil data for each STATSGO map unit. (Map units are areas used to spatially 
represent soils in the database.)  


In addition, two compilations of STATSGO data, each keyed to the STATSGO map unit 
GIS coverage, were used in the analysis as a convenient source of average soil properties: 


 USSOILS. The USSOILS data set (Schwarz and Alexander, 1995) averages STATSGO 
data over the entire soil column for each map unit.   


 CONUS. The Conterminous United States Multi-Layer Soil Characteristics (CONUS) 
data set (Miller and White, 1998) provides average STATSGO data by map unit and a set 
of 11 standardized soil layers.  


Soil organic matter and pH were derived directly from USSOILS and STATSGO data. A 
complete set of hydrological soil properties2 was not available from STATSGO. To ensure 
consistent and realistic values, EPACMTP relies on established, nationwide relationships 
between hydrologic properties and soil texture. Peer-reviewed publications by Carsel and Parrish 
(1988) and Carsel et al. (1988) provide a consistent set of correlated hydrologic properties for 
each soil texture. Soil texture data for the entire soil column were collected from the CONUS 
database. 


C.3.2 Methodology  


The soil data collection methodology begins with GIS programs (in Arc Macro Language 
[AML]). These programs overlay a 5-km radius around each CCW plant location on the 
STATSGO map unit coverage to determine the STATSGO map units and their area within the 
radius. These data are then passed to data processing programs that derive soil properties for 


                                                 
2 Hydrological soil properties required by EPACMTP include bulk density, saturated water content, saturated 


hydraulic conductivity, and the van Genuchten soil moisture retention parameters alpha and beta. 
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each site, either through direct calculations or by applying established relationships in lookup 
tables.  


EPACMTP utilizes three soil textures to represent variability in hydrologic soil properties 
and (along with climate data) to assign infiltration rates to each site. Because STATSGO soils 
are classified into the 12 U.S. Soil Conservation Service (SCS) soil textures, the crosswalk 
shown in Table C-3 was used to assign the SCS textures to the EPACMTP megatextures and to 
calculate the percentage of each megatexture within the 5-km data collection radius. These 
percentages were sampled for each site when preparing the source data file for each site.  


Both soil pH and soil organic matter were derived for each EPACMTP soil megatexture 
at a site. During source data file preparation, when a megatexture was picked for a particular 
iteration of a site, the corresponding pH and organic matter values were selected as well.  


Table C-3. EPACMTP Soil Texture Crosswalk 


STATSGO Texture EPACMTP Megatexture 
Sand 
Loamy sand 
Sandy loam 


Sandy loam 


Silt loam 
Silt 
Loam 
Sandy clay loam 
Clay loam 


Silt loam 


Silty clay loam 
Sandy clay 
Silty clay 
Clay 


Silty clay loam 


C.3.3 Results 


Attachment C-1 lists the STATSGO soil textures and EPACMTP megatexture 
assignments and percentages for each CCW disposal site. 


C.4 Hydrogeologic Environments (Aquifer Type)  


To assign aquifer properties used by EPACMTP, it was necessary to designate 
hydrogeologic environments (or aquifer types) for each of the locations modeled so that 
correlated, national aquifer property data could be used in the analysis. EPACMTP uses the 
Hydrogeologic Database (HGDB) developed by the American Petroleum Institute (API) (Newell 
et al., 1989; Newell et al., 1990) to specify correlated probability distributions, which are used to 
populate the following four hydrogeologic parameters during the Monte Carlo analysis: 


 Unsaturated zone thickness  


 Aquifer thickness 
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 Hydraulic gradient 


 Saturated hydraulic conductivity. 
 


The HGDB provides correlated data on these hydrogeologic parameters and an aquifer 
classification for approximately 400 hazardous waste sites nationwide, grouped according to 12 
hydrogeologic environments described in Newell et al. (1990). The EPACMTP User’s Guide 
(U.S. EPA, 1997) provides the empirical distributions of the four hydrogeologic parameters for 
each of the hydrogeologic environments.  


Average aquifer/vadose zone temperature was also required for the groundwater model 
and was obtained from a digitized map of groundwater temperatures for the continental United 
States from the Water Encyclopedia (van der Leeden et al., 1990).  


The hydrogeologic environment approach to assigning EPACMTP aquifer variables 
relies upon a hydrogeologic framework originally developed for an attempt by EPA to classify 
and score groundwater environments according to their potential to be polluted by pesticide 
application. Although this DRASTIC3 scoring system was not widely applied to determining 
groundwater vulnerability to pesticide pollution, the hydrogeologic framework established for 
the effort has proven very useful in categorizing geologic settings in terms of the aquifer 
characteristics needed for groundwater modeling. The major components of this modeling 
framework are Groundwater Regions, hydrogeologic settings, and hydrogeologic environments, 
as described below: 


 The fifteen Groundwater Regions, defined by Heath (1984), provide a regional 
framework that groups hydrogeologic features (i.e., nature and extent of dominant 
aquifers and their relationship to other geologic units) that influence groundwater 
occurrence and availability.  


 Hydrogeologic settings were developed within each Heath region by Aller et al. (1987)4 
to create mappable geological units that are at the proper scale to capture differences in 
aquifer conditions. Note that there may be the same or similar settings across different 
regions (e.g., the alluvial settings). Within each region, Aller et al. (1987) describe each 
setting with a written narrative and provide a block diagram to visualize the geology, 
geomorphology, and hydrogeology. 


 Hydrogeologic environments were developed by Newell et al. (1990) as the geologic 
framework for the API’s HGDB. To create the 12 environments, Newell et al. rolled up 
similar hydrologic settings across the Groundwater Regions to group settings with similar 
aquifer characteristics (hydraulic conductivity, gradient, thickness, and depth-to-water). 
Table C-4 shows the crosswalk between hydrologic environment and hydrogeologic 
setting, organized by Groundwater Region. 


 


                                                 
3 The DRASTIC scoring factors are Depth to water, net Recharge, Aquifer media, Soil media, Topography, Impact 


of the vadose zone media, and aquifer hydraulic Conductivity. 
4 Aller et al. (1987, p. 14) did not develop settings for Region 15 (Puerto Rico and the Virgin Islands) and 


reincorporated Region 12 (Alluvial Valleys) into each of the other regions as “river alluvium with overbank 
deposits” and “river alluvium without overbank deposits.” 
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Because EPACMTP utilizes the HGDB for national and regional analyses (using a 
regional site-based approach), it was necessary to assign the CCW sites to a hydrogeologic 
environment so that the correct HGDB data set will be used for modeling each site. The data 
sources and methodology used to make these assignments are described below. 


C.4.1 Data Sources 


Data sources used to make hydrogeologic assignments for the sites include: 
 


 A USGS inventory of state groundwater resources (Heath, 1985)  


 GIS coverages from Digital Data Sets Describing Principal Aquifers, Surficial Geology, 
and Ground-Water Regions of the Conterminous United States (Clawges and Price, 
1999a-d) 


 GIS coverages of principal aquifers from the USGS Groundwater Atlas (Miller, 1998) 


 STATSGO soil texture data (described in Section C.3.2). 


These coverages were used in a GIS overlay process to determine the principal aquifers, 
surficial geologic units, groundwater region, productive aquifers, and general hydrogeologic 
settings for a 5-km radius around each CCW facility location. Attributes for each of these items 
were passed to a database for use in assigning hydrogeologic environments. 


C.4.2 Assignment Methodology 


For each CCW site, hydrogeologic environments were assigned by a professional 
geologist as follows: 


 Determine Heath Groundwater Region (for the Alluvial Valleys region, determine the 
region in which the alluvial valley is located) 


 Assign hydrogeologic setting using state geological descriptions from Heath (1985); 
aquifer, soil, and surficial geology information obtained using GIS; and narratives and 
block diagrams from Aller et al. (1987) 


 Using the look-up table from Newell et al. (1990), determine hydrogeologic environment 
from hydrogeologic setting. 


In general, the surficial geology coverage had better resolution than the aquifer coverages and 
was used to develop setting percentages for the 5-km radius. In most cases, there were two 
settings per site. In cases where a single setting accounted for over 80 percent of the 5-km area, a 
single setting was assigned. 


Because Newell et al. (1990) define two alluvial environments (6, River alluvium with 
overbank deposits, and 7, River alluvium without overbank deposits), it was necessary to 
determine which environment an alluvial site fell into. The survey soil layer information was 
used to distinguish between these two settings by determining whether there were significant 
fine-grained overbank deposits in the soil column. 
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Quality assurance/quality control (QA/QC) measures included independent review of the 
assignments by other geologists with expertise in assigning settings. 


C.4.3 Data Processing 


HGDB hydrogeologic environment fractions (i.e., the portion of the region assigned to 
each of the 12 hydrogeological environments) were defined and used in the CCW risk 
assessment as follows. If the 5-km radius around a site contained only one HGDB environment, 
the fraction assigned was 1.0 and all groundwater model runs for this location were associated 
with that hydrological environment. If more than one HGDB environment was present, each 
environment was assigned a fraction based on the areal percentages of each setting within the 
5-km radius.  


These fractions were used to generate the hydrogeologic environment for that location for 
each iteration of the Monte Carlo groundwater modeling analysis. For example, if two 
hydrogeologic environments were assigned to a CCW site with a fraction of 0.5, half of the 
realizations would be modeled with the first hydrogeologic environment and half with the 
second. 


Once the hydrogeologic environments were assigned, a preprocessing run of EPACMTP 
was conducted to construct a set of randomly generated but correlated hydrogeologic parameter 
values for each occurrence of the hydrogeologic environments in the source data files. Missing 
values in the HGDB data set were filled using correlations, as described in U.S. EPA (1997).  


C.4.4 Results 


Attachment C-2 lists the hydrogeologic environment assignments for each CCW disposal 
site. Table C-4 summarizes these results showing the crosswalk between Groundwater Regions, 
hydrogeologic settings, and hydrogeologic environments used to make the assignments, along 
with the number of CCW sites for each setting. Table C-5 totals the number of CCW disposal 
sites for each hydrogeologic environment sent to EPACMTP. 


Table C-4. Groundwater Regions, Hydrogeologic Settings, and  
Hydrogeologic Environments: CCW Disposal Sites  


Hydrogeologic Setting 
Hydrogeologic 
Environment 


Number of 
CCW Sites 


Alluvial Basins 
2C Alluvial Fans 5 1 
2E Playa Lakes 5 1 
2Ha River Alluvium With Overbank Deposits 6 1 
Colorado Plateau and Wyoming Basin 
4B Consolidated Sedimentary Rock 2 7 
4C River Alluvium 7 3 
High Plains 
5Gb River Alluvium Without Overbank Deposits 7 1 


(continued) 
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Table C-4. (continued) 


Hydrogeologic Setting 
Hydrogeologic 
Environment 


Number of 
CCW Sites 


Nonglaciated Central Region 
6Da Alternating Sandstone, Limestone, and Shale – Thin Soil 2 22 
6Db Alternating Sandstone, Limestone, and Shale – Deep Regolith 2 6 
6E Solution Limestone 12 9 
6Fa River Alluvium With Overbank Deposits 6 37 
6Fb River Alluvium Without Overbank Deposits 7 4 
6H Triassic Basins 2 4 
Glaciated Central Region 
7Aa Glacial Till Over Bedded Sedimentary Rock 3 12 
7Ac Glacial Till Over Solution Limestone 12 6 
7Ba Outwash 8 1 
7Bb Outwash Over Bedded Sedimentary Rock 2 3 
7Bc Outwash Over Solution Limestone 12 2 
7D Buried Valley 4 11 
7Ea River Alluvium With Overbank Deposits 6 24 
7Eb River Alluvium Without Overbank Deposits 7 6 
7F Glacial Lake Deposits 4 3 
7G Thin Till Over Bedded Sedimentary Rock 3 5 
7H Beaches, Beach Ridges, and Sand Dunes 11 1 
Piedmont and Blue Ridge 
8B Alluvial Mountain Valleys 5 1 
8C Mountain Flanks 2 2 
8D Regolith 1 13 
8E River Alluvium 6 6 
Northeast and Superior Uplands 
9E Outwash 8 3 
9F Moraine 4 1 
9Ga River Alluvium With Overbank Deposits 6 1 
Atlantic and Gulf Coastal Plain 
10Aa Regional Aquifers 4 1 
10Ab Unconsolidated/Semiconsolidated Shallow Surficial Aquifers 10 20 
10Ba River Alluvium With Overbank Deposits 6 7 
10Bb River Alluvium Without Overbank Deposits 7 6 
Southeast Coastal Plain 
11A Solution Limestone and Shallow Surficial Aquifers 12 3 
11B Coastal Deposits 4 1 
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Table C-5. Hydrogeologic Environments for CCW Disposal Sites  


Hydrogeologic Environment Number of CCW Sites 
1 Metamorphic and Igneous 13 
2 Bedded Sedimentary Rock 44 
3 Till Over Sedimentary Rock 17 
4 Sand and Gravel 17 
5 Alluvial Basins Valleys and Fans 3 
6 River Valleys and Floodplains With Overbank Deposit 76 
7 River Valleys and Floodplains Without Overbank Deposits 20 
8 Outwash 4 
9 Till and Till Over Outwash 0 


10 Unconsolidated and Semiconsolidated Shallow Aquifers 20 
11 Coastal Beaches 1 
12 Solution Limestone 20 


 


C.5 Climate Data 


The CCW risk assessment selected EPACMTP meteorological (or climate) stations for 
each CCW disposal site to collect the climatic data necessary for fate and transport modeling. 
For each station, the following data were compiled: 
 


 Mean annual windspeed 


 Mean annual air temperature 


 Mean annual precipitation. 


With respect to precipitation, EPACMTP uses the climate station, along with soil texture, to 
select the HELP- (Hydrologic Evaluation of Landfill Performance-) modeled infiltration rates to 
use in the landfill source model and recharge rates to use in EPACMTP (see Section 3.2.2). The 
surface water model uses mean annual windspeed and average air temperature to estimate 
volatilization losses from the surface waterbodies modeled in the analysis. 


To assign the EPACMTP climate centers to each CCW site, a GIS was used to determine 
the three meteorological stations closest to the plant. These assignments were passed to a 
meteorologist, who reviewed the closest stations against plots of the CCW sites and the climate 
centers on a downloadable map (http://www.nationalatlas.gov/prismmt.html) of annual average 
precipitation rates for the period from 1961 to 1990 across the contiguous United States. 
(Figure C-2). The meteorologist compared the 5-year average precipitation range for each 
EPACMTP climate center to precipitation ranges for each plant from the map. In most cases, the 
precipitation rate for the nearest climate center fell within the site’s expected precipitation range, 
and the nearest climate center was assigned in those cases. In some cases, the precipitation rates 
from the nearest climate center did not fall within the site’s expected range. When this occurred, 
the second or third closest climate center was examined and matched based on: 
 


 A 5-year precipitation average within or close to the site’s predicted precipitation range 
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Figure C-2. EPACMTP climate centers, precipitation ranges, and CCW disposal sites. 


 Confirmation of a site’s average annual rainfall on http://www.weather.com and van der 
Leeden et al. (1990) 


 Geographic similarities between plant and climate center locations 


 Best professional judgment. 


In a few cases, the three closest climate centers did not reflect the average precipitation 
rates for a plant’s location. In these cases, other nearby stations were examined and the plant was 
assigned to the closest climate center with similar geography and average precipitation rates. 
Each assignment was independently checked for accuracy. Attachment C-3 lists the climate 
center assigned to each CCW disposal site, along with notes for plants not assigned to the nearest 
center. Table C-6 lists all the climate centers used in the CCW risk assessment along with the 
number of CCW sites assigned to each station.  
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Table C-6. EPACMTP Climate Centers Assigned to CCW Disposal Sites  


Climate Center State 
Number of 
CCW Sites 


4 Grand Junction CO 2 
6 Glasgow MT 1 
7 Bismarck ND 5 


10 Cheyenne WY 2 
11 Lander WY 1 
13 Sacramento CA 1 
16 Ely NV 1 
17 Rapid City SD 2 
18 Cedar City UT 1 
19 Albuquerque NM 1 
20 Las Vegas NV 3 
21 Phoenix AZ 1 
26 Salt Lake City UT 1 
29 Dodge City KS 1 
31 St. Cloud MN 3 
32 East Lansing MI 3 
33 North Omaha NE 7 
34 Tulsa OK 2 
37 Oklahoma City OK 1 
39 Pittsburgh PA 12 
42 Chicago IL 8 
48 Sault Ste. Marie MI 1 
49 Put-in-Bay OH 3 
50 Madison WI 9 
51 Columbus OH 2 
53 Des Moines IA 2 
54 East St. Louis IL 8 
55 Columbia MO 1 
56 Topeka KS 3 
58 San Antonio TX 4 
66 Ithaca NY 1 
69 Lynchburg VA 2 
71 Philadelphia PA 2 
72 Seabrook NJ 5 
73 Indianapolis IN 12 
74 Cincinnati OH 11 
75 Bridgeport CT 1 
76 Orlando FL 2 
77 Greensboro NC 11 


(continued) 
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Table C-6. (continued) 


Climate Center State 
Number of 
CCW Sites 


78 Jacksonville FL 1 
79 Watkinsville GA 4 
80 Norfolk VA 2 
81 Shreveport LA 4 
85 Knoxville TN 4 
87 Lexington KY 3 
89 Nashville TN 4 
90 Little Rock AR 1 
91 Tallahassee FL 4 
93 Charleston SC 4 
95 Atlanta GA 9 
96 Lake Charles LA 2 


  


C.6  Surface Water Data  


The surface water model used in the CCW risk assessment requires information on 
surface waterbody type (river or lake), flow conditions, dimensions, and water quality. In 
addition, the groundwater model requires the distance between the waterbody and the WMU 
being modeled. Surface waterbody data were collected on a site-based, regional, or national basis 
depending on the variable and data availability. Collection methods are described below by data 
source.  Attachment C-4 provides a summary of waterbody assignments, waterbody types, and 
flow conditions.   


C.6.1 Waterbody Type, Stream Flow Conditions, and Dimensions  


Waterbody type and flow parameters were obtained by matching the CCW plants to 
stream segments in the Reach File Version 1.0 (RF1) database (U.S. EPA, 1990). Stream flow 
estimates for all RF1 flowing reaches were estimated in the early 1980s. Statistics developed for 
each flowing reach are mean annual flow, low flow (approximately 7Q105), and mean monthly 
flow. RF1 also contains velocities corresponding to mean annual and low flow, estimated from a 
compendium of time-of-travel studies. For streams and rivers, the CCW risk assessment used the 
low flow statistic and the corresponding flow velocity, along with a waterbody type also 
included in the RF1 database. All RF1 data are indexed by USGS cataloging unit and stream 
segment (CUSEG). 


To assign the CCW plants to the nearest downgradient reach (i.e., the nearest waterbody 
in the direction of groundwater flow), a GIS was used to identify the closest RF1 stream segment 
to each CCW plant location. Because of several uncertainties in the nearest reach approach (i.e., 
inaccurate WMU location, unknown direction of groundwater flow, and limited lake coverages), 
the CCW plants also were matched to standard industrial classification (SIC) code 4911 facilities 


                                                 
5 The minimum 7-day average flow expected to occur within a 10-year return period (i.e., at least once in 10 years). 
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in EPA’s Permit Compliance System (PCS) database (http://www.epa.gov/enviro/html/pcs/ 
index.html), to obtain the PCS information (e.g., name, CUSEG) on the receiving waterbody for 
the plants’ National Pollutant Discharge Elimination System (NPDES) discharge point(s). When 
the two sources matched, the reach was selected for modeling. When they differed, the PCS data 
were used, because it was judged more likely that the NPDES receiving waterbody would also be 
receiving loads from the WMU through the groundwater-to-surface-water pathway. CCW plants 
that could not be matched to the PCS database were simply assigned the nearest RF1 waterbody.  


The next step in the assignment process was to review the waterbody names (especially 
those from PCS) to identify lakes and reservoirs. Finally, visual review, using aerial photos and 
topographic maps from the Terraserver Web site (http://terraserver.usa.com), was used to check 
all low-flow streams and RF1 reaches whose identity was not clear. Attachment C-4 provides the 
RF1 stream assignments, flows, and waterbody types for the CCW disposal sites. 


With respect to waterbody type, the RF1 data include several types of waterbodies, 
including streams and rivers, and types with zero flows such as lakes, Great Lakes, wide rivers, 
and coastline features. Each of these waterbody types needed to be designated as a river or a lake 
for the simple waterbody model used in the full-scale CCW risk assessment. Because only the 
streams and rivers have flow data in RF1 (i.e., are flowing reaches), all other types were assigned 
to the lake modeling category. Modeling these features as a simple model lake is a considerable 
uncertainty in the CCW risk assessment and risk results for these waterbodies should be regarded 
as preliminary until a more sophisticated surface water model can be parameterized for these 
special cases. Table C-7 lists the RF1 waterbody types for the waterbodies assigned to the CCW 
disposal sites, along with the number of CCW plants assigned to each type and the crosswalk to 
the river (R) or lake (L) waterbody type used in this risk assessment. 


Table C-7. RF1 Reach Types Assigned to CCW Disposal Sites  


RF1 
Code RF1Name Description 


Reach
Model 
Typea 


Number 
of CCW 
Plants 


Flowing Reaches 
M Artificial Open 


Water Reach  
An artificial reach within any open water, other than a lake 
or reservoir, to provide connection between input and 
output reaches of the open water.  


R 1 


R Regular Reach  A reach that has upstream and downstream reaches 
connected to it and that is not classified as another type of 
reach.  


R 106 


S Start Reach  A headwater reach that has no reaches above it and either 
one or two transport reaches connected to its downstream 
end.  


R 16 


T Terminal Reach  A reach downstream of which there is no other reach (for 
example, a reach that terminates into an ocean, a land-
locked lake, or the ground). This type of reach has either 
one or two reaches connected to its upstream end. 


R 
 
 
 


2 


(continued) 
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Table C-7. (continued) 


RF1 
Code RF1Name Description 


Reach
Model 
Typea 


Number 
of CCW 
Plants 


Reaches with Zero RF1 Flow 
C Coastal/Continental 


Shoreline Segment  
A reach that represents a segment of a shoreline of a gulf, 
sea, or ocean.  


L 3 


G Great Lakes 
Shoreline Segment  


A reach that represents a segment of a shoreline of the 
Great Lakes.  


L 12 


L Lake Shoreline 
Segment  


A segment that follows the shoreline of a lake other than 
one of the Great Lakes.  


L 36 


W 
 


Wide-River 
Shoreline Segment  


A reach that represents a segment of the left or right bank 
of a stream.  


L 5 


a R = river; L = lake. 
 


Stream dimensions were calculated from the flow data as follows. First, the length of the 
modeled stream segment was set to be the width of the groundwater plume as it enters the 
waterbody. Stream width was then determined from flow (Q) using a liner regression equation 
derived from empirical data by Kocher and Sartor (1997): 


 0.45595.1867QWidth =  (C-1) 


Water column depth (dwc) was derived from width, velocity (V), and flow using the continuity 
equation: 


 
Widthv
Qdwc


×
=  (C-2) 


C.6.2. Lake Flow Conditions and Dimensions 


Areas and depths for many of the lakes assigned to the CCW plant sites were not readily 
available from RF1, Reach File Version 3 (RF3), the National Hydrography Dataset (NHD), or 
other sources. In addition, many plants are located on very large waterbodies (e.g., the Great 
Lakes, wide rivers, or coastlines) where applying the simple steady-state, single-compartment 
model used in this analysis to the entire lake would not be appropriate. For these reasons, a 
model lake approach was used to represent all lakes and other nonflowing waterbodies assigned 
to the CCW disposal site.  


The model lake chosen was Shipman City Lake in Illinois, a well-characterized 13-acre 
lake that EPA has chosen as the index reservoir for modeling drinking water exposures to 
pesticides (Jones et al., 1998). The parameter values shown in Table C-8 for Shipman City Lake 
were used to model all lakes in this initial analysis. Given that many of the lakes assigned to 
CCW plants are much larger than 13 acres, this will produce conservative risk results. However, 
given that many of the plants are located on very large waterbodies, this necessary simplification 
is one of the largest uncertainties in defining the environmental settings for the CCW risk 
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assessment. Options can be developed to more accurately parameterize and model such large 
nonflowing waterbodies. 


Table C-8. Model Lake Used in CCW Risk Assessment  


Parameter Value 
Area a 13 acres 
Water column depth (dwc)a 9 feet 
Hydraulic residence time (HRT) Random, triangular distribution: 


Minimum = 1 month 
Mean = 6 months 
Maximum = 24 months 


Annual flow mixing volume = (Area × dwc) / HRT 
a Source: Shipman City Lake, IL (Jones et al., 1998). 


 


C.6.3 Water Quality Data 


Surface water temperature, total suspended solids (TSS), and pH data were collected by 
USGS hydrologic region from the STORET database. EPA’s STORET system is the largest 
single source of water quality data in the country. The Legacy STORET database contains over 
275 million analyses performed on more than 45 million samples collected from 800,000 stations 
across the United States for the period 1960 through 1998. STORET can be accessed from the 
Web at http://www.epa.gov/OWOW/STORET. 


STORET water quality data are notoriously “noisy” because they are influenced by 
hydrology, point sources, nonpoint sources, stream/lake morphology, and varying data quality. 
The following issues in using STORET data must be considered before using the data: 


 Not all of the data have undergone rigorous QA/QC. 


 STORET site locations can be biased, especially to known “problem” waters. 


 The sample times are often at critical periods, such as summer low flows. 


Statistical analysis techniques were employed taking into account the above issues 
(including coordination with gage statistical analysis and Reach Files, the use of median values 
to avoid bias in central tendency estimates, and specification of a minimum number of 
measurements to estimate median values). As a result of these techniques, which can be thought 
of as extracting the underlying “signal” of water quality from the inherent “noise” of water 
quality data, the above issues were manageable. 


Surface water temperature data were collected as median values for each hydrologic 
region. These data are shown in Table C-9 along with the number of the modeled CCW plants in 
each region.  
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Table C-9. Regional Surface Water Temperatures:  
CCW Disposal Sites 


Hydrologic 
Region 


Surface Water 
Temperature (EC) 


Number of CCW 
Plants 


2 16 12 
3 21 37 
4 14 14 
5 17 43 
6 18 6 
7 15 20 
8 20 2 
9 10 1 


10 13 20 
11 17 8 
12 21 6 
14 9 5 
15 17 4 
16 9 1 
18 15 2 


Data source: Legacy STORET database. 
 


Total suspended solids data were collected separately for streams/rivers and lakes 
because lakes tend to have lower TSS levels. Annual median values were used to develop 
statistics. For rivers, the minimum, maximum, and geometric mean values were used to define 
log triangular distributions for each hydrologic region (Table C-10); these distributions were then 
sampled during the preparation of the source data files. (The geometric means were weighted by 
the annual number of measurements.) For lakes, data were limited and national statistics were 
developed, with the geometric mean of the median values being weighted by the number of 
measurements per year and the number of annual values in each region.  


Table C-10. Surface Water Total Suspended Solids (TSS) Distributions 


Annual Median TSS 
(log triangular distribution) 


Hydrologic 
Region 


Number 
of CCW 
Plants 


No. of 
Measure-


ments 


No. of 
Annual 
Medians Minimum Maximum 


Weighted 
Geometric 


Mean 
Geometric 


Mean 


1 0 9,007 33 3.2 40 8.0 6.0 
2 12 47,202 38 10 316 32 40 
3 37 43,395 36 6.3 79 25 25 
4 14 29,577 37 6.3 794 25 25 
5 43 39,900 38 4.0 100 25 25 
6 6 4,137 28 5.0 316 16 20 


(continued)
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Table C-10. (continued) 
Annual Median TSS 


(log triangular distribution) 


Hydrologic 
Region 


Number 
of CCW 
Plants 


No. of 
Measure-


ments 


No. of 
Annual 
Medians Minimum Maximum 


Weighted 
Geometric 


Mean 
Geometric 


Mean 


7 20 34,494 37 32 1,585 63 100 
8 2 46,231 38 50 316 158 126 
9 1 3,254 35 13 3,162 32 63 


10 20 62,791 38 10 398 126 126 
11 8 48,969 38 25 794 200 126 
12 6 7,280 35 40 1,995 79 126 
13 0 13,974 37 32 79,433 200 398 
14 5 26,699 38 16 5,012 158 251 
15 4 9,162 37 20 19,953 200 398 
16 1 19,965 33 4 2,512 16 25 
17 0 173,136 37 2 316 6.0 10 
18 2 42,022 37 13 398 63 50 


Lakes 
(national) 


56 4,360 99 1 398 25 25 


Data source: Legacy STORET database. 
 


For surface water pH, the minimum, maximum, and weighted average annual median 
values were used to specify triangular distributions for each hydrologic region. Table C-11 
provides these regional statistics, which were applied to both rivers and lakes. 


To prepare the water quality data for the source datafile, the 181 CCW disposal sites were 
assigned to a hydrogeologic region using a GIS. For each region, 10,000-record TSS and pH data 
sets were created by sampling the distributions shown in Tables C-10 and C-11. During source 
data file preparation, TSS data were pulled from the appropriate regional data set sequentially for 
each iteration at a site.  


Table C-11. Regional Surface Water pH Distributions 


Annual Median pH 
(triangular distribution) 


Hydrologic 
Region 


Number of 
CCW 
Plants 


No. of 
Measurements


No. of Annual 
Median 
Values Minimum Maximum


Weighted 
Average 


Average 
Median pH


1 0 232,025 38 5.9 7.7 6.5 6.8 
2 12 447,166 39 7.2 7.6 7.4 7.4 
3 37 1,595,237 39 6.3 7.2 7.0 7.0 
4 14 335,261 39 7.6 8.2 8.1 8.0 
5 43 684,235 41 3.5 7.5 7.2 7.1 
6 6 382,915 39 6.3 7.7 7.2 7.4 


(continued)
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Table C-11. (continued) 
Annual Median pH 


(triangular distribution) 
Hydrologic 


Region 


Number of 
CCW 
Plants 


No. of 
Measurements


No. of Annual 
Median 
Values Minimum Maximum


Weighted 
Average 


Average 
Median pH


7 20 234,589 39 7.6 8.1 7.9 7.8 
8 2 171,643 39 6.9 7.8 7.1 7.2 
9 1 23,038 38 7.5 8.4 7.9 7.9 


10 20 269,570 39 7.6 8.2 8.0 8.0 
11 8 311,768 39 7.4 8.1 7.8 7.8 
12 6 178,990 39 7.0 7.9 7.8 7.6 
13 0 35,355 39 7.0 8.1 8.0 7.9 
14 5 77,041 39 7.9 8.3 8.1 8.1 
15 4 75,145 38 7.7 8.3 8.0 8.0 
16 1 68,581 38 7.5 8.3 8.0 8.0 
17 0 293,909 39 6.9 8.0 7.5 7.4 
18 2 182,049 38 7.4 8.6 7.8 7.8 


Data source: Legacy STORET database. 
 


C.6.4 Distance to Surface Water 


Because the CCW plant locations were not accurate in terms of locating the WMUs, a 
national empirical distribution of distances between the WMU and the nearest downgradient 
surface waterbodies (discussed in Appendix C, Section C.2.1) was developed using manual 
measurements on online maps and aerial photographs for a random selection of 30 CCW 
landfills and 29 CCW surface impoundments. Scaled USGS maps and aerial photographs were 
obtained from the Terraserver Web site (http://terraserver.usa.com/geographic.aspx) by entering 
each plant’s longitude and latitude. Labels on the maps, features on the photographs, and best 
professional judgment were used to identify the power plant and the surface impoundment or 
landfill in question, along with the nearest downgradient waterbody.  


The nearest waterbody matching one of the following descriptions was used in the 
analysis: 


 Lakes or rivers beyond the facility boundary 


 Streams originating in or passing through the facility boundary and then coursing 
downstream beyond the property boundary 


 Streams with an order of 3 or greater (i.e., fishable waterbodies).  


Stream order was determined by tracing the convergence of tributaries with order 1 assigned to 
the furthest upstream segment indicated on the map (both ephemeral and perennial streams were 
assigned as order 1). Topography on the map was used to determine if the waterbody was 
downgradient of the plant. Many CCW WMUs in the sample were located on a large waterbody.  
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Once the waterbody was identified, the scale provided on the maps and photos was used 
to measure the horizontal distance between the CCW impoundment or landfill and the 
waterbody. All assignments and measurements were independently checked for accuracy. 


 The two distributions (landfills and surface impoundments) were statistically compared 
using (1) a Wilcoxon Rank Sum Test (to determine whether one distribution is shifted to the 
right or left of the other distribution) and (2) a Quantile Test (to test for differences, that is, 
differing numbers of observations) between the two distributions for the values above a given 
percentile. The results of the Wilcoxon test showed a p value of 0.64, indicating no significant 
difference in the shape of the distributions. The Quantile Test evaluated every decile from 0.1 to 
0.9, with adjustments to the lower percentiles to be estimated for large numbers of ties in the 
ranks for the lower end of the data. The nonsignificant p values ranged from 0.33 (for 90th 
percentile) to 0.17 (for the 40th percentile). One significant p value indicating differences 
between the two distributions occurred at the 17th percentile (p value = 0.066), but the remainder 
of the tests showed no significant differences. Based on these results, the distributions were 
judged to be similar and combined to produce the single distribution of 59 values used to 
produce a single empirical distribution (previously shown in Table C-2) that was applied 
nationally to both landfills and surface impoundments at the CCW sites.  
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Attachment C-1: Soil Data 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
A B Brown 43.9 SCL 6.0 1.2 
A B Brown 51.1 SLT 6.5 1.6 
A B Brown 5.0 SNL 6.9 1.4 
A/C Power- Ace Operations 8.9 SCL 8.9 0.21 
A/C Power- Ace Operations 32.0 SLT 8.4 0.46 
A/C Power- Ace Operations 59.1 SNL 8.0 0.46 
Allen 48.9 SCL 7.1 0.98 
Allen 19.2 SLT 6.2 1.1 
Allen 32.0 SNL 7.1 1.1 
Alma 18.9 SCL 6.6 1.7 
Alma 59.4 SLT 6.5 3.4 
Alma 21.7 SNL 5.6 0.69 
Antelope Valley 8.4 SCL 7.6 3.2 
Antelope Valley 68.5 SLT 7.6 1.7 
Antelope Valley 23.1 SNL 7.8 2.4 
Arkwright 50.7 SCL 5.4 0.5 
Arkwright 24.7 SLT 5.6 0.88 
Arkwright 24.5 SNL 5.4 0.64 
Asheville 6.3 SCL 5.4 0.43 
Asheville 77.8 SLT 5.2 0.99 
Asheville 15.8 SNL 5.4 1 
Baldwin 39.5 SCL 6.2 1.3 
Baldwin 58.6 SLT 6.0 1.6 
Baldwin 1.9 SNL 6.5 1.4 
Barry 35.8 SCL 4.8 3.6 
Barry 23.5 SLT 4.8 7 
Barry 40.7 SNL 4.8 4.4 
Bay Front 11.7 SCL 7.3 4 
Bay Front 21.1 SLT 7.1 3.8 
Bay Front 67.2 SNL 7.1 1.4 
Bay Shore 90.8 SCL 7.1 4.1 
Bay Shore 4.3 SLT 7.2 2.6 
Bay Shore 4.9 SNL 7.7 9.3 
Belews Creek 69.2 SCL 5.2 0.34 
Belews Creek 14.0 SLT 5.4 1 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Belews Creek 16.8 SNL 5.2 0.4 
Ben French 25.3 SCL 8.0 0.87 
Ben French 59.7 SLT 7.7 1.8 
Ben French 15.0 SNL 7.1 1.7 
Big Cajun 2 66.4 SCL 7.1 1.1 
Big Cajun 2 28.4 SLT 6.3 1.2 
Big Cajun 2 5.2 SNL 6.0 1.3 
Big Sandy 54.8 SCL 5.4 1.6 
Big Sandy 41.5 SLT 5.3 1.9 
Big Sandy 3.7 SNL 5.1 2.6 
Big Stone 7.3 SCL 7.5 5.7 
Big Stone 45.0 SLT 7.7 3.1 
Big Stone 47.7 SNL 7.5 1.1 
Black Dog Steam Plant 8.2 SCL 6.9 4.2 
Black Dog Steam Plant 41.4 SLT 6.8 2.5 
Black Dog Steam Plant 50.4 SNL 6.9 1.8 
Blue Valley 63.8 SCL 6.3 1.5 
Blue Valley 31.6 SLT 6.6 2.8 
Blue Valley 4.6 SNL 6.5 1.1 
Bowen 18.1 SCL 5.0 1.2 
Bowen 81.9 SLT 5.0 0.74 
Brandon Shores 18.2 SCL 4.5 0.47 
Brandon Shores 16.8 SLT 4.6 3.4 
Brandon Shores 64.9 SNL 4.8 0.88 
Buck 79.1 SCL 5.4 0.39 
Buck 18.9 SLT 5.6 1 
Buck 2.0 SNL 5.3 0.6 
Bull Run 76.7 SCL 5.2 0.92 
Bull Run 18.2 SLT 5.6 1.7 
Bull Run 5.1 SNL 5.0 0.67 
C D McIntosh Jr 6.5 SCL 8.1 2.3 
C D McIntosh Jr 93.5 SNL 5.5 1.8 
C P Crane 34.1 SCL 4.8 0.52 
C P Crane 34.3 SLT 4.7 1 
C P Crane 31.6 SNL 4.9 1.1 
Cape Fear 67.6 SCL 5.1 0.97 
Cape Fear 24.7 SLT 5.4 1.5 
Cape Fear 7.7 SNL 5.2 0.66 
Carbon 0.4 SCL 6.3 7.4 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Carbon 95.8 SLT 7.8 3.4 
Carbon 3.8 SNL 8.2 1.4 
Cardinal 69.1 SCL 5.8 1 
Cardinal 30.4 SLT 5.7 1.7 
Cardinal 0.5 SNL 6.4 2 
Cayuga 32.3 SCL 6.6 1.9 
Cayuga 48.7 SLT 7.1 1.4 
Cayuga 19.0 SNL 6.8 1.1 
Chalk Point 6.9 SCL 4.6 0.58 
Chalk Point 16.4 SLT 4.8 8.8 
Chalk Point 76.7 SNL 4.6 1.1 
Cholla 27.3 SCL 8.4 1.9 
Cholla 61.0 SLT 8.1 0.62 
Cholla 11.6 SNL 8.3 0.75 
Cliffside 66.4 SCL 5.2 0.31 
Cliffside 13.6 SLT 5.5 0.77 
Cliffside 20.0 SNL 5.2 0.27 
Clover 71.0 SCL 5.3 0.71 
Clover 23.3 SLT 5.3 1.3 
Clover 5.7 SNL 5.1 0.65 
Coal Creek 6.1 SCL 6.8 3 
Coal Creek 82.7 SLT 7.6 1.7 
Coal Creek 11.2 SNL 8.2 2.8 
Coleto Creek 12.1 SCL 7.0 1.1 
Coleto Creek 86.0 SLT 7.4 0.78 
Coleto Creek 1.8 SNL 6.2 0.75 
Colstrip 9.0 SCL 8.0 0.79 
Colstrip 63.0 SLT 8.2 0.73 
Colstrip 27.9 SNL 8.3 0.54 
Conemaugh 11.8 SCL 5.0 2.7 
Conemaugh 81.4 SLT 4.8 1.3 
Conemaugh 6.8 SNL 4.5 1.8 
Conesville 44.0 SCL 5.4 2.2 
Conesville 45.5 SLT 5.6 1.9 
Conesville 10.5 SNL 5.0 2.2 
Council Bluffs 43.3 SCL 7.5 1.5 
Council Bluffs 47.2 SLT 7.6 1.2 
Council Bluffs 9.6 SNL 7.7 0.74 
Crawford 48.4 SCL 6.8 1.9 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Crawford 23.6 SLT 6.7 1.4 
Crawford 28.0 SNL 6.7 0.82 
Crist 18.8 SCL 5.4 4.5 
Crist 32.3 SLT 5.3 1.1 
Crist 48.8 SNL 5.4 3.3 
Cross 3.0 SCL 5.0 1.3 
Cross 46.0 SLT 4.6 0.58 
Cross 51.0 SNL 4.9 1.2 
Cumberland 61.1 SCL 5.3 1.6 
Cumberland 34.2 SLT 5.7 0.98 
Cumberland 4.8 SNL 5.2 1.3 
Dale 91.7 SCL 6.4 1.9 
Dale 8.2 SLT 6.4 2 
Dale 0.1 SNL 6.7 1.3 
Dallman 66.2 SCL 6.4 1.8 
Dallman 33.3 SLT 6.7 1.2 
Dallman 0.5 SNL 7.0 1.1 
Dan E Karn 0.01 SCL 7.0 3 
Dan E Karn 53.6 SLT 7.9 4.2 
Dan E Karn 46.3 SNL 7.8 5.4 
Dan River 73.3 SCL 5.0 0.39 
Dan River 12.0 SLT 5.3 1.4 
Dan River 14.7 SNL 5.1 0.6 
Danskammer 89.8 SLT 5.8 2.9 
Danskammer 10.2 SNL 6.9 2.8 
Dave Johnston 2.2 SCL 8.9 0.96 
Dave Johnston 36.6 SLT 8.2 1.2 
Dave Johnston 61.2 SNL 8.2 1.1 
Dickerson 6.1 SCL 5.1 0.52 
Dickerson 93.9 SLT 5.2 0.68 
Dolet Hills 65.7 SCL 4.8 0.97 
Dolet Hills 21.6 SLT 5.0 0.77 
Dolet Hills 12.7 SNL 5.1 1.1 
Duck Creek 65.5 SCL 6.4 0.82 
Duck Creek 33.6 SLT 6.5 0.6 
Duck Creek 0.9 SNL 7.0 0.98 
Dunkirk 8.8 SCL 7.3 5.4 
Dunkirk 79.6 SLT 6.9 4.6 
Dunkirk 11.6 SNL 6.5 2.7 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
E D Edwards 49.5 SCL 6.4 1.1 
E D Edwards 29.8 SLT 6.3 1.2 
E D Edwards 20.6 SNL 6.8 1.1 
E W Brown 92.9 SCL 6.4 3.7 
E W Brown 7.1 SLT 6.6 3.8 
Eckert Station 4.8 SCL 7.2 4.5 
Eckert Station 82.0 SLT 6.9 1.2 
Eckert Station 13.2 SNL 6.7 0.5 
Edgewater 58.5 SCL 7.3 3.3 
Edgewater 3.7 SLT 7.3 1.2 
Edgewater 37.8 SNL 6.8 2.2 
Elmer W Stout 29.9 SCL 6.7 1.9 
Elmer W Stout 56.7 SLT 7.0 1.2 
Elmer W Stout 13.3 SNL 6.8 0.8 
F B Culley 45.3 SCL 5.9 0.93 
F B Culley 48.9 SLT 6.5 2 
F B Culley 5.8 SNL 6.9 1.1 
Fayette Power Prj 51.9 SCL 7.7 3.8 
Fayette Power Prj 35.7 SLT 7.6 1.2 
Fayette Power Prj 12.5 SNL 7.1 1 
Flint Creek 62.2 SCL 4.9 0.87 
Flint Creek 37.8 SLT 5.3 0.69 
Fort Martin 45.9 SCL 5.6 1.2 
Fort Martin 54.1 SLT 5.2 1.9 
Fort Martin 0.04 SNL 4.6 2.5 
Frank E Ratts 30.9 SCL 5.8 1.5 
Frank E Ratts 58.0 SLT 6.3 1.1 
Frank E Ratts 11.1 SNL 7.0 0.73 
G G Allen 85.9 SCL 5.3 0.36 
G G Allen 11.9 SLT 5.6 1.1 
G G Allen 2.2 SNL 5.2 0.28 
Gadsden 45.2 SCL 4.8 0.68 
Gadsden 46.4 SLT 5.3 1.3 
Gadsden 8.5 SNL 5.1 0.97 
Gallatin 56.1 SCL 5.6 0.94 
Gallatin 43.9 SLT 5.4 0.94 
Gen J M Gavin 35.9 SCL 6.0 1.4 
Gen J M Gavin 46.1 SLT 5.6 2.1 
Gen J M Gavin 18.0 SNL 5.1 1.3 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Genoa 14.3 SCL 6.1 2.3 
Genoa 64.6 SLT 6.6 1.8 
Genoa 21.0 SNL 6.1 0.97 
Gibson 55.3 SCL 6.6 1.5 
Gibson 43.2 SLT 6.4 1.1 
Gibson 1.5 SNL 7.3 0.67 
Gorgas 17.0 SCL 4.6 0.42 
Gorgas 53.0 SLT 5.1 0.77 
Gorgas 30.0 SNL 5.2 0.73 
Green River 48.4 SCL 5.9 1 
Green River 51.6 SLT 6.0 1.4 
Greene County 19.5 SCL 5.1 1.8 
Greene County 72.6 SLT 5.2 1.4 
Greene County 7.9 SNL 4.9 1.6 
H B Robinson 0.1 SCL 5.2 0.75 
H B Robinson 32.6 SLT 4.8 1 
H B Robinson 67.3 SNL 5.3 0.6 
Hammond 54.7 SCL 5.1 0.74 
Hammond 33.8 SLT 5.3 1.3 
Hammond 11.5 SNL 5.0 0.75 
Harllee Branch 54.7 SCL 5.3 0.49 
Harllee Branch 15.3 SLT 5.6 0.97 
Harllee Branch 30.0 SNL 5.3 0.47 
Harrison 48.8 SCL 5.6 1 
Harrison 51.2 SLT 5.0 2.1 
Hatfield's Ferry 39.3 SCL 5.7 1.8 
Hatfield's Ferry 60.4 SLT 5.3 1.6 
Hatfield's Ferry 0.3 SNL 4.6 2.5 
Hennepin 44.6 SCL 6.4 1.5 
Hennepin 38.2 SLT 6.7 1.1 
Hennepin 17.2 SNL 7.0 1.3 
Heskett 39.9 SCL 8.0 2.1 
Heskett 44.1 SLT 7.6 2.4 
Heskett 16.0 SNL 7.7 1.9 
Holcomb 4.4 SLT 7.9 0.67 
Holcomb 95.6 SNL 7.3 0.75 
Homer City 11.0 SCL 4.9 2.9 
Homer City 84.5 SLT 4.8 1.6 
Homer City 4.5 SNL 4.5 2.1 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Hoot Lake 3.1 SCL 7.5 5.4 
Hoot Lake 38.9 SLT 7.7 2.6 
Hoot Lake 58.1 SNL 7.5 1.3 
Hugo 55.1 SCL 6.6 1.4 
Hugo 35.8 SLT 6.7 1.6 
Hugo 9.2 SNL 5.3 0.7 
Hunter 90.8 SCL 8.3 0.73 
Hunter 3.5 SLT 8.2 2 
Hunter 5.7 SNL 8.5 0.75 
Huntington 4.5 SCL 8.6 1.5 
Huntington 79.5 SLT 8.0 2.4 
Huntington 15.9 SNL 8.6 1.3 
Intermountain 46.9 SCL 8.6 0.7 
Intermountain 8.3 SLT 8.9 0.51 
Intermountain 44.8 SNL 8.8 0.44 
J H Campbell 5.0 SLT 7.1 1.8 
J H Campbell 95.0 SNL 5.9 1.2 
J M Stuart 73.5 SCL 6.5 1.6 
J M Stuart 24.8 SLT 6.8 2.4 
J M Stuart 1.7 SNL 5.5 2 
J R Whiting 80.6 SCL 7.1 4.2 
J R Whiting 17.1 SLT 7.1 2.1 
J R Whiting 2.3 SNL 6.8 2.8 
Jack McDonough 58.9 SCL 5.2 0.46 
Jack McDonough 7.8 SLT 5.6 1.1 
Jack McDonough 33.3 SNL 5.3 0.37 
Jack Watson 20.5 SCL 6.7 11 
Jack Watson 46.8 SLT 4.8 3 
Jack Watson 32.8 SNL 4.9 3.8 
James H Miller Jr 17.0 SCL 4.6 0.42 
James H Miller Jr 53.0 SLT 5.1 0.77 
James H Miller Jr 30.0 SNL 5.2 0.73 
Jim Bridger 1.4 SCL 8.7 0.75 
Jim Bridger 37.9 SLT 8.6 0.52 
Jim Bridger 60.6 SNL 8.2 0.64 
John E Amos 35.8 SCL 6.3 1.6 
John E Amos 64.2 SLT 5.1 2.2 
John Sevier 43.2 SCL 6.2 1.6 
John Sevier 56.7 SLT 5.8 1.2 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
John Sevier 0.2 SNL 5.0 0.67 
Johnsonville 39.2 SCL 5.1 1.7 
Johnsonville 57.3 SLT 5.2 1.3 
Johnsonville 3.5 SNL 4.7 1.5 
Joliet 29 52.8 SCL 7.1 2.7 
Joliet 29 43.5 SLT 7.0 2.1 
Joliet 29 3.7 SNL 7.1 1.8 
Keystone 7.7 SCL 4.9 2.8 
Keystone 90.1 SLT 4.9 1.4 
Keystone 2.2 SNL 4.5 2.2 
Killen Station 74.3 SCL 6.0 1.9 
Killen Station 24.0 SLT 6.3 2.2 
Killen Station 1.8 SNL 6.2 1.7 
Kingston 66.7 SCL 5.0 1.2 
Kingston 21.0 SLT 5.5 1.7 
Kingston 12.3 SNL 5.0 0.67 
Kraft 57.1 SCL 7.2 11 
Kraft 22.8 SLT 5.0 1.3 
Kraft 20.1 SNL 5.0 1.4 
L V Sutton 18.0 SCL 6.1 3.9 
L V Sutton 32.4 SLT 5.0 3.7 
L V Sutton 49.6 SNL 5.0 1.6 
Lansing 9.0 SCL 5.8 2.6 
Lansing 67.7 SLT 6.8 2.1 
Lansing 23.3 SNL 6.2 1.4 
Laramie R Station 41.1 SLT 8.1 0.87 
Laramie R Station 58.9 SNL 7.9 1.2 
Lawrence EC 51.5 SCL 6.6 1.9 
Lawrence EC 47.7 SLT 6.8 2.9 
Lawrence EC 0.8 SNL 7.5 0.75 
Lee 16.4 SCL 5.0 1.3 
Lee 51.1 SLT 5.0 1.3 
Lee 32.5 SNL 5.1 0.96 
Leland Olds 13.5 SCL 7.8 2.6 
Leland Olds 52.9 SLT 7.6 1.9 
Leland Olds 33.6 SNL 7.5 2 
Lon Wright 25.7 SCL 7.5 1.5 
Lon Wright 8.4 SLT 7.0 2.1 
Lon Wright 65.9 SNL 7.8 1.4 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Louisa 35.5 SCL 6.7 1.8 
Louisa 16.6 SLT 6.3 1.5 
Louisa 47.9 SNL 6.6 0.96 
Marion 10.9 SCL 5.6 0.96 
Marion 88.8 SLT 5.2 0.95 
Marion 0.3 SNL 6.6 1 
Marshall 72.1 SCL 5.2 0.33 
Marshall 12.9 SLT 5.5 0.87 
Marshall 15.0 SNL 5.2 0.27 
Martin Lake 34.3 SCL 4.9 1 
Martin Lake 25.1 SLT 5.1 0.8 
Martin Lake 40.6 SNL 5.1 0.73 
Mayo 71.9 SCL 5.6 0.61 
Mayo 27.9 SLT 5.6 1 
Mayo 0.2 SNL 5.2 0.76 
Meramec 87.9 SCL 6.4 1.3 
Meramec 12.1 SLT 6.5 1.3 
Merom 30.2 SCL 5.5 0.84 
Merom 59.2 SLT 5.8 0.96 
Merom 10.6 SNL 6.4 0.77 
Miami Fort 69.6 SCL 6.5 1.7 
Miami Fort 27.3 SLT 6.8 2 
Miami Fort 3.1 SNL 6.7 1.2 
Milton R Young 4.6 SCL 7.6 3.1 
Milton R Young 92.9 SLT 7.7 1.5 
Milton R Young 2.5 SNL 7.5 1.8 
Mitchell - PA 19.1 SCL 5.9 2.1 
Mitchell - PA 80.9 SLT 5.5 1.4 
Mitchell - WV 39.9 SCL 6.0 1.7 
Mitchell - WV 59.9 SLT 5.2 2 
Mitchell - WV 0.2 SNL 6.0 1.3 
Mohave 29.0 SLT 8.1 0.26 
Mohave 71.0 SNL 8.1 0.31 
Monroe 38.5 SCL 7.0 3 
Monroe 49.5 SLT 7.2 3.1 
Monroe 12.0 SNL 6.8 3.5 
Morgantown 21.7 SCL 4.6 1.2 
Morgantown 39.3 SLT 4.7 3.2 
Morgantown 39.0 SNL 4.9 1.3 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Mountaineer (1301) 56.1 SCL 6.0 1.6 
Mountaineer (1301) 34.2 SLT 5.9 2.2 
Mountaineer (1301) 9.8 SNL 4.9 2.5 
Mt Storm 4.1 SCL 5.0 2.9 
Mt Storm 65.3 SLT 4.7 1.4 
Mt Storm 30.6 SNL 4.4 1 
Muscatine Plant #1 46.8 SCL 6.6 1.8 
Muscatine Plant #1 27.4 SLT 6.4 1.4 
Muscatine Plant #1 25.8 SNL 6.6 0.84 
Muskogee 30.9 SCL 6.5 1.7 
Muskogee 53.1 SLT 6.8 1.1 
Muskogee 16.0 SNL 6.7 1 
Neal North 36.7 SCL 7.9 1.1 
Neal North 46.5 SLT 7.9 0.67 
Neal North 16.9 SNL 7.7 0.73 
Neal South 34.0 SCL 7.8 1.1 
Neal South 50.7 SLT 7.8 0.69 
Neal South 15.3 SNL 7.7 0.73 
Nebraska City 55.5 SCL 7.4 1.4 
Nebraska City 35.5 SLT 7.3 1.7 
Nebraska City 9.0 SNL 7.7 0.74 
New Castle 5.1 SCL 7.7 0.73 
New Castle 81.6 SLT 5.9 2.8 
New Castle 13.2 SNL 6.1 1.5 
Newton 37.9 SCL 5.5 0.54 
Newton 61.3 SLT 5.5 0.53 
Newton 0.7 SNL 6.5 0.85 
North Omaha 29.0 SCL 7.4 1.5 
North Omaha 60.1 SLT 7.7 0.82 
North Omaha 11.0 SNL 7.7 0.74 
Northeastern 76.9 SCL 6.7 2.1 
Northeastern 21.3 SLT 6.3 2.2 
Northeastern 1.8 SNL 5.6 2 
Nucla 61.2 SLT 7.9 0.98 
Nucla 38.8 SNL 8.1 0.55 
Oklaunion 92.2 SCL 8.0 1.7 
Oklaunion 7.0 SLT 7.9 0.94 
Oklaunion 0.7 SNL 7.3 1.5 
Paradise 14.8 SCL 5.6 1.4 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Paradise 85.2 SLT 5.9 1.2 
Petersburg 29.7 SCL 5.9 1.5 
Petersburg 62.9 SLT 6.3 1.2 
Petersburg 7.5 SNL 7.2 0.59 
Pleasant Prairie 97.2 SCL 7.1 1.7 
Pleasant Prairie 2.8 SNL 7.3 1.5 
Port Washington 86.3 SCL 7.3 3.3 
Port Washington 7.7 SLT 7.5 0.68 
Port Washington 6.1 SNL 7.3 3 
Portland 8.7 SCL 5.8 0.58 
Portland 90.8 SLT 5.5 1.1 
Portland 0.5 SNL 6.0 1.8 
Possum Point 6.3 SCL 4.6 0.58 
Possum Point 43.0 SLT 4.9 3 
Possum Point 50.7 SNL 4.9 0.8 
Potomac River 13.3 SCL 4.5 0.56 
Potomac River 35.5 SLT 4.9 2.8 
Potomac River 51.2 SNL 5.0 1.1 
Presque Isle 18.7 SLT 5.2 2.5 
Presque Isle 81.3 SNL 5.3 3.1 
R Gallagher 40.4 SCL 5.6 1.5 
R Gallagher 59.0 SLT 5.9 2.1 
R Gallagher 0.5 SNL 6.9 1.4 
R M Schahfer 2.1 SCL 7.1 3.8 
R M Schahfer 6.5 SLT 6.9 2.9 
R M Schahfer 91.4 SNL 6.6 1.5 
Reid Gardner 13.3 SCL 8.4 0.29 
Reid Gardner 21.6 SLT 8.3 0.58 
Reid Gardner 65.1 SNL 8.4 0.34 
Richard Gorsuch 69.9 SCL 6.1 1.7 
Richard Gorsuch 27.0 SLT 5.9 2.4 
Richard Gorsuch 3.0 SNL 5.1 2.6 
Riverbend 77.4 SCL 5.3 0.37 
Riverbend 20.1 SLT 5.7 1.1 
Riverbend 2.5 SNL 5.2 0.45 
Rodemacher 42.9 SCL 6.5 0.96 
Rodemacher 51.4 SLT 6.5 0.92 
Rodemacher 5.7 SNL 5.3 0.85 
Roxboro 40.3 SCL 5.5 0.47 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Roxboro 55.7 SLT 6.0 0.79 
Roxboro 4.0 SNL 5.5 1.4 
Sandow 0.8 SCL 6.9 0.5 
Sandow 37.4 SLT 6.3 0.66 
Sandow 61.8 SNL 6.3 0.64 
Scherer 58.5 SCL 5.3 0.39 
Scherer 12.8 SLT 5.5 0.97 
Scherer 28.7 SNL 5.3 0.42 
Shawnee 9.5 SCL 5.8 1 
Shawnee 84.2 SLT 5.6 1.4 
Shawnee 6.3 SNL 6.5 1.1 
Shawville 5.2 SCL 5.0 3 
Shawville 82.6 SLT 4.9 1.1 
Shawville 12.2 SNL 4.4 1.2 
Sheldon 62.7 SCL 6.8 2.3 
Sheldon 33.2 SLT 7.0 1.6 
Sheldon 4.1 SNL 6.9 2 
South Oak Creek 95.5 SCL 7.1 1.9 
South Oak Creek 4.5 SNL 7.3 1.6 
Springerville 10.0 SLT 8.1 0.79 
Springerville 90.0 SNL 7.9 0.79 
St Johns River Power 27.1 SCL 6.9 49 
St Johns River Power 0.4 SLT 5.0 1.3 
St Johns River Power 72.5 SNL 5.2 1.1 
Stanton Energy Ctr 0.8 SCL 7.0 10 
Stanton Energy Ctr 2.4 SLT 7.7 1 
Stanton Energy Ctr 96.8 SNL 5.3 4.8 
Stockton Cogen Company 89.9 SCL 7.6 1.8 
Stockton Cogen Company 6.6 SLT 7.5 1.5 
Stockton Cogen Company 3.5 SNL 6.8 0.51 
Syl Laskin 8.5 SCL 6.5 3.2 
Syl Laskin 4.6 SLT 6.3 6.3 
Syl Laskin 86.9 SNL 5.8 3.1 
Tecumseh EC 55.2 SCL 6.6 2 
Tecumseh EC 41.9 SLT 6.9 2.6 
Tecumseh EC 2.9 SNL 7.6 0.62 
Texas-New Mexico 4.4 SCL 7.0 0.61 
Texas-New Mexico 43.5 SLT 6.3 0.67 
Texas-New Mexico 52.1 SNL 6.0 0.77 


(continued)
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Titus 31.8 SCL 6.0 0.76 
Titus 63.6 SLT 5.6 1.4 
Titus 4.6 SNL 5.0 0.98 
Trimble County 57.3 SCL 6.3 2 
Trimble County 41.9 SLT 6.5 1.9 
Trimble County 0.8 SNL 5.9 1.7 
Tyrone 92.1 SCL 6.3 3.7 
Tyrone 7.9 SLT 6.6 3.9 
Valley 98.5 SCL 6.9 1.2 
Valley 0.2 SLT 7.5 0.45 
Valley 1.3 SNL 7.4 1.3 
Vermilion 82.5 SCL 6.9 1.3 
Vermilion 16.6 SLT 7.0 1.2 
Vermilion 0.8 SNL 7.2 1.1 
Victor J Daniel Jr 46.2 SCL 4.6 2.2 
Victor J Daniel Jr 27.7 SLT 4.7 2.3 
Victor J Daniel Jr 26.1 SNL 4.7 16 
W A Parish 95.8 SCL 7.4 1.4 
W A Parish 4.2 SLT 7.9 0.74 
W H Weatherspoon 7.4 SCL 5.5 1.9 
W H Weatherspoon 50.4 SLT 4.7 2.2 
W H Weatherspoon 42.2 SNL 4.8 1.3 
W S Lee 68.0 SCL 5.3 0.48 
W S Lee 9.0 SLT 5.7 1 
W S Lee 23.0 SNL 5.3 0.41 
Wabash River 22.0 SCL 6.4 1.6 
Wabash River 48.5 SLT 6.9 1.2 
Wabash River 29.5 SNL 6.7 1.2 
Walter C Beckjord 71.6 SCL 6.3 1.4 
Walter C Beckjord 26.5 SLT 6.7 2 
Walter C Beckjord 1.9 SNL 6.6 1.1 
Wansley 46.3 SCL 5.2 0.52 
Wansley 18.1 SLT 5.6 1.2 
Wansley 35.5 SNL 5.4 0.5 
Warrick 45.8 SCL 6.0 0.95 
Warrick 48.6 SLT 6.5 1.9 
Warrick 5.6 SNL 7.0 1.1 
Waukegan 43.9 SCL 6.6 1 
Waukegan 18.1 SLT 6.6 1.4 
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Soil Data (continued) 


Plant 
Percent 


Composition 
Megatexture 


Code Average pH 
Average % 


Organic Material
Waukegan 38.0 SNL 6.7 0.8 
Weston 33.5 SLT 5.6 1.7 
Weston 66.5 SNL 6.0 1.4 
Widows Creek 64.5 SCL 5.3 0.88 
Widows Creek 20.0 SLT 5.2 1.4 
Widows Creek 15.5 SNL 5.4 1.2 
Will County 40.0 SCL 6.8 1.8 
Will County 52.7 SLT 7.0 0.96 
Will County 7.2 SNL 7.1 0.98 
Wyodak 1.3 SCL 8.1 0.38 
Wyodak 40.2 SLT 7.9 1.1 
Wyodak 58.5 SNL 7.9 0.93 
Yates 47.8 SCL 5.2 0.48 
Yates 17.7 SLT 5.6 1.2 
Yates 34.5 SNL 5.3 0.48 
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Attachment C-2: Hydrogeologic Environment 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


 Big Cajun 2 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting (100% 
alluvium); soils have significant fines 
(SCL+SLT = 95%) 


A B Brown 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting; soils have 
significant fines (SCL+SLT = 95%) 


A/C Power- 
Ace Operations 


2C Alluvial Fans 5 Alluvial Basins Valleys and 
Fans 


100 Based on surficial geology; consistent with 
alluvial fan setting 


Allen 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on aquifer coverages, surficial 
geology; Heath (1985) and soils indicate 
overbank deposits 


Alma 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Percentage based on SNL/SCL soils; setting 
based on productive aquifers and surficial 
geology 


Alma 7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Percentage based on SNL/SCL soils; setting 
based on productive aquifers and surficial 
geology 


Antelope Valley 7G Thin Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on principal aquifer and surficial 
geology coverages 


Arkwright 8D Regolith 1 Metamorphic and Igneous 100 Most common Piedmont setting (residuum) 
Asheville 8B Alluvial Mountain Valleys 5 Alluvial Basins Valleys and 


Fans 
100 Appropriate for alluvial blue ridge valley 


(colluvium) 
Baldwin 7Ea River Alluvium With 


Overbank Deposits 
6 River Valleys and Floodplains 


with Overbank Deposit 
70 Percentage based on surficial geology (74% 


Floodplain and alluvium gravel terraces) 
Baldwin 7G Thin Till Over Bedded 


Sedimentary Rock 
3 Till Over Sedimentary Rock 30 Percentage based on surficial geology (74% 


Floodplain and alluvium gravel terraces) 
(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Barry 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting, significant fine 
grained soils = overbank deposits 


Bay Front 7Bb Outwash Over Bedded 
Sedimentary Rock 


2 Bedded Sedimentary Rock 70 Percentage based on productive aquifers 


Bay Front 7D Buried Valley 4 Sand and Gravel 30 Percentage based on productive aquifers 
Bay Shore 7Ac Glacial Till Over Solution 


Limestone 
12 Solution Limestone 100 Closest setting considering carbonate 


aquifers, high SCL soils, and lake deposits 
surficial geology 


Belews Creek 6H Triassic Basins 2 Bedded Sedimentary Rock 50 Sources somewhat dissimilar; fraction based 
on surficial geology; Triassic basin 


Belews Creek 8D Regolith 1 Metamorphic and Igneous 50 Sources somewhat dissimilar; fraction based 
on surficial geology 


Ben French 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 60 Percentage, thin soils based on surficial 
geology 


Ben French 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage based on surficial geology; 
significant fine soils (25% SCL) 


Big Sandy 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 50 Percentage based on surficial geology; thin 
soils inferred from colluvium 


Big Sandy 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT = 95%) 


Big Stone 7Ba Outwash 8 Outwash 100 Based on surficial geology 
Black Dog 
Steam Plant 


7Bb Outwash Over Bedded 
Sedimentary Rock 


2 Bedded Sedimentary Rock 100 Based on surficial geology, aquifer coverages


Blue Valley 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 80 Percentage based on Heath (1985), 
productive aquifers 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Blue Valley 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


20 Percentage based on Heath (1985), 
productive aquifers 


Bowen 6Db Alternating Sandstone, 
Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 100 Based on aquifers, surficial residuum 
(massive red clay); metamorphic surficial 
geology not consistent with Valley and Ridge


Brandon Shores 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Assigned based on location and aquifer and 
surficial geology coverages; Heath region 
incorrect (it's Atlantic Coastal Plain, not 
Piedmont) 


Buck 8E River Alluvium 6 River Valleys and Floodplains 
with Overbank Deposit 


100 Based on productive aquifer & Heath region 
coverages 


Bull Run 6Db Alternating Sandstone, 
Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 60 Percentage based on surficial geology 


Bull Run 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage based on surficial geology; high 
SCL (77%) = overbank deposits 


C D McIntosh 
Jr 


11A Solution Limestone and 
Shallow Surficial Aquifers 


12 Solution Limestone 100 Based on both aquifer coverages 


C P Crane 10Aa Regional Aquifers 4 Sand and Gravel 50 Appears to be on border between Piedmont 
and Coastal Plain 


C P Crane 8D Regolith 1 Metamorphic and Igneous 50 Appears to be on border between Piedmont 
and Coastal Plain 


Cape Fear 6H Triassic Basins 2 Bedded Sedimentary Rock 20 Percentage based on productive aquifer & 
Heath region coverages; Triassic basin 


Cape Fear 8E River Alluvium 6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on productive aquifer & 
Heath region coverages 


Carbon 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Setting based on aquifer and surficial 
geology coverages 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Cardinal 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 30 Percentage based on surficial geology; soils 
with low (<1%) SNL 


Cardinal 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage based on surficial geology; soils 
with low (<1%) SNL 


Cayuga 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer overlaid by alluvial 
deposits 


Chalk Point 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Predominant setting 


Cholla 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 20 Percentage based on surficial geology (83% 
Floodplain and alluvium gravel terraces) 


Cholla 4C River Alluvium 7 River Valleys and Floodplains 
without Overbank Deposits 


80 Percentage based on surficial geology (83% 
Floodplain and alluvium gravel terraces) 


Cliffside 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology 
Clover 6H Triassic Basins 2 Bedded Sedimentary Rock 20 Percentage based on surficial geology; 


Triassic Basin from Heath (1985) and 
principal aquifer coverage 


Clover 8E River Alluvium 6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology 


Coal Creek 7G Thin Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on principal aquifer and surficial 
geology coverages 


Coleto Creek 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifer and surficial 
geology coverages 


Colstrip 6da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Based on all coverages 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Conemaugh 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on aquifer coverages & Heath 
(1985); thin regolith inferred from colluvium 


Conesville 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology; soils 
with low (10%) SNL 


Conesville 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology; soils 
with low (10%) SNL 


Council Bluffs 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on productive aquifers 


Crawford 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Assigned based on predominant surficial 
geology (98% Floodplain and alluvium 
gravel terraces), productive aquifer coverage 


Crist 10Bb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


100 Assigned based on predominant surficial 
geology (96% Floodplain and alluvium 
gravel terraces), coarse-grained soil (49% 
SNL) 


Cross 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifers, surficial geology, 
soils, Heath (1985) 


Cumberland 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on surface geology; high (61%) 
SCL = overbank deposits 


Dale 6E Solution Limestone 12 Solution Limestone 20 Percentage based on surficial geology; 
setting from principal aquifers (carbonate) 


Dale 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology; soils 
have significant fines (SNL = 0.1%) 


Dallman 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on soils, surficial geology, principal 
aquifer 


Dan E Karn 7F Glacial Lake Deposits 4 Sand and Gravel 100 Based on surficial geology, soils 
(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Dan River 6H Triassic Basins 2 Bedded Sedimentary Rock 100 Based on surfucial geology, principal 
aquifers; Triassic basin 


Danskammer 7D Buried Valley 4 Sand and Gravel 100 Based on predominant Heath region, 
productive aquifers; little coarse-grained 
soils 


Dave Johnston 4C River Alluvium 7 River Valleys and Floodplains 
without Overbank Deposits 


100 Based on aquifer and surficial geology 
coverages, Heath (1985) 


Dickerson 8D Regolith 1 Metamorphic and Igneous 100 Predominant setting 
Dolet Hills 10Ab Unconsolidated and Semi-


Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Predominant shallow unconsolidated aquifer 
system 


Duck Creek 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Assigned based on predominant surficial 
geology (100% Floodplain and alluvium 
gravel terraces), Heath Alluvial Valley 
Region 


Dunkirk 7H Beaches, Beach Ridges and 
Sand Dunes 


11 Coastal Beaches 100 Based on location, surficial geology 


E D Edwards 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 20 Percentage based on surficial geology (83% 
Floodplain and alluvium gravel terraces) 


E D Edwards 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology (83% 
Floodplain and alluvium gravel terraces) 


E W Brown 6E Solution Limestone 12 Solution Limestone 20 Percentage based on surficial geology (76% 
alluvium, 23% clay); soils have significant 
fine-grained (0% SNL) 


E W Brown 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology (76% 
alluvium, 23% clay); soils have significant 
fine-grained (0% SNL) 


Eckert Station 7Bb Outwash Over Bedded 
Sedimentary Rock 


2 Bedded Sedimentary Rock 30 Percentage based on productive aquifer 
coverage, Heath regions 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Eckert Station 7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


70 Percentage based on productive aquifer 
coverage, Heath regions 


Edgewater 7Bc Outwash Over Solution 
Limestone 


12 Solution Limestone 100 Setting based on aquifer and surficial 
geology coverages 


Elmer W Stout 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer overlaid by alluvial 
deposits 


F B Culley 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting; soils have 
significant fines (SCL+SLT = 94%) 


Fayette Power 
Prj 


10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifer and surficial 
geology coverages 


Flint Creek 6Db Alternating Sandstone, 
Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 100 Ozark plateau; Heath (1985) indicates 
dolomite, sandy dolomite, sandstone, with no 
indication of solutioning. Surficial geology 
(cherty red clay) noted as thick regolith in 
Aller et al. (1987) 


Fort Martin 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on surficial geology; low SNL 
(< 1%) = overbank deposits 


Frank E Ratts 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer in alluvial valley region 
(99%) 


G G Allen 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology 
Gadsden 6Db Alternating Sandstone, 


Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 30 Percentage assigned based on productive 
aquifer coverage 


Gadsden 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage assigned based on productive 
aquifer coverage; soils have significant fines 
(SCL+SLT > 25%) 


Gallatin 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on surface geology; high (56%) 
SCL = overbank deposits 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Gen J M Gavin 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on productive aquifers, 
surficial geology 


Genoa 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Percentage based on SNL/SCL soils; setting 
based on surficial geology and productive 
aquifers 


Genoa 6Fb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Percentage based on SNL/SCL soils; setting 
based on surficial geology and productive 
aquifers 


Gibson 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting; soils have 
significant fines (SCL+SLT = 99%) 


Gorgas 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 30 Percentage based on surficial geology; 
alluvial setting with coarser soils (= no 
overbank deposits) 


Gorgas 6Fb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


70 Percentage based on surficial geology; 
alluvial setting with coarser soils (= no 
overbank deposits) 


Green River 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting (>85% 
alluvium); soils have significant fines (SNL 
= 0%) 


Greene County 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


30 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT > 90%) 


Greene County 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT > 90%) 


H B Robinson 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifers, surficial geology, 
soils, Heath (1985); Heath region coverage 
incorrect (Coastal Plain, not Piedmont) 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Hammond 6Db Alternating Sandstone, 
Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 100 Based on aquifers, surficial residuum 
(massive red clay) 


Harllee Branch 8E River Alluvium 6 River Valleys and Floodplains 
with Overbank Deposit 


100 Assigned based on predominant surficial 
geology (99% floodplain and alluvium gravel 
terraces) 


Harrison 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 20 Percentage based on surficial geology; thin 
soils inferred from surficial geology 


Harrison 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology; 
0%SNL = overbank deposits 


Hatfield's Ferry 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology; thin 
regolith inferred from colluvium 


Hatfield's Ferry 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology; soils 
< 1% SNL 


Hennepin 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 30 Percentage to capture uncertainty in soils, 
surficial geology, principal aquifer 


Hennepin 7Bb Outwash Over Bedded 
Sedimentary Rock 


2 Bedded Sedimentary Rock 30 Percentage to capture uncertainty in soils, 
surficial geology, principal aquifer 


Hennepin 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage to capture uncertainty in soils, 
surficial geology, principal aquifer 


Heskett 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvium surficial 
geology(96%); mixed soils 


Holcomb 5Gb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


100 Alluvial valley with very coarse soils 


Homer City 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on aquifer coverages & Heath 
(1985); thin regolith inferred from colluvium 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Hoot Lake 9E Outwash 8 Outwash 100 Based on productive aquifer, soils, surficial 
geology 


Hugo 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology; 
soil/regolith thickness inferred from Heath 
(1985) 


Hugo 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology; fine 
soils with about 10% SNL 


Hunter 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Setting based on aquifer and surficial 
geology coverages 


Huntington 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Setting based on aquifer and surficial 
geology coverages 


Intermountain 2E Playa Lakes 5 Alluvial Basins Valleys and 
Fans 


100 Setting based on surficial geology coverage, 
Heath (1985) 


J H Campbell 7F Glacial Lake Deposits 4 Sand and Gravel 100 Based on surficial geology, soils 
J M Stuart 6E Solution Limestone 12 Solution Limestone 50 Percentage based on surficial geology; low 


(< 2%) SNL 
J M Stuart 6Fa River Alluvium With 


Overbank Deposits 
6 River Valleys and Floodplains 


with Overbank Deposit 
50 Percentage based on surficial geology; low 


(< 2%) SNL 
J R Whiting 7F Glacial Lake Deposits 4 Sand and Gravel 100 Based on surficial geology 
Jack 
McDonough 


8C Mountain Flanks 2 Bedded Sedimentary Rock 100 Assigned based on predominant surficial 
geology (94% stony colluvium on 
metamorphic rocks; less silt and clay than in 
colluvium over limestone) 


Jack Watson 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Based on all coverages 


James H Miller 
Jr 


6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 20 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT > 25%) 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


James H Miller 
Jr 


6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT > 25%) 


Jim Bridger 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Based on aquifer and surficial geology 
coverages, Heath (1985) 


John E Amos 6da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology; thin 
soils inferred from surficial geology 


John E Amos 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology; 
0%SNL = overbank deposits 


John Sevier 6E Solution Limestone 12 Solution Limestone 50 Percentage based on surface geology; setting 
based on surface geology and aquifer type, 
with possibility of solution limestone from 
Heath (1985) 


John Sevier 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Percentage, setting based on surface geology; 
low (<1%) SNL = overbank deposits 


Johnsonville 6E Solution Limestone 12 Solution Limestone 30 Percentage based on surface geology; setting 
based on aquifer coverages, Heath (1985); 
placed in Nonglaciated Central region based 
on aquifer coverages and Heath (1985) 


Johnsonville 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage, setting based on surface geology; 
low (3%) SNL = overbank deposits; placed 
in Nonglaciated Central region based on 
aquifer coverages and Heath (1985) 


Joliet 29 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on aquifers, soils; soils don't suggest 
outwash like surficial geology does 


Keystone 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on aquifer coverages & Heath 
(1985); thin regolith inferred from colluvium 


Killen Station 6E Solution Limestone 12 Solution Limestone 30 Percentage based on surficial geology; low 
(< 2%) SNL 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Killen Station 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage based on surficial geology; low 
(< 2%) SNL 


Kingston 6E Solution Limestone 12 Solution Limestone 20 Percentage based on surface geology; setting 
based on surface geology and aquifer type, 
with possibility of solution limestone from 
Heath (1985) 


Kingston 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage, setting based on surface geology; 
high (67 %) SCL = overbank deposits 


Kraft 11A Solution Limestone and 
Shallow Surficial Aquifers 


12 Solution Limestone 100 Only possible assignment; predominant 
alluvium (84%) not well represented 


L V Sutton 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


20 Percentage based on surficial geology; sandy 
soils 


L V Sutton 10Bb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


80 Percentage based on surficial geology; sandy 
soils 


Lansing 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology, 
productive aquifers; loess = thin soils 


Lansing 6Fb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


60 Percentage based on surficial geology, 
productive aquifers; coarse-grained soils 


Laramie R 
Station 


6Fb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


100 Based on aquifer and surficial geology 
coverages, Heath (1985) 


Lawrence EC 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial valley with low coarse soils (<1% 
SNL) 


Lee 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


30 Percentage based on surficial geology; sandy 
soils 


Lee 10Bb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


70 Percentage based on surficial geology; sandy 
soils 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Leland Olds 7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Percentage based on surficial geology; 
assumed coarse soils 


Leland Olds 7G Thin Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 50 Percentage based on surficial geology; 
assumed coarse soils 


Lon Wright 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


30 Alluvial based on predominant Heath, 
productive aquifer; percentage based on soil 
textures 


Lon Wright 7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


70 Alluvial based on predominant Heath, 
productive aquifer; percentage based on soil 
textures 


Louisa 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Alluvial Valley; significant coarse-grained 
deposits 


Louisa 7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Alluvial Valley; significant coarse-grained 
deposits 


Marion 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Assigned to Glaciated Central region based 
on surficial geology (pre-Wisconsin drift) 


Marshall 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology 
Martin Lake 10Ab Unconsolidated and Semi-


Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifer and surficial 
geology coverages 


Mayo 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology 
Meramec 7Ea River Alluvium With 


Overbank Deposits 
6 River Valleys and Floodplains 


with Overbank Deposit 
100 Based on surficial, predominant Heath 


Merom 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer overlaid by alluvial 
deposits 


Miami Fort 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Assigned based on productive aquifers, 
surficial geology and soil (3% SNL) 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Milton R Young 7G Thin Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on principal aquifer and surficial 
geology coverages 


Mitchell 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 60 Percentage based on surficial geology; thin 
regolith inferred from colluvium 


Mitchell 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage based on surficial geology; soils 0 
% SNL 


Mitchell 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on surficial geology; low SNL 
(< 1%) = overbank deposits 


Mohave 2Ha River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on predominant surficial 
geology, Heath (1985) 


Monroe 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Based on Heath region, productive aquifers, 
soils 


Morgantown 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Assigned based on location and aquifer and 
surficial geology coverages; Heath region 
incorrect (it's Atlantic Coastal Plain, not 
Piedmont) 


Mountaineer 
(1301) 


6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Setting based on surficial geology; low SNL 
(10%) = overbank deposits 


Mt Storm 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on surficial geology, aquifer 
coverages; thin soils inferred from surficial 
geology 


Muscatine Plant 
#1 


7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Alluvial Valley; significant coarse-grained 
deposits 


Muscatine Plant 
#1 


7Eb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Alluvial Valley; significant coarse-grained 
deposits 


Muskogee 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Surficial geology indicates 
alluvium/colluvium; Heath (1985) indicates 
fine soils over sands and gravels 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Neal North 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial Valley setting 


Neal South 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial Valley setting 


Nebraska City 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial based on predominant Heath, 
productive aquifer, soil textures 


New Castle 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 20 Percentage and setting based on Heath region 
& surficial geology; thin regolith inferred 
from colluvium 


New Castle 7D Buried Valley 4 Sand and Gravel 80 Percentage and setting based on Heath region 
& book 


Newton 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 100 Based on soils, surficial geology, aquifer 
coverages 


North Omaha 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial based on predominant Heath, 
productive aquifer; soil texture (28% SCL, 
10% SNL) = overbank deposits 


Northeastern 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 40 Percentage based on surficial geology, which 
indicates thin residual soils 


Northeastern 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology; soils 
< 2% SNL 


Nucla 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Based on surficial geology, aquifer coverages


Oklaunion 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on surficial geology; thin soil 
inferred 


Paradise 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting (93% alluvium); 
soils have significant fines (SNL = 0%) 


Petersburg 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer in alluvial valley region 
(similar to 1043) 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Pleasant Prairie 7Ac Glacial Till Over Solution 
Limestone 


12 Solution Limestone 100 Setting based on aquifer and soil coverages 
(high SCL soils) 


Port 
Washington 


7Ac Glacial Till Over Solution 
Limestone 


12 Solution Limestone 100 Setting based on aquifer and soil coverages 
(high SCL soils) 


Portland 7Ac Glacial Till Over Solution 
Limestone 


12 Solution Limestone 100 Setting based on aquifer and surficial 
geology coverage 


Possum Point 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Based on productive aquifer coverage; Heath 
region incorrect 


Potomac River 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


50 Percentage based on surficial geology 
coverage; Heath region incorrect 


Potomac River 10Bb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


50 Percentage based on surficial geology 
coverage; sandy soils (51% SNL) = no 
overbank deposits; Heath region incorrect 


Presque Isle 9F Moraine 4 Sand and Gravel 100 Based on surficial geology, Heath region, 
soils 


R Gallagher 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting; soils have 
significant fines (SCL+SLT = 99%) 


R M Schahfer 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer in alluvial valley region
Reid Gardner 2C Alluvial Fans 5 Alluvial Basins Valleys and 


Fans 
100 Based on surficial geology; consistent with 


productive aquifers 
Richard 
Gorsuch 


6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Assigned based on productive aquifers, 
surficial geology and soil (3% SNL) 


Riverbend 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology 
Rodemacher 10Ab Unconsolidated and Semi-


Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


50 Setting percentage determined from Heath, 
productive aquifer, and surficial geology 
coverages 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Rodemacher 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Setting percentage determined from Heath, 
productive aquifer, and surficial geology 
coverages 


Roxboro 8D Regolith 1 Metamorphic and Igneous 100 Based on surficial geology, productive 
aquifers 


Sandow 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Setting based on aquifer and surficial 
geology coverages; Heath region coverage is 
incorrect (based on Heath [1985] and aquifer 
coverages) 


Scherer 8D Regolith 1 Metamorphic and Igneous 100 Most common Piedmont setting (residuum) 
Shawnee 10Bb River Alluvium Without 


Overbank Deposits 
7 River Valleys and Floodplains 


without Overbank Deposits 
100 Predominant alluvial setting (100% 


alluvium); soils have low fines (SCL = 9%) 
Shawville 6Da Alternating Sandstone, 


Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Setting based on aquifer coverages & Heath 
(1985); thin regolith inferred from colluvium 


Sheldon 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 30 Percentage based on productive aquifer 
coverage; buried valley indicated by Heath 
(1985) 


Sheldon 7D Buried Valley 4 Sand and Gravel 70 Percentage based on productive aquifer 
coverage; buried valley indicated by Heath 
(1985) 


South Oak 
Creek 


7Ac Glacial Till Over Solution 
Limestone 


12 Solution Limestone 100 Setting based on aquifer and soil coverages 
(high SCL soils) 


Springerville 4B Consolidated Sedimentary 
Rock 


2 Bedded Sedimentary Rock 100 Assigned based on productive aquifers 
(consolidated sandstone) 


St Johns River 
Power 


11B Coastal Deposits 4 Sand and Gravel 100 Based on sea island surficial geology 


Stanton Energy 
Ctr 


11A Solution Limestone and 
Shallow Surficial Aquifers 


12 Solution Limestone 100 Based on both aquifer coverages 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Stockton Cogen 
Company 


2C Alluvial Fans 5 Alluvial Basins Valleys and 
Fans 


50 Percentage based on surficial geology; 
Central Valley soils show significant fines 


Stockton Cogen 
Company 


2Ha River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


50 Percentage based on surficial geology; 
Central Valley soils show significant fines 


Syl Laskin 9E Outwash 8 Outwash 60 Percentage based on surficial geology 
Syl Laskin 9Ga River Alluvium With 


Overbank Deposits 
6 River Valleys and Floodplains 


with Overbank Deposit 
40 Percentage based on surficial geology 


Tecumseh EC 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Alluvial valley with low coarse soils (<3% 
SNL) 


Texas-New 
Mexico 


10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


100 Based on productive aquifers, Heath (1985) 
(Heath region coverage is incorrect) 


Titus 6Db Alternating Sandstone, 
Limestone and Shale - Deep 
Regolith 


2 Bedded Sedimentary Rock 100 Setting based on aquifer and surficial 
geology coverage; deep regolith inferred 
from red, massive clay 


Trimble County 6E Solution Limestone 12 Solution Limestone 40 Heath incorrect; Percentage based on 
surficial geology (56% alluvium, 44% clay); 
soils have significant fine-grained (1% SNL) 


Trimble County 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Heath incorrect; Percentage based on 
surficial geology (56% alluvium, 44% clay); 
soils have significant fine-grained (1% SNL) 


Tyrone 6E Solution Limestone 12 Solution Limestone 100 Based on principal aquifer coverage 
Valley 7Ac Glacial Till Over Solution 


Limestone 
12 Solution Limestone 100 Setting based on aquifer and soil coverages 


(high SCL soils) 
Vermilion 7Aa Glacial Till Over Bedded 


Sedimentary Rock 
3 Till Over Sedimentary Rock 100 Based on aquifers, soils; soils don't suggest 


outwash like surficial geology does 
Victor J Daniel 
Jr 


10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


60 Percentage based on surficial geology 


(continued)







 
Appendix C


 
Attachm


ent C
-2: H


ydrogeologic Environm
ent 


 
C


-2-19 


Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Victor J Daniel 
Jr 


10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage based on surficial geology, soils 


W A Parish 10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


30 Percentage based on surficial geology and 
productive aquifer coverages 


W A Parish 10Ba River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


70 Percentage based on surficial geology and 
productive aquifer coverages; high SCL 
(96%) = overbank deposits 


W H 
Weatherspoon 


10Ab Unconsolidated and Semi-
Consolidated Shallow 
Surficial Aquifer 


10 Unconsolidated and 
Semiconsolidated Shallow 
Aquifers 


30 Percentage based on surficial geology; sandy 
soils 


W H 
Weatherspoon 


10Bb River Alluvium Without 
Overbank Deposits 


7 River Valleys and Floodplains 
without Overbank Deposits 


70 Percentage based on surficial geology; sandy 
soils 


W S Lee 8D Regolith 1 Metamorphic and Igneous 100 Setting based on aquifers, surficial geology, 
soils, Heath (1985) 


Wabash River 7D Buried Valley 4 Sand and Gravel 100 Glaciofluvial aquifer in Alluvial Valley 
region 


Walter C 
Beckjord 


7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 60 Percentage based on surficial geology; placed 
in glaciated central based on Heath (1985); 
soils 2% SNL 


Walter C 
Beckjord 


7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


40 Percentage based on surficial geology; placed 
in glaciated central based on Heath (1985); 
soils 2% SNL 


Wansley 8C Mountain Flanks 2 Bedded Sedimentary Rock 30 Percentage based on surficial geology 
Wansley 8E River Alluvium 6 River Valleys and Floodplains 


with Overbank Deposit 
70 Percentage based on surficial geology 


Warrick 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


100 Predominant alluvial setting; soils have 
significant fines (SCL+SLT = 94%) 


Waukegan 7Bc Outwash Over Solution 
Limestone 


12 Solution Limestone 100 Based on soils, surficial geology, aquifer 
coverages 


(continued)
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Hydrogeologic Environment (continued) 
Hydrogeologic Setting Hydrogeologic Environment 


Plant Code Description Code Description Percentage Comment 


Weston 9E Outwash 8 Outwash 100 Setting based on productive aquifer, surficial 
geology coverages 


Widows Creek 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 20 Percentage based on surficial geology; thin 
soils inferred from colluvium 


Widows Creek 6Fa River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


80 Percentage based on surficial geology; soils 
have significant fines (SCL+SLT > 25%) 


Will County 7Aa Glacial Till Over Bedded 
Sedimentary Rock 


3 Till Over Sedimentary Rock 40 Percentage based on surficial geology (65% 
Floodplain and alluvium gravel terraces) 


Will County 7Ea River Alluvium With 
Overbank Deposits 


6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage based on surficial geology (65% 
Floodplain and alluvium gravel terraces) 


Wyodak 6Da Alternating Sandstone, 
Limestone and Shale - Thin 
Soil 


2 Bedded Sedimentary Rock 100 Based on aquifer and surficial geology 
coverages, Heath (1985) 


Yates 8D Regolith 1 Metamorphic and Igneous 40 Percentage assigned based on surficial 
geology (59% alluvium/colluvium, 42% 
residuum) 


Yates 8E River Alluvium 6 River Valleys and Floodplains 
with Overbank Deposit 


60 Percentage assigned based on surficial 
geology (59% alluvium/colluvium, 42% 
residuum) 


SCL = silty clay loam; SNL = sandy loam; SLT = silt loam.  


Aller, L., T. Bennett, J.H. Lehr, R.J. Perry, and G. Hackett. 1987. DRASTIC: A Standardized System for Evaluating Pollution Potential Using Hydrogeologic 
Settings. EPA-600/2-87-035. U.S. Environmental Protection Agency. Office of Research and Development. Ada, OK. April. 


Heath, R.C. 1985. National Water Summary 1984. State Summaries of Groundwater Resources. Water-Supply Paper 2275. U.S. Geological Survey, Washington, 
DC. 
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Attachment C-3: Climate Center Assignments 
Plant Climate Center Explanation If Not Closest Climate Center 
A B Brown Indianapolis, IN Closest Met Station (Nashville) receives much more precipitation (12.26” out of range) than the site location.  


Used second closest because only slightly below (1.3) expected precipitation range for plant. 
A/C Power- Ace 
Operations 


Las Vegas, NV  


Allen Little Rock, AR  
Alma Madison, WI Closest Met Station (St. Cloud) receives less rain than plant location.  Used second closest Met Station 


because 5-year averages fell within expected precipitation range for the plant. 
Antelope Valley Bismarck, ND  
Arkwright Watkinsville, GA Closest Met Station (Atlanta) receives 6.96” more precipitation than plant location.  Used second closest Met 


Station because 5-year averages are only slightly above (0.2) expected precipitation range for the plant. 
Asheville Knoxville, TN  
Baldwin East St. Louis, IL  
Barry Tallahassee, FL Closest Met Station (New Orleans) receives much more precipitation (5.06” out of range) than the site 


location.  Used second closest because only slightly above (3.4) expected precipitation range for plant. 
Bay Front Madison, WI  
Bay Shore Put-in-Bay, OH  
Belews Creek Greensboro, NC  
Ben French Rapid City, SD  
Big Cajun 2 Lake Charles, LA Closest Met Station (New Orleans) receives much more precipitation (5.06” out of range) than the site 


location.  Used second closest because only slightly below (2.77) expected precipitation range for plant. 
Big Sandy Cincinnati, OH Closest Met Station (Lexington) receives much more precipitation (8.35” out of range) than plant location.  


Used second closest Met Station because 5-year averages fell within expected precipitation range for the 
plant. 


Big Stone St. Cloud, MN  
(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Black Dog Steam Plant Madison, WI Closest Met Station (St Cloud) is dryer (<27.5”) than the 28-33” that the site receives.  Madison fits in 


precipitation range (32.5”) and is second closest. 
Blue Valley Topeka, KS  
Bowen Atlanta, GA  
Brandon Shores Seabrook, NJ  
Buck Greensboro, NC  
Bull Run Knoxville, TN  
C D McIntosh Jr Orlando, FL Closest Met Station (Tampa) receives less precipitation (5.31” out of range) than site location.  Used second 


closest Met Station because 5-year averages fell within expected precipitation range for the plant. 
C P Crane Seabrook, NJ  
Cape Fear Greensboro, NC  
Carbon Salt Lake City, UT  
Cardinal Pittsburgh, PA  
Cayuga Indianapolis, IN  
Chalk Point Seabrook, NJ  
Cholla Phoenix, AZ Closest Met Station (Flagstaff) receives much more precipitation (13.92” out of range) than plant location.  


Used second closest Met Station because 5-year averages were close (.31 higher) than the expected 
precipitation range for the plant. 


Cliffside Greensboro, NC  
Clover Lynchburg, VA  
Coal Creek Bismarck, ND  
Coleto Creek San Antonio, TX  
Colstrip Glasgow, MT  
Conemaugh Pittsburgh, PA  
Conesville Columbus, OH  
Council Bluffs North Omaha, NE  
Crawford East St. Louis, IL  
Crist Tallahassee, FL  


(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Cross Charleston, SC  
Cumberland Nashville, TN  
Dale Lexington, KY  
Dallman East St. Louis, IL  
Dan E Karn East Lansing, MI  
Dan River Greensboro, NC  
Danskammer Bridgeport, CT  
Dave Johnston Cheyenne, WY  
Dickerson Seabrook, NJ  
Dolet Hills Shreveport, LA  
Duck Creek East St. Louis, IL  
Dunkirk Ithaca, NY  
E D Edwards Chicago, IL  
E W Brown Lexington, KY  
Eckert Station East Lansing, MI  
Edgewater Madison, WI  
Elmer W Stout Indianapolis, IN  
F B Culley Indianapolis, IN Closest Met Station (Nashville) receives much more precipitation (12.26” out of range) than plant location.  


Used second closest Met Station because 5-year & 30-year averages fell within expected precipitation range 
for the plant. 


Fayette Power Prj San Antonio, TX  
Flint Creek Columbia, MO Used http://www.weather.com and Envirofacts to determine that avg. precipitation for site was ~47”.  The 


closest Met Station (Tulsa) receives much less (~17”) precipitation per year.  Used second closest station. 
Fort Martin Pittsburgh, PA  
Frank E Ratts Indianapolis, IN  
G G Allen Greensboro, NC  
Gadsden Atlanta, GA  


(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Gallatin Nashville, TN  
Gen J M Gavin Cincinnati, OH Closest Met Station (Columbus) receives less rain than plant location.  Used second closest Met Station 


because 5-year averages fell within expected precipitation range for the plant.  Also average precipitation for 
the second closest Met Station was nearest to http://www.weather.com  


Genoa Madison, WI  
Gibson Indianapolis, IN  
Gorgas Atlanta, GA  
Green River Indianapolis, IN Closest Met Station (Nashville) receives much more precipitation (12.26” out of range) than plant location.  


Used third closest Met Station because 5-year averages fell within expected precipitation range for the plant. 
Greene County Atlanta, GA  
H B Robinson Charleston, SC  
Hammond Atlanta, GA  
Harllee Branch Watkinsville, GA  
Harrison Pittsburgh, PA  
Hatfield’s Ferry Pittsburgh, PA  
Hennepin Chicago, IL  
Heskett Bismarck, ND  
Holcomb Dodge City, KS  
Homer City Pittsburgh, PA  
Hoot Lake St. Cloud, MN  
Hugo Shreveport, LA Closest Met Station (Dallas) receives less precipitation (6.45” out of range) than plant location.  Used second 


closest because only slightly above (2.07) expected precipitation range for plant. 
Hunter Grand Junction, 


CO 
Closest Met Station (Salt Lake City) receives 8.6” more precipitation than plant location.  Used second closest 
Met Station because 5-year averages fell within expected precipitation range for the plant. 


Huntington Cedar City, UT Two closest Met Stations are out of range.  Used second closest Met Station because 5-year averages fell 
within expected precipitation range for the plant. 


Intermountain Ely, NV Closest Met Station (Salt Lake City) receives 6.1” more precipitation than plant location.  Used second closest 
Met Station because 5-year averages fell within expected precipitation range for the plant. 


J H Campbell East Lansing, MI  
(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
J M Stuart Cincinnati, OH  
J R Whiting Put-in-Bay, OH  
Jack McDonough Atlanta, GA  
Jack Watson Tallahassee, FL Closest Met Station (New Orleans) receives much more precipitation (5.06” out of range) than the site 


location.  http://www.weather.com predicted average precipitation at plant location to be 65.2.  Used third 
closest because its average was closest. 


James H Miller Jr Atlanta, GA  
Jim Bridger Lander, WY  
John E Amos Cincinnati, OH The two closest Met Stations are out of the site’s precipitation range.  Used third closest Met Station because 


5-year averages fell within expected precipitation range for the plant.  Also average precipitation for the 
second closest Met Station was nearest to http://www.weather.com average. 


John Sevier Knoxville, TN  
Johnsonville Nashville, TN  
Joliet 29 Chicago, IL  
Keystone Pittsburgh, PA  
Killen Station Cincinnati, OH  
Kingston Knoxville, TN  
Kraft Charleston, SC  
L V Sutton Charleston, SC  
Lansing Madison, WI  
Laramie R Station Cheyenne, WY  
Lawrence EC Topeka, KS  
Lee Greensboro, NC  
Leland Olds Bismarck, ND  
Lon Wright North Omaha, NE  
Louisa Des Moines, IA  
Marion East St. Louis, IL  
Marshall Greensboro, NC  


(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Martin Lake Shreveport, LA  
Mayo Lynchburg, VA  
Meramec East St. Louis, IL  
Merom Indianapolis, IN  
Miami Fort Cincinnati, OH  
Milton R Young Bismarck, ND  
Mitchell - PA Pittsburgh, PA  
Mitchell - WV Pittsburgh, PA  
Mohave Las Vegas, NV  
Monroe Put-in-Bay, OH  
Morgantown Norfolk, VA  
Mountaineer (1301) Cincinnati, OH Closest Met Station (Columbus) receives more rain than plant location.  Although second closest site also 


falls within range, used third closest Met Station because site geography was similar and the station’s 5-year 
averages fell within expected precipitation range for the plant.  


Mt Storm Pittsburgh, PA  
Muscatine Plant #1 Des Moines, IA  
Muskogee Tulsa, OK  
Neal North North Omaha, NE  
Neal South North Omaha, NE  
Nebraska City North Omaha, NE  
New Castle Pittsburgh, PA  
Newton Indianapolis, IN Closest Met Station (East St. Louis) receives less rain than plant location.  Used second closest Met Station 


because 5-year averages fell within expected precipitation range for the plant.  Also average precipitation for 
the second closest Met Station was nearest to http://www.weather.com 


North Omaha North Omaha, NE  
Northeastern Tulsa, OK  
Nucla Grand Junction, 


CO 
 


(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Oklaunion Oklahoma City, 


OK 
 


Paradise Cincinnati, OH Closest Met Station (Nashville) receives much more precipitation (12.26” out of range) than plant location.  
Used third closest Met Station because 5-year averages fell within expected precipitation range for the plant. 


Petersburg Indianapolis, IN  
Pleasant Prairie Chicago, IL  
Port Washington Madison, WI  
Portland Philadelphia, PA  
Possum Point Norfolk, VA  
Potomac River Seabrook, NJ  
Presque Isle Sault Ste. Marie, 


MI 
 


R Gallagher Cincinnati, OH Closest Met Station (Lexington) receives much more precipitation (8.35” out of range) than plant location.  
Used second closest Met Station because 5-year & 30-year averages fell within expected precipitation range 
for the plant. 


R M Schahfer Chicago, IL  
Reid Gardner Las Vegas, NV  
Richard Gorsuch Columbus, OH  
Riverbend Greensboro, NC  
Rodemacher Lake Charles, LA  
Roxboro Greensboro, NC  
Sandow San Antonio, TX  
Scherer Watkinsville, GA Closest Met Station (Atlanta) receives 6.96” more precipitation than plant location.  Used second closest Met 


Station because 5-year averages fell within expected precipitation range for the plant. 
Shawnee East St. Louis, IL  
Shawville Pittsburgh, PA  
Sheldon North Omaha, NE  


(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
South Oak Creek Chicago, IL  
Springerville Albuquerque, NM Closest Met Station (Flagstaff) receives much more precipitation (8.92” out of range) than plant location.  


Used second closest Met Station because 5-year averages were within the expected precipitation range for the 
plant. 


St Johns River Power Jacksonville, FL  
Stanton Energy Ctr Orlando, FL  
Stockton Cogen Company Sacramento, CA  
Syl Laskin St. Cloud, MN  
Tecumseh EC Topeka, KS  
Texas-New Mexico San Antonio, TX Closest Met Station (Dallas) received less precipitation than site location.  Used second closest Met Station 


because 5-year averages fell within expected precipitation range for the plant.  Also average precipitation for 
the second closest Met Station was nearest to http://www.weather.com 


Titus Philadelphia, PA  
Trimble County Cincinnati, OH  
Tyrone Lexington, KY  
Valley Madison, WI  
Vermilion Chicago, IL Closest Met Station (Indianapolis) receives more precipitation than plant location.  Used second closest Met 


Station because 5-year averages fell within expected precipitation range for the plant. 
Victor J Daniel Jr Tallahassee, FL Closest Met Station (New Orleans) receives much more precipitation (5.06” out of range) than the site 


location.  Used second closest because only slightly above (3.4) expected precipitation range for plant. 
W A Parish Shreveport, LA 2 Closest Met Stations (Lake Charles & San Antonio) are more than 4” out of range.  Used third closest 


because only slightly above (1.65”) expected precipitation range for plant. 
W H Weatherspoon Greensboro, NC  
W S Lee Watkinsville, GA  
Wabash River Indianapolis, IN  
Walter C Beckjord Cincinnati, OH  
Wansley Atlanta, GA  
Warrick Indianapolis, IN Closest Met Station (Nashville) receives 12.2” more precipitation than plant location.  Used second closest 


Met Station because 5-year averages fell within expected precipitation range for the plant. 
(continued)
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Climate Center Assignments (continued) 
Plant Climate Center Explanation If Not Closest Climate Center 
Waukegan Chicago, IL  
Weston Madison, WI  
Widows Creek Nashville, TN  
Will County East St. Louis, IL  
Wyodak Rapid City, SD  
Yates Atlanta, GA  
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Attachment C-4: Waterbody Assignments and Flow 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


A B Brown 05140202014 OHIO R Regular Reach 9167.38965 150031.6875
A/C Power- Ace Operations 18090205005 SEARLES L Lake Shoreline   
Allen 08010211007 HORN LAKE CUTOFF Lake Shoreline   
Alma 07040003009 MISSISSIPPI R Regular Reach 5683.02002 25397.4707
Antelope Valley 10130201005 ANTELOPE CR Start Reach 0 96.87
Arkwright 03070103007 OCMULGEE R Regular Reach 428.79999 2708.53003
Asheville 06010105026 FRENCH BROAD R Regular Reach 412.04999 1722.34998
Baldwin 07140204004 KASKASKIA R Regular Reach 351.72 3832.12012
Barry 03160204014 MOBILE R Regular Reach 7561.14014 63275.23828
Bay Front 07070005036 L SUPERIOR Great Lakes Shoreline   
Bay Shore 04100010003 L ERIE, U.S. SHORE Great Lakes Shoreline 0 0
Belews Creek 03010103098 BELEWS L Lake Shoreline   
Ben French 10120110010 CASTLE CR Start Reach 2.96 18.62
Big Cajun 2 08070100005 MISSISSIPPI R Regular Reach 100937.8125 466865.5625
Big Sandy 05070204008 BIG SANDY R Regular Reach 152.02 5746.95996
Big Stone 07020001033 BIG STONE LAKE Lake Shoreline   
Black Dog Steam Plant 07020012001 BLACK DOG LAKE Lake Shoreline   
Blue Valley 10300101034 LITTLE BLUE R Regular Reach 23.2 141.75
Bowen 03150104008 ETOWAH R Regular Reach 413.13 2294.86011
Brandon Shores 02060003037 CURTIS BAY Coastal Shoreline 0 0
Buck 03040103040 YADKIN R Regular Reach 912.72998 4722.54004
Bull Run 06010207015 CLINCH R Regular Reach 102.46 4732.3501
C D McIntosh Jr 03100205014 NO LAKE PARKER Lake Shoreline   


(continued)
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Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


C P Crane 02060003025 CURTIS BAY Coastal Shoreline 0 0
Cape Fear 03030002001 HAW R Regular Reach 58.98 1584.83997
Carbon 14060007018 PRICE R Regular Reach 1.92 77
Cardinal 05030106033 OHIO R Regular Reach 3391.62012 37533.17188
Cayuga 05120108001 WABASH R Regular Reach 965.09003 10100.21973
Chalk Point 02060006009 PATUXENT R Wide-River Shoreline 0 0
Cholla 15020008017 CHOLLA COOLING POND Lake Shoreline   
Cliffside 03050105031 BROAD R Regular Reach 332.17001 1510.08997
Clover 03010102027 ROANOKE R Regular Reach 408.64001 2702.59009
Coal Creek 10130101018 UNKNOWN LAKE Lake Shoreline   
Coleto Creek 12100303014 MARCELINAS CR Start Reach 1.11 3.79
Colstrip 10100001108 ARMELLS CR, E FK Start Reach 0 18.64
Conemaugh 05010007002 CONEMAUGH R Regular Reach 194.53999 1553.52002
Conesville 05040004071 MUSKINGUM R Regular Reach 447.98001 4707.08008
Council Bluffs 10230006004 MISSOURI R Regular Reach 4402.58984 31444.83008
Crawford 07130011018 ILLINOIS R Regular Reach 3444.66992 20788.71094
Crist 03140305001 ESCAMBIA R Terminal Reach 845.46002 6772.5498
Cross 03050201022 DIVERS CANAL TO LAKE MOU Lake Shoreline   
Cumberland 05130205017 CUMBERLAND R Regular Reach 536.47998 25322.66016
Dale 05100205047 KENTUCKY R Regular Reach 35.32 5213.06982
Dallman 07130007003 LAKE SPRINGFIELD Lake Shoreline   
Dan E Karn 04080103005 L HURON U.S. SH SAGINAW BAY Great Lakes Shoreline 0 0
Dan River 03010103014 DAN R Regular Reach 358.12 1954.15002
Danskammer 02020008022 HUDSON R Wide-River Shoreline 0 0
Dave Johnston 10180007005 N PLATTE R Regular Reach 65.24 502.87
Dickerson 02070008013 POTOMAC R Regular Reach 895.57001 10528.36035
Dolet Hills 11140206019 BAYOU PIERRE LAKE Lake Shoreline   


(continued)
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Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


Duck Creek 07130003010 L CHAUTAUQUA Lake Shoreline   
Dunkirk 04120101003 L ERIE, U.S. SHORE Great Lakes Shoreline 0 0
E D Edwards 07130003018 ILLINOIS R Regular Reach 2998.32007 13899.62988
E W Brown 05100205015 HERRINGTON LAKE Lake Shoreline   
Eckert Station 04050004003 GRAND R Regular Reach 73.47 484.28
Edgewater 04030101002 L MICHIGAN Great Lakes Shoreline 0 0
Elmer W Stout 05120201005 WHITE R Regular Reach 70.17 1429.92004
F B Culley 05140201001 OHIO R Regular Reach 8728.7002 131543.0625
Fayette Power Prj 12090301003 CEDAR CREEK RESERVOIR Lake Shoreline   
Flint Creek 11110103031 SWEPCO RSRVR,LT FLINT CK Lake Shoreline   
Fort Martin 05020003001 MONONGAHELA R Regular Reach 293.66 4497.75
Frank E Ratts 05120202003 WHITE R Regular Reach 343.59 11525.13965
G G Allen 03050101009 CATAWBA R Regular Reach 462.92001 2958.09009
Gadsden 03150106041 COOSA R Regular Reach 1096.10999 9468
Gallatin 05130201006 OLD HICKORY L Lake Shoreline   
Gen J M Gavin 05030202005 OHIO R Regular Reach 4258.12012 55143.35938
Genoa 07060001017 MISSISSIPPI R Regular Reach 6434.18018 29379.25
Gibson 05120113013 WABASH R Regular Reach 2247.6001 26799.73047
Gorgas 03160109002 BLACK WARRIOR R, MULBERRY F Lake Shoreline   
Green River 05110003001 GREEN R Regular Reach 320.06 9752
Greene County 03160113011 BLACK WARRIOR R Regular Reach 304.73001 9820.04004
H B Robinson 03040201042 L ROBERTSON Lake Shoreline   
Hammond 03150105025 COOSA R Regular Reach 1196.82996 6569.95996
Harllee Branch 03070101006 L SINCLAIR Lake Shoreline   
Harrison 05020002008 WEST FORK R Regular Reach 33.03 1038.32996
Hatfield's Ferry 05020005026 MONONGAHELA R Regular Reach 479.79999 8278.94043
Hennepin 07130001026 ILLINOIS R Regular Reach 3233.23999 13146.83984


(continued)
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Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


Heskett 10130101001 MISSOURI R Regular Reach 3461.55005 22744.26953
Holcomb 11030001001 ARKANSAS R Regular Reach 0 197.92999
Homer City 05010007015 TWO LICK CR Regular Reach 4.53 295.22
Hoot Lake 09020103002 OTTER TAIL R Regular Reach 12.45 271.35999
Hugo 11140105041 KIAMICHI CR, N FK Start Reach 2.55 53.16
Hunter 14060009034 ROCK CANYON CR Start Reach 0 0.1
Huntington 14060009020 HUNTINGTON CR Regular Reach 10.75 91.1
Intermountain  none  0 0
J H Campbell 04050002001 L MICHIGAN Great Lakes Shoreline 0 0
J M Stuart 05090201024 OHIO R Regular Reach 6767.47021 92214.6875
J R Whiting 04100001002 L ERIE, U.S. SHORE Great Lakes Shoreline 0 0
Jack McDonough 03130002044 CHATTAHOOCHEE R Regular Reach 726.45001 2952.18994
Jack Watson 03170009034 BILOXI BAY Coastal Shoreline 0 0
James H Miller Jr 03160111005 BLACK WARRIOR R, LOCUST FK Lake Shoreline   
Jim Bridger 14040105011 UNKNOWN LAKE Lake Shoreline   
John E Amos 05050008007 KANAWHA R Regular Reach 1390.22998 14930.83984
John Sevier 06010104011 HOLSTON R Regular Reach 633 4079.15991
Johnsonville 06040005007 KENTUCKY L Lake Shoreline   
Joliet 29 07120004004 DES PLAINS R Regular Reach 1029.93005 3809.69995
Keystone 05010006002 CROOKED CR Regular Reach 30.72 422.14999
Killen Station 05090201024 OHIO R Regular Reach 6767.47021 92214.6875
Kingston 06010207001 CLINCH R Regular Reach 266.35999 7347.89014
Kraft 03060109007 SAVANNAH R Regular Reach 3570.52002 12365
L V Sutton 03030005011 CAPE FEAR R Regular Reach 619.95001 8594.57031
Lansing 07060001009 MISSISSIPPI R Regular Reach 7684.02002 32253.15039
Laramie R Station 10180011002 LARAMIE R Regular Reach 28.53 90.8
Lawrence EC 10270104021 KANSAS R Regular Reach 403.81 6720.29004


(continued)
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Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


Lee 03020201007 NEUSE R Regular Reach 76.18 1657.39001
Leland Olds 10130101020 MISSOURI R Regular Reach 4270.4502 21650.67969
Lon Wright 10220003048 RAWHIDE CR Start Reach 0.94 11.59
Louisa 07080101003 MISSISSIPPI R Regular Reach 15067.92969 54665.96094
Marion 05140204030 L OF EGYPT Lake Shoreline   
Marshall 03050101015 L NORMAN Lake Shoreline   
Martin Lake 12010002050 MARTIN LAKE Lake Shoreline   
Mayo 03010104045 MAYO CR Start Reach 5.99 61.03
Meramec 07140101014 MISSISSIPPI R Regular Reach 33305 177021.1875
Merom 05120111011 TURTLE CR RESERVOIR Lake Shoreline   
Miami Fort 05090203012 OHIO R Regular Reach 6516.18994 98615.0625
Milton R Young 10130101024 NELSON LAKE AND MISSOURI RIVER Lake Shoreline   
Mitchell - PA 05020005002 MONONGAHELA R Regular Reach 848.58002 9284.13965
Mitchell - WV 05030106013 OHIO R Regular Reach 3419.20996 38713.19922
Mohave 15030101011 COLORADO R Regular Reach 1916.72998 12134.36035
Monroe 04100001002 L ERIE, U.S. SHORE Great Lakes Shoreline 0 0
Morgantown 02070011051 POTOMAC R Wide-River Shoreline 0 0
Mountaineer (1301) 05030202008 OHIO R Regular Reach 4242.58984 54823.21094
Mt Storm 02070002027 STONY R RES Lake Shoreline   
Muscatine Plant #1 07080101005 MISSISSIPPI R Regular Reach 14573.71973 54469.48047
Muskogee 11110102012 ARKANSAS R Regular Reach 227.57001 21258.39062
Neal North 10230001021 MISSOURI R Regular Reach 4217.7998 29486.82031
Neal South 10230001021 MISSOURI R Regular Reach 4217.7998 29486.82031
Nebraska City 10240001002 MISSOURI R Regular Reach 5807.77002 36764.01172
New Castle 05030104002 BEAVER R Regular Reach 268.48001 2425.32007
Newton 05120114006 NEWTON LAKE Lake Shoreline   
North Omaha 10230006009 MISSOURI R Regular Reach 4365.6499 31400.93945


(continued)







 
Appendix C


 
Attachm


ent C
-4: W


aterbody Assignm
ents and Flow


 


 
C


-4-6 


Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


Northeastern 11070105012 VERDIGRIS R Regular Reach 3.85 2168.47998
Nucla 14030003012 SAN MIGUEL R Regular Reach 8.1 307.64001
Oklaunion 11130302061 BOGGY CR Start Reach 0.09 14.93
Paradise 05110003003 GREEN R Regular Reach 316.59 9663.71973
Petersburg 05120202003 WHITE R Regular Reach 343.59 11525.13965
Pleasant Prairie 07120004012 L MICHIGAN AND J Lake Shoreline   
Port Washington 04030101002 L MICHIGAN Great Lakes Shoreline 0 0
Portland 02040105012 DELAWARE R Regular Reach 1995.12 9089.00977
Possum Point 02070011074 POTOMAC R Wide-River Shoreline 0 0
Potomac River 02070010025 POTOMAC R Artificial Open Water Reach 919.89001 11721.87988
Presque Isle 04020105002 L SUPERIOR, U.S. SHORE Great Lakes Shoreline 0 0
R Gallagher 05140101001 OHIO R Regular Reach 7634.39014 119152.1875
R M Schahfer 07120001012 KANAKEE R Regular Reach 458.92001 1410.56006
Reid Gardner 15010012006 MUDDY R Regular Reach 0.68 19.22
Richard Gorsuch 05030202039 OHIO R Regular Reach 4079.81006 48956.14062
Riverbend 03050101012 CATAWBA R Regular Reach 412.28 2623.09009
Rodemacher 11140207020 RODEMACHER LAKE Lake Shoreline   
Roxboro 03010104034 HYCO L Lake Shoreline   
Sandow 12070102012 ALCOA LAKE Lake Shoreline   
Scherer 03070103012 OCMULGEE R Start Reach 655.48999 2490.72998
Shawnee 05140206009 OHIO R Regular Reach 21748.59961 288452.1875
Shawville 02050201002 SUSQUEHANNA R, W BR Regular Reach 96.9 1947.33997
Sheldon 10240008030 UNKNOWN LAKE Lake Shoreline   
South Oak Creek 04040002004 L MICHIGAN Great Lakes Shoreline 0 0
Springerville 15020002025 *A Start Reach 0 2.49
St Johns River Power 03080103003 ST JOHNS R Wide-River Shoreline 0 0
Stanton Energy Ctr 03080101036 ECOHLOCKHATCHEE R Start Reach 5.95 131.42999


(continued)







 
Appendix C


 
Attachm


ent C
-4: W


aterbody Assignm
ents and Flow


 


 
C


-4-7 


Waterbody Assignments and Flow (continued) 
Plant CUSEG Nearest Reach Reach_Type QLOW QMEAN 


Stockton Cogen Company 18040002005 LITTLEJOHNS CR Start Reach 0.21 50.61
Syl Laskin 04010201034 COLBY L AND PARTRIDGE R Lake Shoreline   
Tecumseh EC 10270102003 KANSAS R Regular Reach 388.51999 5923.74023
Texas-New Mexico 12070101008 LITTLE BRAZOS R Start Reach 0.55 139.05
Titus 02040203010 SCHUYLKILL R Regular Reach 91.25 1880.77002
Trimble County 05140101007 OHIO R Regular Reach 7524.29004 117896.3125
Tyrone 05100205013 KENTUCKY R Regular Reach 154.36 7097.54004
Valley 04040003001 MILWAUKEE R Terminal Reach 10.71 540.60999
Vermilion 05120109006 VERMILION R, M FK Regular Reach 3.45 340.35999
Victor J Daniel Jr 03170006007 PASCAGOULA R Regular Reach 1256.55005 12878.25
W A Parish 12070104021 SMITHERS L Lake Shoreline   
W H Weatherspoon 03040203016 LUMBER R Regular Reach 97.9 865.13
W S Lee 03050109066 SALADA R Regular Reach 20.68 461.51001
Wabash River 05120111018 WABASH R Regular Reach 985.53998 10551.67969
Walter C Beckjord 05090201001 OHIO R Regular Reach 6416.77002 92084.0625
Wansley 03130002032 CHATTAHOOCHEE R Regular Reach 702.71002 4400.72021
Warrick 05140201022 LITTLE PIGEON CR Regular Reach 61.57 1149.60999
Waukegan 04040002002 L MICHIGAN Great Lakes Shoreline 0 0
Weston 07070002023 WISCONSIN R Regular Reach 1069.30005 3484.32007
Widows Creek 06030001049 TENNESSEE R Regular Reach 7221.95996 38237.07031
Will County 07110009002 WOOD R Start Reach 29 87.81
Wyodak 10120201038 DONKEY CR Start Reach 0 4.4
Yates 03130002061 CHATTAHOOCHEE R Regular Reach 702.21997 4063.29004
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Appendix D. MINTEQA2 Nonlinear Sorption Isotherms 


D.1 Overview of MINTEQA2 Modeling 


Chemicals in leachate can be subject to complex geochemical interactions in soil and 
groundwater, which can strongly affect their rate of transport in the subsurface. The U.S. 
Environmental Protection Agency’s Composite Model for Leachate Migration with 
Transformation Products (EPACMTP) treats these interactions as equilibrium sorption processes. 
The equilibrium assumption means that the sorption process occurs instantaneously, or at least 
very quickly relative to the time scale of constituent transport. Although sorption—or the 
attachment of leachate constituents to solid soil or aquifer particles—may result from multiple 
chemical processes, EPACMTP lumps these processes together into an effective soil-water 
partition coefficient (Kd). The retardation factor (R) accounts for the effects of equilibrium 
sorption of dissolved constituents onto the solid phase. R, a function of the constituent-specific 
Kd and the soil or aquifer properties, is calculated as: 


 
Φ


ρ
1 db K


R
×


+=  (D-1) 


where 


 R = Retardation factor 
 Db  = Soil or aquifer bulk density (mg) 
 Kd = Solid-water partition coefficient (g/cm3) 
 N = Water content (in unsaturated zone) or porosity (in saturated zone). 


An isotherm is an expression of the equilibrium relationship between the aqueous 
concentration and the sorbed concentration of a metal (or other constituent) at a constant 
temperature. For metals, EPACMTP accounts for more complex geochemical reactions by using 
effective sorption isotherms generated using EPA’s geochemical equilibrium speciation model 
for dilute aqueous systems, MINTEQA2 (U.S. EPA, 1991). 


The MINTEQA2 model is used to generate one set of isotherms for each metal reflecting 
the range in geochemical environments expected at waste sites across the nation. The variability 
in geochemical environments at coal combustion waste (CCW) sites across the country is 
represented by five geochemical master variables (groundwater composition, pH, concentration 
of iron oxide adsorption sites, leachate ionic strength, and concentration of dissolved and 
particulate natural organic matter), and the MINTEQA2 modeling is repeated (separately for 
each metal) for numerous combinations of master variable settings. This procedure results in 
nonlinear Kd versus aqueous metal concentration curves for combinations of master variable 
settings spanning the range of reasonable values (U.S. EPA 2003a). 
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For each metal, the resulting set of isotherms is tabulated into a supplementary input data 
file for use by the EPACMTP model, hereafter referred to as an “empirical nonlinear isotherm.” 
In the fate and transport modeling for a particular metal, EPACMTP is executed and the national 
probability distributions for these five master variables form the basis for the Monte Carlo 
selection of the appropriate adsorption isotherm.  


In modeling metals transport in the unsaturated zone, EPACMTP uses a range of Kd 
values from the nonlinear sorption isotherms. However, in modeling metals transport in the 
saturated zone, EPACMTP selects the lowest from all available Kd values corresponding to 
concentrations less than or equal to the maximum water table concentration. For more details see 
the EPACMTP Technical Background Document (U.S. EPA, 2003b).  


This simplification in the saturated zone is required for all solution options and is based 
on the assumption that after dilution of the leachate plume in groundwater, the concentrations of 
metals will typically be in a range where the isotherm is approximately linear. However, this 
assumption may not be valid when the metal concentrations in the leachate are exceedingly high. 
Although EPACMTP is able to account for the effect of the geochemical environment at a site on 
the mobility of metals, the model assumes that the geochemical environment at a site is constant 
and not affected by the presence of the leachate plume. In reality, the presence of a leachate 
plume may alter the ambient geochemical environment.  


D.2 Previous CCW Metals Modeling Effort 


In a previous risk assessment for fossil fuel combustion wastes (FFCWs) conducted in 
1998 (U.S. EPA, 1998), sorption isotherms generated using MINTEQA2 were used in 
EPACMTP to account for metal partitioning. However, these isotherms were not calculated 
specifically for use in FFCW modeling—they had been computed using MINTEQA2 in 1995 for 
use in modeling support for the Hazardous Waste Identification Rule (HWIR).  


The disposal scenario for HWIR was the industrial Resource Conservation and Recovery 
Act (RCRA) Subtitle D nonhazardous waste landfill. In fact, the MINTEQA2 modeling that 
produced the isotherms had originally been designed to represent municipal solid waste landfills, 
and leachate from those landfills had been sampled so that appropriate forms of leachate organic 
acids at various concentrations could be included in the modeling. For the HWIR analysis, the 
scenario was changed to industrial Subtitle D, and only the isotherms corresponding to low 
concentrations of the leachate organic acids were used for HWIR modeling. The same isotherms 
were used in the 1998 FFCW risk assessment. As in the HWIR modeling, only the isotherms 
corresponding to the lowest setting of leachate organic carbon were used. 


In 1999, EPA received review comments concerning the use of the industrial Subtitle D 
metal partitioning isotherms in the 1998 risk assessment. The most comprehensive review was 
prepared by Charles Norris and Christina Hubbard on behalf of the Environmental Defense Fund 
and other environmental advocacy groups (Norris and Hubbard, 1999). The Norris and Hubbard 
report criticized the 1998 risk assessment for using MINTEQA2 isotherms designed for a 
different scenario (nonhazardous industrial landfills). Norris and Hubbard also offered 20 
specific criticisms on the input parameters and other factors involved in the MINTEQA2 
modeling. EPA responded by evaluating each of these criticisms through review and assessment 
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of MINTEQA2 input values, model sensitivity tests, and consultations with experts. This review 
is documented in U.S. EPA (2000, 2001a). The evaluation of the Norris and Hubbard comments 
resulted in suggested revisions in the MINTEQA2 modeling strategy, as described in U.S. EPA 
(2001b).  


Based on a review of available information on CCW leachate composition and an 
analysis of the potential effects of this composition on metals mobility, EPA (U.S. EPA, 2001b) 
also determined that if MINTEQA2 is to be used at CCW sites, leachate from CCW facilities 
should be studied to look for trends in composition, especially with regard to the concentrations 
of constituents that may 


 Contribute to elevated groundwater pH 


 Compete with the contaminant metal for sorption sites and thus result in reduced metal 
sorption (e.g., Ca, Mg, SO4, other metals) 


 Complex with the contaminant metal so that the metal is less likely to be sorbed (e.g., 
SO4, CO3, organic ligands) 


 Precipitate with the contaminant metal (e.g., SO4, CO3). 


D.3 MINTEQA2 Modeling Revisions for CCW Risk Assessment 


Many of the suggested revisions from U.S. EPA (2001b) were implemented in the 
MINTEQA2 modeling for the current CCW risk assessment. Some of the suggested revisions 
were not implemented, either because they are not applicable (e.g., organic carbon assumptions 
should not be changed because CCW leachate has negligible organic carbon) or because models 
or data were not adequate to carry forth the recommendation. These revisions are discussed in 
greater detail in U.S. EPA (2003c).  


In addition to revising the MINTEQA2 model, EPA compiled leachate characteristics 
into the CCW constituent database (see Appendix A) and statistically analyzed these data to 
identify three chemically distinct CCW leachate types: conventional CCW (including ash and 
flue gas desulfurization [FGD] sludge), codisposed CCW and coal cleaning wastes, and fluidized 
bed combustion (FBC) waste. Leachate concentration ranges for major ions (e.g., Ca, SO4, Mg, 
Na, Cl, etc.) and pH were developed for each of these waste types and were used to represent 
CCW leachate during MINTEQA2 modeling.  


As needed, sorption reactions were included for those CCW constituents known to 
undergo significant sorption. Including elevated concentrations of leachate constituents and their 
corresponding sorption reactions in the MINTEQA2 model allows for full competition with the 
contaminant metal for sorption sites. The metal solubilizing effect through complexation 
between the contaminant metal and dissolved ligands is also included, as is the potential for 
metal precipitation. Because precipitation of the metal can serve to attenuate the transportable 
concentration, the equilibrium fraction in all three phases (dissolved, sorbed, and precipitated) 
were stored and made available for use by EPACMTP. The precipitated fraction was used to 
develop a solubility limit that was used during EPACMTP modeling (U.S. EPA, 2003c). 
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D.4 MINTEQA2 Modeling for CCW Risk Assessment 


The expected natural variability in Kd for a particular metal was represented during the 
MINTEQA2 modeling effort by varying the input parameters that most impact Kd: groundwater 
type (carbonate or noncarbonate), pH, concentration of aquifer sorbents, composition and 
concentration level of CCW leachate, and concentration of the contaminant metal. The natural 
pH range for the two groundwater types was sampled from a range of 7 to 8 for carbonate 
aquifers and 4 to 10 for noncarbonate aquifers (U.S. EPA, 2003c).   


In addition, CCW leachate ranges from acidic (pH < 2) to highly alkaline (pH > 12) and 
can impact vadose zone and groundwater pH. To account for this possibility, the CCW leachate/ 
groundwater system was equilibrated at a series of pH values that span the range of expected 
variability in mixed CCW leachate-groundwater systems (U.S. EPA, 2003c).  


To account for the variability in the sorption capacity of soil and aquifer materials, the 
soil and groundwater systems were equilibrated with various concentrations of two commonly 
occurring natural sorbents: ferric (iron) oxyhydroxide (FeOx) and particulate organic matter 
(POM). CCW leachate can include elevated concentrations of inorganic constituents such as 
calcium, sulfate, sodium, potassium, and chloride, which may reduce sorption of metals due to 
competition for sorption sites or complexation with metals in solution. To account for this effect, 
these leachate components were added to the MINTEQA2 model inputs at concentrations 
representative of the three CCW waste types (conventional CCWs, codisposed CCW and coal 
cleaning wastes, and FBC wastes). This new MINTEQA2 master variable is termed leachate 
“richness” or ionic strength (U.S. EPA, 2003c). 


The results of each MINTEQA2 model run were compiled as the equilibrium distribution 
of the contaminant metal among dissolved, sorbed, and precipitated fractions for each metal 
concentration, and were saved in a separate file indexed with the settings of all variables used to 
define the system. These files were produced for all possible values for the variables defining the 
system, and were compiled into a database of indexed Kd values for use in the EPACMTP fate 
and transport model (U.S. EPA, 2003c). 


D.5 EPACMTP Modeling Revisions to Accommodate MINTEQA2 Updates 


EPA updated EPACMTP to support the new system variable (leachate ionic strength) for 
isotherm selection, to address issues regarding the impacts of leachate pH on ambient soil and 
aquifer pH, and to address issues regarding solubility limits for metals in solution. A brief 
description of these model changes are discuss below, with more detail provided in U.S. EPA 
(2003d). 


Ionic Strength. A new system or “master” variable was added to include ionic strength 
as a key for choosing the representative isotherm from the database for both the unsaturated and 
saturated zones. 


Leachate Effects on Geochemical Environment. These effects were addressed in 
EPACMTP under the following constraints: (1) no significant impairment of the computational 
efficiency for probabilistic applications; (2) data requirements limited to readily available data; 
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and (3) a scientifically defensible approach, given significant uncertainties with respect to the 
true impacts of leachate pH on the subsurface. Two modifications to the EPACMTP were 
considered: (1) determine the governing pH in the soil column (either the pH of the leachate or 
the native soils); and (2) determine the pH of the saturated zone as a result of the infiltrating 
leachate. 


The approach selected for determining the governing pH of the soil column (vadose 
zone) beneath the waste management unit (WMU) compares the operational life of the WMU 
(the duration of leaching) to an estimate of the first arrival time of the contaminant front at the 
water table (a surrogate for the residence time of the contaminant in the soil column). If the 
operational life of the WMU is relatively long compared to the time required for the contaminant 
to migrate to the water table, there is a high likelihood that the leachate permeates the soil 
column and that the pH environment is governed by the leachate.  


Conversely, a relatively short operational life and retarded contaminant migration would 
favor ambient soil pH conditions. An analysis of the relationship between operational life and 
travel time indicated that a ratio of approximately 5 (operational life over travel time) would, in 
many cases, result in a balanced selection of cases where leachate pH governs versus cases 
where soil pH governs over approximately 10,000 Monte Carlo iterations.  


For each iteration of EPACMTP, the operational life was compared to a travel-time 
estimate based on a Kd averaged from isotherms selected based on the leachate pH and soil pH. 
If the ratio was greater than 5, the pH of the leachate was assumed to govern, and the pH of the 
leachate was used to select the isotherm for transport in the unsaturated zone. If the ratio was less 
than 5, the soil pH was used to select the isotherm. 


In the saturated zone, the impacts of leachate pH were handled using a simple 
homogeneous mixing calculation. The volume of leachate released from the WMU was mixed 
with the volume of the aquifer that was likely to be impacted by a plume. The resulting mixed 
pH was used to select the isotherm for transport in the saturated zone with one limitation: in 
carbonate environments, the mixed pH in the aquifer was not allowed to drop below a pH of 6. 
Such acid conditions would likely result in significant dissolution of the soil matrix. 


Metal Solubility Limits. As mentioned above, each sorption isotherm comprises 
equilibrium concentrations of the three contaminant phases (dissolved, sorbed, and precipitated) 
over a range of total concentration values. An examination of the change in the dissolved-phase 
concentrations relative to changes in the total concentration in any isotherm reveals solubility 
behavior for that contaminant: if the dissolved component does not change with increasing total 
concentration, a solubility limit has been achieved. If, however, the dissolved component 
increases along with the total concentration, then there is capacity for more dissolved mass in the 
groundwater or soil porewater. 


EPACMTP uses this information (contained in each isotherm file) to determine if a 
solubility limit should be imposed in the saturated zone. Once an isotherm has been selected 
(after pH considerations have been addressed), the equilibrium states corresponding to the three 
highest total concentrations are examined. If the dissolved concentration changes more than one 
tenth of one percent over the last three points, then EPACMTP assumes there is no solubility 
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limit. If the change in dissolved concentration is less than one tenth of one percent, EPACMTP 
assumes a solubility limit has been reached and caps the concentration of the leachate entering 
the saturated zone at the water table to that limit. 
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Appendix E. Surface Water, Fish Concentration, and 
Contaminant Intake Equations 


This appendix presents the equations used to model surface water and fish concentrations 
and intake of drinking water and fish.  These equations are presented in the following 
attachments:  


 Attachment E-1 provides the equations comprising the surface water equilibrium 
partitioning model, including equations that estimate steady state concentrations in 
the water column (dissolved and total) and sediments. 


 Attachment E-2 provides the equations that use bioconcentration factors (BCFs) to 
calculate fish tissue concentrations from total. 


 Attachment E-3 provides the equations used to calculate daily contaminant intake 
rates from drinking water and fish consumption. 


E.1 Aluminum Surface Water Precipitation 
 
 Because the fate and transport of aluminum is controlled more by solubility than by 
sorption in surface water, the surface water model includes algorithms to estimate aluminum 
concentrations in the water column and sediments by accounting for precipitation and fallout of 
aluminum in the water column. These calculations proceed in a stepwise fashion, as follows. 
 
 Step 1. Initially, assume all influent aluminum is dissolved in the water column. 
 
  Fraction in water column (fwater) = 1 
  Fraction in sediment layer (fbenth) = 0 
  Fraction dissolved (fd) = 1 
 
Total water column concentration (Cwctot) = dissolved water column concentration (Cwd). 
   
 Step 2. Compare the dissolved water column concentration (Cwd) to the maximum 
soluble concentration (Csol) calculated in MINTEQA2 for the waterbody pH (see Section 3.5.4, 
Table 3-6 for aluminum solubilities and Appendix C, Section C.6.3, Table C-11 for waterbody 
pH). 
 
 Step 3. If the dissolved water concentration (Cwd) is greater than the solubility limit 
(Csol), reset the dissolved water concentration to the solubility limit, and precipitate and settle 
out the excess aluminum to the benthic sediment layer.  
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If Cwctot > Csol, then    
 Fwater = Csol / Cwctot 
 Fbenth = (Cwctot - Csol) / Cwctot 
 Cwbs = (Cwctot - Csol) * dwc / db 
 Cwtot = Cwctot * dwc / dz 
 Cdw = Csol 
 Cwctot = Csol 
Else 
 Cdw = Cwctot 
 Cwbs = 0 
 Cwtot = Cwctot * rsParam!dwc / rsParam!dz 
End If 
 
where: 
 
 Cdw = issolved waterbody concentration 
 Csol = maximum soluble concentration 
 Cwbs = total concentration in bed sediment 
 Cwtot = total waterbody concentration from loading 
 db = depth of the upper benthic layer 
 dwc = depth of the water column 
 dz = depth of the waterbody 
 fbenth = fraction in sediment layer 
 fd = fraction dissolved  
 fwater = fraction in water column  
 







Table E-1-1.  Fraction of Contaminant in Water Column (unitless)


Name Description Value
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000001.01


000001.01  


bsc Bed sediment particle concentration  (g/cm^3) or (kg/L) 1


bsp Bed sediment porosity  (cm^3/cm^3) 0.6


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated


Sedment-water partition coefficient  (mL/g)Kdbs Chemical Data;  See Section 3


Suspended sediment-water partition coefficient  (mL/g)Kdsw Chemical Data;  See Section 3


Total suspended solids  (mg/L)TSS Site Data;  See Appendix C


0.000001 Conversion factor  (L/ml)(g/mg)
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Table E-1-2.  Fraction of Contaminant in Benthic Sediments (unitless)


Name Description Value
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bsc Bed sediment particle concentration  (g/cm^3) or (kg/L) 1


bsp Bed sediment porosity  (cm^3/cm^3) 0.6


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated


Sedment-water partition coefficient  (mL/g)Kdbs Chemical Data;  See Section 3


Suspended sediment-water partition coefficient  (mL/g)Kdsw Chemical Data;  See Section 3


Total suspended solids  (mg/L)TSS Site Data;  See Appendix C


0.000001 Conversion factor  (L/ml)(g/mg)
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Table E-1-3.  Dissolved Fraction (unitless)


Name Description Value
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Suspended sediment-water partition coefficient  (mL/g)Kdsw Chemical Data;  See Section 3


Total suspended solids  (mg/L)TSS Site Data;  See Appendix C


0.000001 Conversion factor  (L/ml)(g/mg)
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Table E-1-4.  Water Concentration Dissipation Rate Constant (1/d)


Name Description Value
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Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Fraction of contaminant in benthic sediments  (unitless)Fb Calculated


Dissolved fraction  (unitless)fd Calculated


Fraction of contaminant in water column  (unitless)fWater Calculated


Benthic burial rate constant  (1/day)Kb Calculated


Hydrolysis rate  (1/day)kh 0


Degradation rate for sediment  (1/day)ksed 0


Degradation rate for water column  (1/day)ksw 0


Diffusion transfer rate  (m/day)Kv Calculated (mercury only)


Water column volatilization rate constant  (1/day)kvol Calculated (mercury only)


WB Rate of Burial  (m/day) 0
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Table E-1-5.  Total Waterbody Concentration from Loading (g/m^3 or mg/L)


Name Description Value
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Area of the waterbody  (m^2)AreaWB Site Data;  See Appendix C


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated


Fraction of contaminant in water column  (unitless)fWater Calculated


Water Concentration Dissipation Rate Constant  (1/day)Kwt Calculated


Total waterbody load  (g/day)LTotal Calculated By EPACMTP


Flow independent mixing volume  (m^3)V Calculated


Waterbody annual flow mixing volume  (m3/day)Vfx Site Data;  See Appendix C
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Table E-1-6.  Total Water Column Concentration (g/m^3 or mg/L)


Name Description Value
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Total Waterbody Concentration from Loading  (g/m^3 or mg/L)CwTot Calculated


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated


Fraction of contaminant in water column  (unitless)fWater Calculated
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Table E-1-7.  Dissolved Waterbody Concentration (mg/L)


Name Description Value
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Total Waterbody Concentration from Loading  (g/m^3 or mg/L)CwTot Calculated


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated


Dissolved fraction  (unitless)fd Calculated


Fraction of contaminant in water column  (unitless)fWater Calculated
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Table E-1-8.  Total Concentration in Bed Sediment (g/m^3 or mg/L)


Name Description Value
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Total Waterbody Concentration from Loading  (g/m^3 or mg/L)CwTot Calculated


Depth of upper benthic layer  (m)db 0.03


Depth of water column  (m)dw Site Data;  See Appendix C


Depth of the waterbody  (m)dz Calculated
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Table E-2-1.  Concentration in Fish at Different Trophic Levels (mg/kg)


Name Description Value
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Attachment E-2: Fish Concentrations


 
For Non-Volatile Metals: 


BCFCwC totfish ×=  


BCF Chemical Data;  See Section 3Bioconcentration factor for specified trophic level  (L/kg)


CalculatedDissolved waterbody  concentration  (mg/L)Cdw 
CalculatedTotal waterbody  concentration from loading  (g/m^3 or mg/L)CwTot 


0.15 Fraction of dissolved mercury assumed to be methyl mercury  
(unitless)
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Table E-2-2.  Average Fish Fillet Concentration Ingested by Humans (mg/kg)


Name Description Value


Appendix E


Cfish_fillet 
 


Attachment E-2: Fish Concentrations


 
FfishTTFfishTTfilletfish CFCFC 4433_ ×+×=  


CalculatedConcentration of contaminant in fish at different trophic levels  
(mg/kg)


CfishT3F 


CalculatedConcentration of contaminant in fish at different trophic levels  
(mg/kg)


CfishT4F 


0.36Fraction of trophic level 3 intake  (unitless)FT3 


0.64Fraction of trophic level 4 intake  (unitless)FT4 
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Table E-3-1.  Contaminant Intake from Drinking Water (mg/kg-d)


Name Description Value


Appendix E


Idw 


Attachment E-3: Intake Rates


 


1000*BW
FCRC


I dwdwdw
dw


××
=  


BW Exposure Data;  See Appendix FBody weight  (kg)


CalculatedDissolved waterbody  concentration  (mg/L)Cdw 
Exposure Data;  See Appendix FConsumption rate of water  (mL/day)CRdw 


1Fraction of drinking water ingested that is contaminated  
(unitless)


Fdw 


1000 Conversion factor  (mL/L)
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Table E-3-2.  Daily Intake of Contaminant from Fish Ingestion (mg/kg BW/day)


Name Description Value


Appendix E


Ifish 


Attachment E-3: Intake Rates


 


BW


FCRC
I fishfishfilletfish


fish ×
××


=
1000


_
 


BW Exposure Data;  See Appendix FBody weight  (kg)


CalculatedAverage fish fillet concentration ingested by humans  (mg/kg)Cfish_fillet 
Exposure Data;  See Appendix FConsumption rate of fish  (g WW/day)CRfish 


1Fraction of fish intake from contaminated source  (unitless)Ffish 


1000 Conversion factor  (g/kg)


                                                                                         E-3-2
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Appendix F. Human Exposure Factors 


Exposure factors are data that quantify human behavior patterns (e.g., ingestion rates of 
fish and drinking water) and characteristics (e.g., body weight) that affect a person’s exposure to 
environmental contaminants. These data can be used to construct realistic assumptions 
concerning an individual’s exposure to and subsequent intake of a contaminant in the 
environment. The exposure factors data also enable the U. S. Environmental Protection Agency 
(EPA) to differentiate the exposures of individuals of different ages (e.g., a child vs. an adult). 
The derivation and values used for the human exposure factors in this risk assessment are 
described below, and the exposure factors selected for the probabilistic analyses are also 
presented.  


F.1 Exposure Parameters Used in Probabilistic Analysis 


F.1.1 Introduction  


The general methodology for collecting human exposure data for the probabilistic 
analysis relied on the Exposure Factors Handbook, or EFH (U.S. EPA, 1997a-c), which was 
used in one of three ways: 


1. When EFH percentile data were adequate (most input variables), maximum likelihood 
estimation was used to fit selected parametric models (gamma, lognormal, Weibull, and 
generalized gamma) to the EFH data. The chi-square measure of goodness of fit was then 
used to choose the best distribution. Parameter uncertainty information (e.g., for 
averages, standard deviations) also was derived using the asymptotic normality of the 
maximum likelihood estimate or a regression approach. 


2. When EFH percentile data were not adequate for statistical model fitting (a few 
variables), models were selected on the basis of results for other age cohorts or, if no 
comparable information was available, by assuming lognormal as a default distribution 
and reasonable coefficients of variation (CVs). 


3. When data were not adequate for either 1 or 2 above, variables were fixed at 
EFH-recommended mean values or according to established EPA policy. 


Table F-1 lists all of the parameters used in the probabilistic analysis. Both fixed 
variables and the values used to define distributed data are provided. 


Probabilistic risk analyses involve “sampling” values from probability distribution 
functions (PDFs) and using the values to estimate risk. In some cases, distributions are infinite, 
and there is a probability, although very small, that very large or very small values might be 
selected from the distributions. Because selecting extremely large or extremely small values is 
unrealistic (e.g., the range of adult body weights is not infinite), maximum and minimum values 
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were imposed on the distributions. The minimum and maximum values are included in Table 
F-1. 


F.1.2 Exposure Parameter Distribution Methodology 


This section describes how stochastic or distributed input data for each exposure factor 
were collected and processed. Exposure parameter distributions were developed for use in the 
Monte Carlo analysis. For most variables for which distributions were developed, exposure 
factor data from the EFH were analyzed to fit selected parametric models (i.e., gamma, 
lognormal, Weibull). Steps in the development of distributions included preparing data, fitting 
models, assessing fit, and preparing parameters to characterize distributional uncertainty in the 
model inputs. 


For many exposure factors, EFH data include sample sizes and estimates of the following 
parameters for specific receptor types and age groups: mean, standard deviation, standard error, 
and percentiles corresponding to a subset of the following probabilities: 0.01, 0.02, 0.05, 0.10, 
0.15, 0.25, 0.50, 0.75, 0.85, 0.90, 0.95, 0.98, and 0.99. These percentile data, where available, 
were used as a basis for fitting distributions. Although in no case were all of these percentiles 
actually provided for a single factor, seven or more are typically present in the EFH data. 
Therefore, using the percentiles is a fuller use of the available information than fitting 
distributions simply based on the method of moments (e.g., selecting models that agree with the 
data mean and standard deviation). For some factors, certain percentiles were not used in the 
fitting process because sample sizes were too small to justify their use. Percentiles were used 
only if at least one data point was in the tail of the distribution. If the EFH data repeated a value 
across several adjacent percentiles, only one value (the most central or closest to the median) was 
used in most cases (e.g., if both the 98th and 99th percentiles had the same value, only the 98th 
value was used). 


The EFH does not use standardized age cohorts across exposure factors. Different 
exposure factors have data reported for different age categories. Therefore, to obtain the 
percentiles for fitting the four standardized age cohorts (i.e., ages 1 to 5, 6 to 11, 12 to 19, and 
more than 20), each EFH cohort-specific value for a given exposure factor was assigned to one 
of these four cohorts. When multiple EFH cohorts fit into a single cohort, the EFH percentiles 
were averaged within each cohort (e.g., data on 1- to 2-year-olds and 3- to 5-year-olds were 
averaged for the 1- to 5-year-old cohort). If sample sizes were available, weighted averages were 
used, with weights proportional to sample sizes. If sample sizes were not available, equal 
weights were assumed (i.e., the percentiles were simply averaged).  
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Table F-1. Summary of Exposure Parameters Used in Probabilistic Analysis 


Parameter Units 
Variable 


Type Constants 
Mean 


(or shape) 
Std Dev 


(or scale) Minimum Maximum Reference 
Averaging time for carcinogens yr Constant 7.00E+01     U.S. EPA (1989) 
Body weight (adult) kg Lognormal  7.12E+01 1.33E+01 1.50E+01 3.00E+02 U.S. EPA (1997a); Tables 7-2, 


7-4, 7-5 
Body weight (child 1) kg Lognormal  1.55E+01 2.05E+00 4.00E+00 5.00E+01 U.S. EPA (1997b); Tables 7-3, 


7-6, 7-7 
Body weight (child 2) kg Lognormal  3.07E+01 5.96E+00 6.00E+00 2.00E+02 U.S. EPA (1997a); Tables 7-3, 


7-6, 7-7 
Body weight (child 3) kg Lognormal  5.82E+01 1.02E+01 1.30E+01 3.00E+02 U.S. EPA (1997a); Tables 7-3, 


7-6, 7-7 
Consumption rate: fish (adult, child) g/d Lognormal  6.48E+00 1.99E+01 0.00E+00 1.50E+03 U.S. EPA (1997b); Table 10-64 
Exposure duration (adult resident) yr Weibull  1.34E+00 1.74E+01 1.00E+00 5.00E+01 U.S. EPA (1999) (ACS) 
Exposure duration (child) yr Weibull  1.32E+00 7.06E+00 1.00E+00 5.00E+01 U.S. EPA (1999) (ACS) 
Exposure frequency (adult resident) d/yr Constant 3.50E+02     U.S. EPA Policy  
Fraction contaminated: drinking water Fraction Constant 1.00E+00     U.S. EPA Policy 
Fraction contaminated: fish Fraction Constant 1.00E+00     U.S. EPA Policy 
Fraction of fish consumed that is trophic 
level (T3) fish 


Fraction Constant 3.60E-01     U.S. EPA (1997b); Table 10-66 


Fraction of fish consumed that is trophic 
level 4 (T4) fish 


Fraction Constant 6.40E-01     U.S. EPA (1997b); Table 10-66 


Ingestion rate: drinking water (adult 
resident) 


mL/d Gamma  3.88E+00 3.57E+02 1.04E+02 1.10E+04 U.S. EPA (1997a); Table 3-6 


Ingestion rate: drinking water (child 1 
resident) 


mL/d Gamma  2.95E+00 2.37E+02 2.60E+01 3.84E+03 U.S. EPA (1997a); Table 3-6 


Ingestion rate: drinking water (child 2 
resident) 


mL/d Gamma  3.35E+00 2.35E+02 3.40E+01 4.20E+03 U.S. EPA (1997a); Table 3-6 


Ingestion rate: drinking water (child 3 
resident) 


mL/d Gamma  2.82E+00 3.42E+02 3.30E+01 5.40E+03 U.S. EPA (1997a); Table 3-6 
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Because the EFH data are always positive and are almost always skewed to the right (i.e., 
have a long right tail), three two-parameter probability models commonly used to characterize 
such data (gamma, lognormal, and Weibull) were selected. In addition, a three-parameter model 
(generalized gamma) was used that unifies them1 and allows for a likelihood ratio test of the fit 
of the two-parameter models. However, only the two-parameter models were selected for use in 
the analysis because the three-parameter generalized gamma model did not significantly improve 
the goodness of fit over the two-parameter models. This simple setup constitutes a considerable 
improvement over the common practice of using a lognormal model in which adequate EFH data 
are available to support maximum likelihood estimation. 


Lognormal, gamma, Weibull, and generalized gamma distributions were fit to each factor 
data set using maximum likelihood estimation (Burmaster and Thompson, 1998). When sample 
sizes were available, the goodness of fit was calculated for each of the four models using the 
chi-square test (Bickel and Doksum, 1977). When percentile data were available but sample 
sizes were unknown, a regression F-test for the goodness of fit against the generalized gamma 
model was used. For each of the two-parameter models, parameter uncertainty information (i.e., 
mean, standard deviation, scale, and shape) was provided as parameter estimates for a bivariate 
normal distribution that could be used for simulating parameter values (Burmaster and 
Thompson, 1998). The information necessary for such simulations includes estimates of the two 
model parameters, their standard errors, and their correlation. To obtain this parameter 
uncertainty information, the asymptotic normality of the maximum likelihood estimate 
(Burmaster and Thompson, 1998) was used when sample sizes were available, and a regression 
approach was used when sample sizes were not available (Jennrich and Moore, 1975; Jennrich 
and Ralston, 1979). In either case, uncertainty can be expressed as a bivariate normal distribution 
for the model parameters.  


Section F.1.3 discusses fixed parameters. Section F.1.4 describes, for each exposure 
factor, the EFH data used to develop the distributions, along with the final distributional 
statistics. 


F.1.3 Fixed Parameters 


Certain parameters were fixed, based on central tendency values from the best available 
source (usually EFH recommendations), either because no variability was expected or because 
the available data were not adequate to generate distributions. Fixed (constant) parameters are 
shown in Table F-2 along with the value selected for the risk analysis and the data source. These 
constants include variables for which limited or no percentile data were provided in the EFH: 
exposure frequency, fractions of T3 and T4 fish consumed, and fraction contaminated for the 
various media. Most of these values were extracted directly from the EFH. When evaluating 
carcinogens, total dose is averaged over the lifetime of the individual, assumed to be 70 years.  


                                                 
1 Gamma, Weibull, and lognormal distributions are all special cases of the generalized gamma distribution. 
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Table F-2. Summary of Human Exposure Factor Data Used in Modeling: Constants 


Description Value Units Source 
Fraction contaminated: drinking water 1 Fraction EPA policy 
Fraction contaminated: fish 1 Fraction EPA policy 
Fraction of T3 fish consumed 0.36 Fraction U.S. EPA (1997b); Table 10-66 
Fraction of T4 fish consumed 0.64 Fraction U.S. EPA (1997b); Table 10-66 
Exposure frequency (adult, child) 350 d/yr EPA policy 
Averaging time for carcinogens (adult, child) 70 yr U.S. EPA (1989)  


 


The fraction contaminated for drinking water was assumed to be 1 (i.e., all drinking water 
available for consumption at a site is potentially contaminated), with actual concentrations 
depending on fate and transport model results. Thus, households for which the drinking water 
pathway was analyzed were assumed to get 100 percent of their drinking water from 
groundwater. Exposure frequency was set to 350 days per year in accordance with EPA policy, 
assuming that residents take an average of 2 weeks’ vacation time away from their homes each 
year. 


F.1.4 Variable Parameters 


F.1.4.1 Fish Consumption 


Table F-3 presents fish consumption data and distributions. Fish consumption data were 
obtained from Table 10-64 of the EFH (U.S. EPA, 1997b). Data (in g/d) were available for adult 
freshwater anglers in Maine. The Maine fish consumption study was one of four recommended 
freshwater angler studies in the EFH (U.S. EPA, 1997b). The other recommended fish 
consumption studies (i.e., Michigan and New York) had large percentages of anglers who fished 
from Great Lakes, which is not consistent with the modeling scenarios used in this risk analysis. 
The anglers in the Maine study fished from streams, rivers, and ponds; these data are more 
consistent with our modeling scenarios. Although the Maine data have a lower mean than the 
Michigan data, the Maine data compared better with a national U.S. Department of Agriculture 
(USDA) study. Also, the Maine study included percentile data, which were necessary to develop 
a distribution.  


Percentile data were used to fit parametric models (gamma, lognormal, and Weibull), and 
measures of goodness of fit were used to select lognormal as the most appropriate model. The 
fraction of fish intake that is locally caught was assumed to be 1 (in accordance with EPA 
policy). The fraction of consumed T3 and T4 fish was 0.36 and 0.64, respectively (Table 10-66, 
U.S. EPA, 1997b). 


Table F-3. Fish Consumption Data and Distribution 


EFH Data (g/d) Distribution 
 Age 
 Cohort 


 
N 


Data 
Mean 


Data 
SD 


 
P50 


 
P66 


 
P75 


 
P90 


 
P95 


 
Distribution 


Pop-Estd 
Mean 


Pop-Estd 
SD 


All ages 1,053 6.4  2 4 5.8 13 26 Lognormal 6.48 19.9 
N = Number of samples; P50–P95 = Percentiles; Pop-Estd = Population-estimated; SD = Standard deviation. 
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F.1.4.2 Drinking Water Intake 


Table F-4 presents drinking water intake data and distributions. Drinking water intake 
data were obtained from Table 3-6 of the EFH (U.S. EPA, 1997a). Data (in mL/d) were 
presented by age groups. Weighted averages of percentiles, means, and standard deviations were 
calculated for the three child age groups and adults. Percentile data were used to fit parametric 
models (gamma, lognormal, and Weibull) using maximum likelihood estimation. Measures of 
goodness of fit were used to select the most appropriate model. The fraction of drinking water 
contaminated was assumed to be 1 (in accordance with EPA policy). 


Table F-4. Drinking Water Intake Data and Distributions 


EFH Data (mL/d) Distributions 


 
Age 


Cohort 


 
 


N 


 
Data 
Mean 


 
Data 
SD 


 
 


P01 


 
 


P05 


 
 


P10 


 
 


P25 


 
 


P50 


 
 


P75 


 
 


P90 


 
 


P95 


 
 


P99 


 
 


Distribution 


Pop- 
Estd 
Mean


Pop- 
Estd 
SD 


1–5 3,200 697.1 401.5 51.62 187.6 273.5 419.2 616.5 900.8 1,236 1,473 1,917 Gamma 698 406


6–11 2,405 787 417 68 241 318 484 731 1,016 1,338 1,556 1,998 Gamma 787 430


12–19 5,801 963.2 560.6 65.15 241.4 353.8 574.4 868.5 1,247 1,694 2,033 2,693 Gamma 965 574


20+ 13,394 1,384 721.6 207.6 457.5 607.3 899.6 1,275 1,741 2,260 2,682 3,737 Gamma 1,383 703


N = Number of samples; P01–P99 = Percentiles; Pop-Estd = Population-estimated; SD = Standard deviation. 


 


F.1.4.3 Body Weight 


Table F-5 presents body weight data and distributions. Body weight data were obtained 
from Tables 7-2 through 7-7 of the EFH (U.S. EPA, 1997a). Data (in kg) were presented by age 
and gender. Weighted averages of percentiles, means, and standard deviations were calculated 
for 1- to 5-year-olds, 6- to 11-year-olds, 12- to 19-year olds, and adult age groups; male and 
female data were weighted and combined for each age group. These percentile data were used as 
the basis for fitting distributions. These data were analyzed to fit parametric models (gamma, 
lognormal, and Weibull) using maximum likelihood estimation. Measures of goodness of fit 
were used to select the most appropriate model. 


Table F-5. Body Weight Data and Distributions 


EFH Data (kg) Distributions 


Age 
Cohort N 


Data 
Mean 


Data 
SD P05 P10 P15 P25 P50 P75 P85 P90 P95 Distribution 


Pop- 
Estd 


Mean


Pop- 
Estd 
SD 


1–5 3,762 15.52 3.719 12.5 13.1 13.45 14.03 15.26 16.67 17.58 18.32 19.45 Lognormal 15.5 2.05


6–11 1,725 30.84 9.561 22.79 24.05 25.07 26.44 29.58 33.44 36.82 39.66 43.5 Lognormal 30.7 5.96


12–19 2,615 58.45 13.64 43.84 46.52 48.31 50.94 56.77 63.57 68.09 71.98 79.52 Lognormal 58.2 10.2


20+ 12,504 71.41 15.45 52.86 55.98 58.21 61.69 69.26 78.49 84.92 89.75 97.64 Lognormal 71.2 13.3


N = Number of samples; P05–P95 = Percentiles; Pop-Estd = Population-estimated; SD = Standard deviation. 
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F.1.4.4 Exposure Duration 


Table F-6 presents exposure duration data and distributions. Exposure duration was 
assumed to be equivalent to the average residence time for each receptor. Exposure durations for 
adult and child residents were determined using data on residential occupancy from the EFH 
Table 15-168 (U.S. EPA, 1997c). The data represent the total time a person is expected to live at 
a single location, based on age. The table presents male and female data combined. Adult 
residents aged 21 to 90 were pooled. For child residents, the 3-year-old age group was used for 
the 1- to 5-year-olds. The 6- and 9-year-old age groups were pooled for the 6- to 11-year-old 
cohort. 


Table F-6. Exposure Duration Data and Distributions 


EFH Data Distributions 


Age Cohort 
Data Mean 


(yr) 
 


Distribution 
Pop-Estd Shape 


(yr)a 
Pop-Estd Scale 


(yr) 
1–5 6.5 Weibull 1.32 7.059 
6–11 8.5 Weibull 1.69 9.467 
Adult 16.0 Weibull 1.34 17.38 
Pop-Estd = Population-estimated. 
a Distributions used in risk assessment. 


 


In an analysis of residential occupancy data, Myers et al. (U.S. EPA, 2000) found that the 
data, for most ages, were best fit by a Weibull distribution. The Weibull distribution as 
implemented in Crystal Ball® is characterized by three parameters: location, shape, and scale. 
Location is the minimum value and, in this case, was presumed to be 0. Shape and scale were 
determined by fitting a Weibull distribution to the pooled data, as follows. To pool residential 
occupancy data for the age cohorts, an arithmetic mean of data means was calculated for each 
age group. Then, assuming a Weibull distribution, the variance within each age group (e.g., 6-
year-olds) was calculated in the age cohort. These variances in turn were pooled over the age 
cohort using equal weights. This is not the usual type of pooled variance, which would exclude 
the variation in the group means. However, this way, the overall variance reflected the variance 
of means within the age groups (e.g., within the 6-year-old age group). The standard deviation 
was estimated as the square root of the variance. The coefficient of variation was calculated as 
the ratio of the standard deviation divided by the Weibull mean. For each cohort, the population-
estimated parameter uncertainty information (e.g., shape and scale) was calculated based on a 
Weibull distribution, the calculated data mean for the age cohort, and the CV. 
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Appendix G. Human Health Benchmarks 
 


The coal combustion waste (CCW) risk assessment will require human health 
benchmarks to assess potential risks from chronic oral and inhalation exposures. The U.S. 
Environmental Protection Agency (EPA) uses reference doses (RfDs) and reference 
concentrations (RfCs) to evaluate noncancer risk from oral and inhalation exposures, 
respectively. Oral cancer slope factors (CSFs), inhalation unit risk factors (URFs), and inhalation 
CSFs are used to evaluate risk for carcinogens.  


This appendix provides the human health benchmarks used in the CCW screening and 
risk assessment. Section G.1 describes the data sources and general hierarchy used to collect 
these benchmarks. Section G.2 provides the benchmarks along with discussions of individual 
human health benchmarks extracted from a variety of sources. 


G.1 Methodology and Data Sources 


Several sources of health benchmarks are available. The hierarchy used health 
benchmarks developed by EPA to the extent that they were available. The analysis used 
available benchmarks from non-EPA sources for chemicals for which EPA benchmarks were not 
available, and ranked human health benchmark sources in the following order of preference: 


 Integrated Risk Information System (IRIS) 


 Superfund Technical Support Center Provisional Benchmarks 


 Health Effects Assessment Summary Tables (HEAST) 


 EPA health assessment documents 


 Various other EPA health benchmark sources 


 Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels 
(MRLs) 


 California Environmental Protection Agency (CalEPA) chronic inhalation reference 
exposure levels (RELs) and cancer potency factors. 


G.1.1 Integrated Risk Information System (IRIS) 


Benchmarks in IRIS are prepared and maintained by EPA, and RTI used values from 
IRIS whenever available. IRIS is EPA’s electronic database containing information on human 
health effects (U.S. EPA, 2002). Each chemical file contains descriptive and quantitative 
information on potential health effects. Health benchmarks for chronic noncarcinogenic health 
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effects include RfDs and RfCs. Cancer classification, oral CSFs, and inhalation URFs are 
included for carcinogenic effects. IRIS is the official repository of Agency-wide consensus of 
human health risk information.  


Inhalation CSFs are not available from IRIS, so we calculated them from inhalation 
URFs (which are available from IRIS) using the following equation: 


 mggdmkgURFinhCSFinh µ10002070 3 ×÷×=  


In this equation, 70 kg represents average body weight; 20 m3/d represents average inhalation 
rate; and 1000 µg/mg is a units conversion factor (U.S. EPA, 1997). EPA uses these standard 
estimates of body weight and inhalation rate in the calculation of the URF; therefore, we used 
these values to calculate inhalation CSFs. 


G.1.2 Superfund Provisional Benchmarks 


The Superfund Technical Support Center (EPA’s National Center for Environmental 
Assessment [NCEA]) derives provisional RfCs, RfDs, and CSFs for certain chemicals. These 
provisional health benchmarks can be found in Risk Assessment Issue Papers. Some of the 
provisional values have been externally peer reviewed. These provisional values have not 
undergone EPA’s formal review process for finalizing benchmarks and do not represent 
Agency-wide consensus information. 


G.1.3 Health Effects Assessment Summary Tables  


HEAST is a listing of provisional noncarcinogenic and carcinogenic health toxicity 
values (RfDs, RfCs, URFs, and CSFs) derived by EPA (U.S. EPA, 1997). Although the health 
toxicity values in HEAST have undergone review and have the concurrence of individual EPA 
program offices, either they have not been reviewed as extensively as those in IRIS or their data 
set is not complete enough to be listed in IRIS. HEAST benchmarks have not been updated in 
several years and do not represent Agency-wide consensus information. 


G.1.4 Other EPA Health Benchmarks 


EPA has also derived health benchmark values in other risk assessment documents, such 
as Health Assessment Documents (HADs), Health Effects Assessments (HEAs), Health and 
Environmental Effects Profiles (HEEPs), Health and Environmental Effects Documents 
(HEEDs), Drinking Water Criteria Documents, and Ambient Water Quality Criteria Documents. 
Evaluations of potential carcinogenicity of chemicals in support of reportable quantity 
adjustments were published by EPA’s Carcinogen Assessment Group (CAG) and may include 
cancer potency factor estimates. Health benchmarks derived by EPA for listing determinations 
(e.g., solvents) or studies (e.g., Air Characteristic Study) are also available. Health toxicity 
values identified in these EPA documents are usually dated and are not recognized as 
Agency-wide consensus information or verified benchmarks. 
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G.1.5 ATSDR Minimal Risk Levels 


The ATSDR MRLs are substance-specific health guidance levels for noncarcinogenic 
endpoints (ATSDR, 2002). An MRL is an estimate of the daily human exposure to a hazardous 
substance that is likely to be without appreciable risk of adverse noncancer health effects over a 
specified duration of exposure. MRLs are based on noncancer health effects only and are not 
based on a consideration of cancer effects. MRLs are derived for acute, intermediate, and chronic 
exposure durations for oral and inhalation routes of exposure. Inhalation and oral MRLs are 
derived in a manner similar to EPA’s RfCs and RfDs, respectively (i.e., ATSDR uses the no 
observed adverse effect level/uncertainty factor [NOAEL/UF] approach); however, MRLs are 
intended to serve as screening levels and are exposure duration specific. Also, ATSDR uses 
EPA’s (U.S. EPA, 1994) inhalation dosimetry methodology in the derivation of inhalation 
MRLs. 


G.1.6 CalEPA Cancer Potency Factors and Reference Exposure Levels  


CalEPA has developed cancer potency factors for chemicals regulated under California’s 
Hot Spots Air Toxics Program (CalEPA, 1999a). The cancer potency factors are analogous to 
EPA’s oral and inhalation CSFs. CalEPA has also developed chronic inhalation RELs, analogous 
to EPA’s RfC, for 120 substances (CalEPA, 1999b, 2000). CalEPA used EPA’s (U.S. EPA, 
1994) inhalation dosimetry methodology in the derivation of inhalation RELs. The cancer 
potency factors and inhalation RELs have undergone internal peer review by various California 
agencies and have been the subject of public comment. 


G.1.7 Surrogate Health Benchmarks 


If no human health benchmarks were available from EPA or alternative sources, we 
sought benchmarks for similar chemicals to use as surrogate data. For example, the health 
benchmark of a mixture could serve as the surrogate benchmark for its components or a 
benchmark of a metal salt could serve as the surrogate for an elemental metal. 


G.2  Human Health Benchmarks 


The chronic human health benchmarks used to calculate the health-based numbers 
(HBNs) in the CCW risk assessment are summarized in Table G-1, which provides the Chemical 
Abstract Service Registry Number (CASRN), constituent name, RfD (mg/kg-d), RfC (mg/m3), 
oral CSF (mg/kg-d-1), inhalation URF [(µg/m3)-1], inhalation CSF (mg/kg-d-1), and reference for 
each benchmark. A key to the references cited and abbreviations used is provided at the end of 
the table. 


For a majority of constituents, human health benchmarks were available from IRIS (U.S. 
EPA, 2002), Superfund Provisional Benchmarks, or HEAST (U.S. EPA, 1997). Benchmarks also 
were obtained from ATSDR (2002) or CalEPA (1999a, 1999b, 2000). This section describes 
benchmarks obtained from other sources, along with the Superfund Provisional Benchmarks 
values and special uses of IRIS benchmarks. 


Provisional inhalation health benchmarks were developed in the Air Characteristic Study 
(U.S. EPA, 1999) for several constituents lacking IRIS, HEAST, alternative EPA, or ATSDR 
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values. For vanadium, the study on which the ATSDR acute inhalation MRL is based was used 
but was adjusted for chronic exposure. Additional details on the derivation of this inhalation 
benchmark can be found in the Revised Risk Assessment for the Air Characteristic Study (U.S. 
EPA, 1999). 


The provisional RfD of 0.02 mg/kg-d developed by NCEA for the Superfund Technical 
Support Center (U.S. EPA, 2001a) was used for cobalt. 
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Table G-1. Human Health Benchmarks Used in CCW Risk Assessment 


 
 


Constituent Name 


 
 


CASRN 


 
RfD 


(mg/kg-d)
 


Ref


 
RfC 


(mg/m3)


 
 


Ref 


CSFo 
(per 


mg/kg-d)


 
 


Ref


URF 
(per 


µg/m3)


 
 


Ref 
CSFi 


(per mg/kg-d)


 
 


Ref 


 
MCL 


(mg/L) 


 
 


Notes 
Aluminum 7429-90-5 2.0E+00 A          RfD is for intermediate duration 


Ammonia 7664-41-7 9.7E-01 H 1.0E-01 I        RfD= 34 mg/L 


Antimony 7440-36-0 4.0E-04 I 2.0E-04 I        RfC is for antimony trioxide 


Arsenic, inorganic 7440-38-2 3.0E-04 I 3.0E-05 Cal00 1.5E+0 I 4.3E-3 I 1.5E+1 calc   


Barium 7440-39-3 7.0E-02 I 5.0E-04 H         


Beryllium 7440-41-7 2.0E-03 I 2.0E-05 I   2.4E-3 I 8.4E+0 calc   


Boron 7440-42-8 9.0E-02 I 2.0E-02 H         


Cadmium 7440-43-9 5.0E-04 I 2.0E-05 Cal00   1.8E-3 I 6.3E+0 calc  RfD for H2O (food = 1E-3) 


Chloride 16887-00-6           250  


Chromium (III), 
insoluble salts 


16065-83-1 1.5E+00 I           


Chromium (VI) 18540-29-9 3.0E-03 I 1.0E-04 I   1.2E-2 I 4.2E+1 calc   


Cobalt (and 
compounds) 


7440-48-4 2.0E-02 SF 1.0E-04 A   2.8E-3 SF 9.8E+0 calc   


Copper 7440-50-8           1.3  


Cyanide (amenable) 57-12-5 2.0E-02 I           


Divalent mercury  3.0E-04 H          RfD is for mercuric chloride; used 
for food, water, soil 


Divalent mercury  1.0E-04 I          RfD is for methyl mercury; used 
for fish only 


Fluoride 16984-48-8 1.2E-01 I          RfD is for fluorine; the alternative 
IRIS value (for skeletal, rather 
than dental, fluorosis) was used 


Iron 7439-89-6           0.3  


Lead and compounds 
(inorganic) 


7439-92-1           0.015  


Manganese 7439-96-5 1.4E-01 I 5.0E-05 I        RfD for food; H2O and soil = 
4.7E-2 mkd 


Molybdenum 7439-98-7 5.0E-03 I           


(continued)
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Table G-1. (continued) 


 
Constituent Name 


 
 


CASRN 


 
RfD 


(mg/kg-d)
 


Ref


 
RfC 


(mg/m3)


 
 


Ref 


CSFo 
(per 


mg/kg-d)


 
 


Ref


URF 
(per 


µg/m3)


 
 


Ref 
CSFi 


(per mg/kg-d)


 
 


Ref 


 
MCL 


(mg/L) 


 
 


Notes 
Nickel, soluble salts 7440-02-0 2.0E-02 I 2.0E-04 A         


Nitrate 14797-55-8 1.6E+00 I         10  


Nitrite 14797-65-0 1.0E-01 I           


Selenium 7782-49-2 5.0E-03 I 2.0E-02 Cal00         


Silver 7440-22-4 5.0E-03 I           


Strontium 7440-24-6 6.0E-01 I           


Sulfate 14808-79-8           250  


Thallium, elemental 7440-28-0 8.0E-05 I          RfD is for thallium chloride 


Total dissolved solids            500  


Vanadium 7440-62-2 7.0E-03 H 7.0E-05 AC         


Zinc 7440-66-6 3.0E-01 I           


Key: CASRN = Chemical Abstract Service registry number. CSFo = Oral cancer slope factor. 
RfD = Reference dose.   CSFi = Inhalation cancer slope factor. 
RfC = Reference concentration.  URF = Unit risk factor. 
MCL = Maximum contaminant level. 


a Sources: 
 A =  ATSDR MRLs (ATSDR, 2002) 
 AC =  Developed for the Air Characteristic Study (U.S. EPA, 1999) 
 calc = Calculated 
 Cal00 = CalEPA chronic REL (CalEPA, 2000) 
 H  =  HEAST (U.S. EPA, 1997) 
 I  =  IRIS (U.S. EPA, 2002) 
 SF  =  Superfund Risk Issue Paper (U.S. EPA, 2001a,b) 
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For several constituents, IRIS benchmarks for similar chemicals were used as surrogate 
data. The rationale for these recommendations is as follows:  


 The RfC for antimony trioxide (2E-04 mg/m3) was used as a surrogate for antimony. 


 Fluoride was based on fluorine. The IRIS RfD for fluorine is based on soluble fluoride. 
The primary RfD cited in IRIS (6E-02 mg/kg-d) is for dental fluorosis, a cosmetic effect. 
In this analysis, an alternative IRIS value (1.2E-01 mg/kg-d) for skeletal fluorosis in 
adults was used instead. 


 The RfC for mercuric chloride (9E-05 mg/m3) was used as a surrogate for elemental 
mercury. The RfDs for mercuric chloride (3E-04 mg/kg-d) and methyl mercury (1E-04 
mg/kg-d) were used as surrogates for elemental mercury for assessing potential risks 
from food, soil, and water ingestion, and fish ingestion, respectively. 


 Thallium was based on thallium chloride. There are several thallium salts that have RfDs 
in IRIS. The lowest value among the thallium salts (8E-05 mg/kg-d) is routinely used to 
represent thallium in risk assessments. 


G.3 References 


ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Minimal Risk Levels 
(MRLs) for Hazardous Substances. Available: http://www.atsdr.cdc.gov/mrls.html 


CalEPA (California Environmental Protection Agency). 1999a. Air Toxics Hot Spots Program 
Risk Assessment Guidelines: Part II. Technical Support Document for Describing 
Available Cancer Potency Factors. Office of Environmental Health Hazard Assessment, 
Berkeley, CA. Available: http://www.oehha.org/air/cancer_guide/hsca2.html 


CalEPA (California Environmental Protection Agency). 1999b. Air Toxics Hot Spots Program 
Risk Assessment Guidelines: Part III. Technical Support Document for the Determination 
of Noncancer Chronic Reference Exposure Levels. SRP Draft. Office of Environmental 
Health Hazard Assessment, Berkeley, CA. Available (in two sections):  
http://www.oehha.org/air/chronic_rels/ragsii.html, 
http://www.oehha.org/air/chronic_rels/RAGSp3draft.html. 


CalEPA (California Environmental Protection Agency). 2000. Air Toxics Hot Spots Program 
Risk Assessment Guidelines: Part III. Technical Support Document for the Determination 
of Noncancer Chronic Reference Exposure Levels. Office of Environmental Health 
Hazard Assessment, Berkeley, CA. Available (in four sections): 
http://www.oehha.org/air/chronic_rels/22RELS2k.html 
http://www.oehha.org/air/chronic_rels/42kChREL.html 
http://www.oehha.org/air/chronic_rels/Jan2001ChREL.html 
http://www.oehha.org/air/chronic_rels/1201Crels.html 
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Appendix H. Ecological Benchmarks 
 


Both the screening and full-scale CCW assessments include an ecological risk assessment 
that parallels the human health risk assessment. The ecological risk assessment addresses two 
routes of exposure for ecological receptors: direct contact with contaminated media and ingestion 
of contaminated food items. For each CCW chemical for which ecological effect data were 
available, hazard quotients (HQs) were calculated using chemical-specific media concentrations 
assumed to be protective of ecological receptors of concern.  


This appendix provides the ecological benchmarks used in both the CCW screening and 
full-scale risk assessment. Section H.1 describes the data sources and methods used to develop 
these benchmarks. Additional details can be found in U.S. EPA (1998). Section H.2 provides the 
benchmarks. 


H.1 Data Sources and Methodology 


To calculate ecological HQs, the concentration-based ecological benchmarks (also known 
as chemical stressor concentration limits, or CSCLs) were divided by the estimated 
concentrations of constituents in environmental media contaminated by CCW. The CSCLs are 
environmental quality criteria intended to represent a protective threshold value for adverse 
effects to various ecological receptors in terrestrial (soil) and aquatic ecosystems (surface water 
and sediment).  An HQ greater than target of 1 indicates that the predicted concentration will be 
above the CSCL and, therefore, the potential for adverse ecological effects exists.  In this regard, 
the use of CSCLs to calculate an ecological HQ is analogous to the use of the reference 
concentration (RfC) for human health where the air concentration is compared to the health-
based concentration (the RfC), and an HQ greater than the target value of 1 is considered to 
indicate the potential for adverse health effects. Table H-1 shows the receptor types assessed for 
each exposure route in each environmental medium addressed by the CCW risk assessment.  


Table H-1. Ecological Receptors Assessed by Medium Impacted by CCW  


Receptor Type Surface Water Sediment Soil 
Direct Contact Exposure 


Aquatic Community  U   
Sediment Community  U  
Soil Community   U 
Amphibians U   
Aquatic Plants and Algae U   
Terrestrial Plants   U 


Ingestion Exposure 
Mammals U  U 
Birds U  U 
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Ecological benchmarks for the CCW risk assessment were taken directly from the 1998 
fossil fuel combustion risk analysis, Non-Groundwater Pathways, Human Health and Ecological 
Risk Analysis for Fossil Fuel Combustion Phase 2 (FFC2) (U.S. EPA, 1998). The receptors and 
endpoints selected for the 1998 analysis were evaluated and considered appropriate for the goals 
of this risk assessment. The benchmarks were derived for each chemical and receptor to the 
extent that supporting data were available.  


As in 1998, the lowest (most sensitive) benchmark for each chemical in each medium 
was selected to calculate HQs in the CCW risk assessment. For example, several receptors (soil 
invertebrates, terrestrial plants, mammals, and birds) are exposed to constituents in soils. The soil 
HQ for a given chemical was calculated using whichever soil benchmark was lowest and would 
thus give the highest (most conservative) HQ.  


H.1.1 Direct Contact Exposure  


Ecological receptors that live in close contact with contaminated media are considered to 
be potentially at risk. These receptors are exposed through direct contact with contaminants in 
surface water, sediment, and soil. The receptors selected to assess the direct contact exposure 
route for each medium were previously summarized in Table H-1. The benchmarks for receptor 
communities are not truly community-level concentration limits in that they do not consider 
predator-prey interactions. Rather, they are based on the theory that protection of 95 percent of 
the species in the community will provide a sufficient level of protection for the community (see, 
for example, Stephan et al., 1985, for additional detail). The following sections summarize the 
benchmark derivation methods for each receptor assessed for the direct contact route of 
exposure.  


Aquatic Community Benchmarks 


The aquatic community receptor comprises fish and aquatic invertebrates exposed 
through direct contact with constituents in surface water. For the aquatic community, the final 
chronic value (FCV), developed either for the Great Lakes Water Quality Initiative (U.S. EPA, 
1993) or the National Ambient Water Quality Criteria (NAWQC) (U.S. EPA, 1995a,b), was the 
preferred source for the benchmark. If an FCV was unavailable and could not be calculated from 
available data, a secondary chronic value (SCV) was estimated using methods developed for 
wildlife criteria for the Great Lakes Initiative (e.g., 58 FR 20802; U.S. EPA, 1993). The SCV 
methodology is based on the original species data set established for the NAWQC; however, it 
requires fewer data points and includes statistically derived adjustment factors. For benchmark 
derivation, the minimum data set required at least one data point.  


Amphibian Benchmarks 


For amphibian populations, data availability severely limited benchmark development. A 
review of several compendia presenting amphibian ecotoxicity data (e.g., U.S. EPA, 1996; 
Power et al., 1989), as well as primary literature sources, found a lack of standard methods on 
endpoints, species, and test durations necessary to derive a chronic benchmark for amphibians. 
Consequently, an acute benchmark was derived for aqueous exposures in amphibians by taking a 
geometric mean of LC50 (i.e., concentration lethal to 50 percent of test subjects) data identified in 
studies with exposure durations less than 8 days. Although the use of acute effects levels is not 
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consistent with other benchmarks, the sensitivity of these receptors warrants their use in lieu of 
chronic concentration limits.  Recent studies (Hopkins and Rowe, 2004; Hopkins et al., 2006) 
have confirmed that amphibians are among the most sensitive taxa to metals found in CCW, and 
selenium appears to be a significant stressor in CCW disposal scenarios.  The endpoints 
considered in these studies were related to population sustainability and, consequently, are highly 
relevant to ecological risk assessment.  However, these field studies are confounded by the fact 
that wildlife were exposed to multiple chemical pollutants (including radionuclides) and, as a 
result, acute effects data on individual metals remain the most appropriate source for quantitative 
benchmarks to assess the potential for adverse effects in amphibians.    


Sediment Community Benchmarks 


For the sediment community, benchmarks were selected based on a complete assessment 
of several sources proposing sediment benchmark values. Primary sources evaluated for 
developing sediment community benchmarks are shown in Table H-2.  


Table H-2. Primary Sources Evaluated for Developing Sediment Community Benchmarks 


Long, E.R., and L.G. Morgan. 1991. The Potential for Biological Effects of Sediment-Sorbed Contaminants 
Tested in the National Status and Trends Program. Technical Memorandum NOS OMA 52. National Oceanic 
and Atmospheric Administration (NOAA), Washington, DC. 


Jones, D.S., G.W. Suter, II, and R.N. Hull. 1997. Toxicological Benchmarks for Screening Contaminants of 
Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision. Oak Ridge National Laboratory, Oak 
Ridge, TN. 


U.S. EPA (Environmental Protection Agency). 1997. Protocol for Screening Level Ecological Risk Assessment at 
Hazardous Waste Combustion Facilities. Internal Review Draft, February 28. Office of Solid Waste, 
Washington, DC. 


U.S. EPA (Environmental Protection Agency). 1995. Technical Support Document for the Hazardous Waste 
Identification Rule: Risk Assessment for Human and Ecological Receptors. Office of Solid Waste, Washington, 
DC. 


MacDonald, D.D. 1994. Approach to the Assessment of Sediment Quality in Florida Coastal Waters. Volume 1. 
Florida Department of Environmental Protection, Tallahassee, FL. 


 


Soil Community Benchmarks 


For the soil community, the preferred methods for deriving benchmarks are analogous to 
those used in deriving the NAWQC. Benchmark values for soil fauna were estimated to protect 
95 percent of the species found in a typical soil community, including earthworms, insects, and 
various other soil fauna. The methodology presumes that protecting 95 percent of the soil species 
with a 50th percentile level of confidence will ensure long-term sustainability of a functioning 
soil community. The toxicity data on soil fauna were taken from several major compendia and 
supplemented with additional studies identified in the open literature.  


The approach to calculating benchmarks for the soil community is based on efforts by 
Dutch scientists (i.e., the Netherlands’ National Institute of Public Health and Environmental 
Protection [RIVM] methodology) to develop hazardous concentrations (HCs) at specified levels 
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of protection (primarily 95 percent) at both a 95th percentile and a 50th percentile level of 
confidence (Sloof, 1992). For the soil fauna benchmarks, the 50th percentile level of confidence 
was selected because the 95th percentile appeared to be overly conservative for a “no effects” 
approach. The RIVM methodology follows two steps: (1) fitting a distribution to the log of the 
selected endpoints, and (2) extrapolating to a benchmark concentration based on the mean and 
standard deviation of a set of endpoints. The key assumptions in the Dutch methodology are that 
(1) lowest observed effects concentration (LOEC) data are distributed logistically, and (2) the 
95 percent level of protection is ecologically significant. The following formula was used to 
calculate soil fauna benchmarks:  


 [ ]m1m5% skxHC −=  (H-1) 


where 


 HC5% = soil concentration protecting 95 percent of the soil species 
 xm = sample mean of the log LOEC data 
 kl = extrapolation constant for calculating the one-sided leftmost confidence 


limit for a 95 percent protection level 
 sm = sample standard deviation of the log LOEC data. 
 


Sufficient data were available to develop benchmarks using this methodology for four of 
the metals of concern: cadmium, copper, lead, and zinc. For the remaining constituents, 
benchmark studies identifying effects to earthworms and other soil biota proposed by Oak Ridge 
National Laboratory (Efroymson et al., 1997a) or criteria developed by the Canadian Council of 
Ministers of the Environment (CCME, 1997) were used to estimate protective soil 
concentrations. 


Algae and Aquatic Plant Benchmarks 


For algae and aquatic plants, adverse effects concentrations are identified in the open 
literature or from a data compilation presented in Toxicological Benchmarks for Screening 
Potential Contaminants of Concern for Effects on Aquatic Biota: 1996 Revision (Suter and Tsao, 
1996). For most contaminants, studies were not available for aquatic vascular plants, and lowest 
effects concentrations were identified for algae. The benchmark for algae and aquatic plants was 
based on (1) an LOEC for vascular aquatic plants or (2) an effective concentration (ECxx) for a 
species of freshwater algae, frequently a species of green algae (e.g., Selenastrum 
capricornutum). Because of the lack of data for this receptor group and the differences between 
vascular aquatic plants and algae sensitivity, the lowest value of those identified was usually 
chosen.  


Terrestrial Plant Benchmarks 


For the terrestrial plant community, ecotoxicological data were identified from a 
summary document prepared at the Oak Ridge National Laboratory: Toxicological Benchmarks 
for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 
Revision (Efroymson et al., 1997b). The measurement endpoints are generally limited to growth 
and yield parameters because (1) they are the most common class of response reported in 
phytotoxicity studies and, therefore, will allow for criterion calculations for a large number of 
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constituents, and (2) they are ecologically significant responses both in terms of plant 
populations and, by extension, the ability of producers to support higher trophic levels. As 
presented in Efroymson et al. (1997a), benchmarks for phytotoxicity were selected by rank 
ordering the LOEC values and then approximating the 10th percentile. If there were 10 or fewer 
values for a chemical, the lowest LOEC was used. If there were more than 10 values, the 10th 
percentile LOEC was used. 


H.1.2 Ingestion Exposure  


The ingestion route of exposure addresses the exposure of terrestrial mammals and birds 
through ingestion of plants and prey and incidental soil ingestion. Thus, the CCW ecological 
benchmarks for ingestion exposure express media concentrations that, based on certain 
assumptions about receptor diet and foraging behavior, are expected to be protective of 
populations of mammals and birds feeding and foraging in contaminated areas.  


The derivation of ingestion benchmarks begins with the selection of appropriate 
ecotoxicological data based on a hierarchy of data sources. The assessment endpoint for the 
CCW ecological risk assessment is population viability; therefore, ecological benchmarks were 
developed from measures of reproductive/developmental success or, if unavailable, from other 
effects that could conceivably impair population dynamics. Population-level benchmarks are 
preferred over benchmarks for individual organisms; however, very few population-level 
benchmarks have been developed. Therefore, the CCW risk assessment uses benchmarks derived 
from individual organism studies, and protection is inferred at the population level.  


Once an appropriate ingestion exposure study was identified, a benchmark was calculated 
using a three-step process. The remainder of this section outlines the basic technical approach 
used to convert avian or mammalian benchmarks (in daily doses) to the media concentration 
benchmarks (in units of concentration) used to assess ecological risks for surface water and soil 
contaminated by CCW waste constituents. The methods reflect exposure through the ingestion of 
contaminated plants, prey, and various media, and include parameters on accumulation (e.g., 
bioconcentration factors), uptake (e.g., consumption rates), and dietary preferences.  


Step 1: Scale Benchmark 


The benchmarks derived for test species can be extrapolated to wildlife receptor species 
within the same taxon using a cross-species scaling equation (Equation H-2) (Sample et al., 
1996). This is the default methodology EPA proposed for carcinogenicity assessments and 
reportable quantity documents for adjusting animal data to an equivalent human dose (57 FR 
24152). 


 
1/4
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⎛
×=  (H-2) 


where 


 Benchmarkw = scaled ecological benchmark for species w (mg/kg/d) 
 LOAELt = lowest observed adverse effects level for test species (mg/kg/d)  
 bwt =  body weight of the surrogate test species (kg) 
 bww =  body weight of the representative wildlife species (kg). 
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Step 2: Identify Bioconcentration Factors / Bioaccumulation Factors 


For metal constituents, whole-body bioconcentration factors (BCFs) and bioaccumulation 
factors (BAFs) were identified for aquatic and terrestrial organisms that may be used as food 
sources (e.g., fish, plants, earthworms). The Oak Ridge National Laboratory has proposed 
methods and data that are useful in predicting bioaccumulation in earthworms and small 
mammals (Sample et al. 1998a,b). These values were typically identified in the open literature 
and EPA references.  


Step 3: Calculate Benchmarks  


The following equation provides the basis for calculating surface water benchmarks using 
a population-inference benchmark (e.g., endpoint on fecundity). 


 
( )[ ] ( )


Benchmark
I BAF C I C


bw
fish w w w


=
× + ×


 (H-3) 


where 


 Ifish = intake of contaminated fish (kg/d) 
 BAF = whole-body bioaccumulation factor (L/kg) 
 bw = weight of the representative species (kg) 
 Iw  = intake of contaminated water (L/d) 
 Cw = total concentration in the water (mg/L). 
 


For chemicals that bioaccumulate significantly in fish tissue, the ingestion of 
contaminated food will tend to dominate the exposure (i.e., [Ifish × Cfish] >> [Iw Cw]), and the 
water term (i.e., [Iw × Cw]) can be dropped from Equation H-3, resulting in Equation H-4:  


 
( )


bw
CBAFI


Benchmark wfish ××
=  (H-4) 


At the benchmark dose (mg/kg/d), the concentration in water is equivalent to the chemical 
stressor concentration limit for that receptor as a function of body weight, ingestion rate, and the 
bioaccumulation potential for the chemical of concern. Hence, Equation H-4 can be rewritten to 
solve for the surface water (CSCLsw) as follows:  


 ( )BAFII
bwbenchmarkCSCL


fishw
sw ×+


×
=  (H-5) 


For wildlife populations of mammals and birds in terrestrial systems, the soil benchmark 
(CSCLsoil) for a given receptor was calculated using Equation H-6: 


 ( )∑ +××
×


=
soiljjjfood


soil IABFBCFI
bwbenchmarkCSCL  (H-6) 
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where 


 bw =  body weight (kg) 
 Ifood  =  total daily food intake of species (kg/d) 
 Isoil  =  total daily soil intake of species (kg/d) 
 BCFj =  bioaccumulation factor in food item j (assumed unitless) 
 Fj  =  fraction of diet consisting of food item j (unitless) 
 ABj = absorption of chemical in the gut from food item j. 


H.2 Ecological Benchmarks 


The ecological benchmarks used to calculate ecological HQs in the CCW risk assessment 
are summarized in Table H-3, which provides the constituent name; the criterion and receptor for 
soil, sediment, and aquatic receptors; and the source for each benchmark.  
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Table H-3. Ecological Benchmarks Used in the CCW Risk Assessment  


Constituent 


Soil 
Criterion 
(mg/kg) 


Terrestrial 
Receptor 


Sediment 
Criterion 
(mg/kg) 


Sediment 
Receptor 


Aquatic 
Criterion 


(mg/L) Aquatic Receptor Source 
Aluminum ID -- ID -- 0.09 Aquatic Biota U.S. EPA (1998) 
Antimony 14 Raccoon 2 Sediment biota 0.03 Aquatic Biota U.S. EPA (1998) 
Arsenic total 10 Plants 0.51 Spotted sandpiper ID -- U.S. EPA (1998) 
Arsenic III ID -- ID -- 0.15 Aquatic Biota U.S. EPA (1998) 
Arsenic IV ID -- ID -- 8.10E-03 Aquatic Biota U.S. EPA (1998) 
Barium 500 Plants 190 Spotted sandpiper 4.00E-03 Aquatic Biota U.S. EPA (1998) 
Beryllium ID -- ID -- 6.60E-04 Aquatic Biota U.S. EPA (1998) 
Boron 0.5 Plants ID -- 1.60E-03 Aquatic Biota U.S. EPA (1998) 
Cadmium 1 Soil 


invertebrates 
0.68 Sediment biota 2.50E-03 Aquatic Biota U.S. EPA (1998) 


Chromium 
total 


64 Soil 
invertebrates 


16.63 Spotted sandpiper ID -- U.S. EPA (1998) 


Chromium IV ID -- ID -- 0.09 Aquatic Biota U.S. EPA (1998) 
Chromium VI ID -- ID -- 0.01 Aquatic Biota U.S. EPA (1998) 
Cobalt 1000 Soil 


invertebrates 
ID -- 0.02 Aquatic Biota U.S. EPA (1998) 


Copper 21 Soil 
invertebrates 


18.7 Sediment biota 9.30E-03 Aquatic Biota U.S. EPA (1998) 


Lead 28 Soil 
invertebrates 


0.22 Spotted sandpiper 3.00E-04 River Otter U.S. EPA (1998) 


Mercury 0.1 Soil 
invertebrates 


0.11 Spotted sandpiper 1.90E-07 Kingfisher U.S. EPA (1998) 


Molybdenum 42.08 Amer. 
woodcock 


34 Spotted sandpiper 0.37 Aquatic Biota U.S. EPA (1998) 


Nickel 30 Plants 15.9 Sediment biota 0.05 Aquatic Biota U.S. EPA (1998) 
Selenium 
total 


1 Plants ID -- 5.00E-03 Aquatic Biota U.S. EPA (1998) 


Selenium IV ID -- ID -- 0.03 Aquatic Biota U.S. EPA (1998) 
(continued) 
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Table H-3. (continued) 


Constituent 


Soil 
Criterion 
(mg/kg) 


Terrestrial 
Receptor 


Sediment 
Criterion 
(mg/kg) 


Sediment 
Receptor 


Aquatic 
Criterion 


(mg/L) Aquatic Receptor Source 
Selenium VI ID -- ID -- 9.50E-03 Aquatic Biota U.S. EPA (1998) 
Silver ID -- 0.73 Sediment biota 3.60E-04 Aquatic Biota U.S. EPA (1998) 
Thallium ID -- ID -- 0.01 Aquatic Biota U.S. EPA (1998) 
Vanadium 130.00 Soil 


invertebrates 
18 Spotted sandpiper 0.02 Aquatic Biota U.S. EPA (1998) 


Zinc 50 Plants 120 Sediment biota 0.12 Aquatic Biota U.S. EPA (1998) 
ID = insufficient data. 
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Ecological Consciousness


in Action is Habitat Suites' commitment to


creating an environmentally sustainable future


for us all.


Environmental Practices


Habitat Suites Hotel opened its doors in May 1985. The hotel was not designed or built


with ecological considerations in mind. We had the task of "greening" the hotel after the


fact. In 1991, Habitat Suites Hotel hoisted the green flag, and became a charter member of


the "Green” Hotels Association, making official our commitment to sustainable


management. In 1997, the City of Austin selected Habitat Suites Hotel for its "B.E.S.T.


Success" Award in recognition of its "unique & creative business approaches to


environmental issues." In 1999 we were awarded Texas’ most prestigious environmental


honor: the Texas Excellence Award for Small Business. In 2005, we were awarded the Keep


Austin Beautiful award for Industry Leadership. In 2006 we received the Greater Austin


Chamber of Commerce first ever environmental award, the “Greenbelt Award ” and in 2007


we were again honored with a second "Greenbelt Award. We continue to get recognition for


our programs and to win awards for ecological consciousness action, our commitment to


creating an environmentally sustainable future for us all.


This booklet describes most of the programs we have implemented to carry out our


commitment to encouraging, promoting, and supporting ecological consciousness. These


programs fall into the following categories:


* Air Quality


* Land Use
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* Energy Efficiency


* Waste Management & Recycling


* Resource Conservation


* Water Quality & Conservation


* Human Health


* Education


You are welcome to review this document on-line or to print it out for your own use. If you


would like, we have printed booklets on-hand and can send you copies, as you need them


for specific uses. If you would like to receive a printed booklet for your own use or for


educational purposes, please contact us by email give us feedback online or by phone or


fax at (512) 467-6000. 


Air Quality


* All suites and the Guesthouse are smoke-free


* We use no chemical pesticides, aerosol products, or Styrofoam


* Our housekeeping staff uses water and elbow grease as their main cleaning agents. We


use only naturally-scented, non-toxic, phosphate-free, biodegradable cleaning products,


including vinegar to clean mirrors, windows and metal fixtures, baking soda to clean


refrigerators and stoves, vinegar and salt to clean metal, and linseed oil and lemon oil to


polish wood. The primary cleaning agent in our products is orange oil.


* We paint with only non-toxic, water-based paints that contain a minimal amount of


adhesives, minimizing the release of volatile organic compounds into the air


* Housekeeping uses negative ion generators and "Ozinators" to clear dust and odors from


air


* We provide air cleaners with carbon filters and ionizers to guests on request


* Our staff maintains air ducts monthly


* Live potted plants in each suite and abundant trees on the property keep air healthier


and reduce carbon monoxide


* Guesthouse air conditioning brings in fresh air from outside


* Fire extinguishers are metal & refillable. They contain no ozone-destroying ingredients


* The addition of 108 solar photovoltaic cells reduces carbon dioxide by 38,000 pounds


each year. This is equivalent to removing 3.8 cars from our roads, or planting 5.3 acres of
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land with trees. Since much of Austin’s electricity comes from coal plants, significant


amounts of NOx, SOx, and mercury will also be avoided.


Land Use


Our gardeners have established a sustainable land-use system to remedy environmental


damage, increase and conserve the plant and animal life on our property, and to improve


the quality of our land for future generations.


To remedy environmental damage we:


* Use no chemical fertilizers or pesticides


* Add natural agents, such as Medina (a soil activator), seaweed, "manure teas," and


colloidal rock phosphates, to improve the soil


* Compost organic landscape trimmings and other materials and return them to the land


* Use no polluting landscape materials, such as creosote-treated railroad ties


* Maintain the wet-weather stream to the East of the property to support plant and wildlife


development


To increase and conserve the life on the land, we:


* Incorporate plants of different heights into existing gardens. This practice, called


"stacking," increases the number of plants on any given amount of land


* Introduce long-term, slow-release, organic soil enrichments to improve quality of


existing soil, so it can nourish additional plants


* Create water gardens to support existing wildlife, such as birds, lizards and frogs, and to


attract and support an even larger population of wildlife


* Plant green plants just to feed caterpillars


* Maintain fruits, berries, nuts, herbs and medicinal plants to use in our kitchen and to


help feed wildlife


To improve the quality of the land for future generations, we:


* Put in plants that continuously adjust and improve the soil. Specifically, "Fertilizer" plants


that add necessary nutrients to the soil


* Plant deep taproot trees like pecans and cedar elms to mine trace minerals from the soil,


and rocks and make them available through leaf fall to the other plants


* Plant Crepe myrtle and afghan pines that increase the acidity of our alkaline soils


* Purposely leave certain "weeds" that provide natural plant "medicines" for other plants
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* Plant mountain laurels, redbuds, peas, and bluebonnets to harvest nitrogen from the air


and make it available for other plants


* Have increased the number of plants that flower in each season to encourage bees,


butterflies and other beneficial insects to do the work of cross-pollination


* Use arbors, gates and fencing made from Western Red Cedar, one of the few woods that


require no chemical treatment-- it is naturally resistant to rot and insect infestation


Energy Efficiency


Air Conditioning Efficiency


* The suites' windows open to let in the air during our beautiful spring and fall months


* As they need replacement, we install draperies with thermal reflective liners in the suites,


to keep rooms naturally cooler


* Suites have increased ceiling insulation


* Roofs have radiant barriers to minimize heat in the summer, and to help retain heat in


the winter


* The central roofs have light-colored, reflective surfaces


* Our staff maintains caulking and weather stripping to keep air conditioning & heating


inside


* Ductwork for heating and air conditioning is well sealed to prevent energy loss


* We tint suite windows that receive direct sun


* We install energy-efficient air conditioning units, and will continue to do so as units need


to be replaced


* Vines in plant trellises and on brickwork reduce energy use for air conditioning and


heating


* We have partnered with Austin Energy, our local utility company, to install motion and


occupancy sensing thermostats for maximum efficiency, saving 31,250 kW annually


Lighting Efficiency


* In 2003, all interior lighting was changed to compact fluorescent bulbs. This resulted in


an annual savings of 81,555 kW each year.


* In 2004, we added two tubular skylights to our meeting room, to bring in natural light
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and eliminate the need for electricity during day time hours


* Administrative offices have reduced ambient lighting and increased task lighting, and


offices use low-energy fluorescent and halogen bulbs


* We install sheer curtains to allow guests to have both privacy and filtered sunlight,


reducing the need for indoor electrical lighting


* Light interior colors decrease light absorption, reducing the need for artificial light


indoors


* Housekeeping regularly cleans lighting fixtures, reflectors, bulbs and windows to improve


light reflection


* Motion sensors turn lights on and off in the Guest Laundry and Guesthouse lobby


restrooms


* Directional fixtures outside prevent the overlap of exterior lighting, reducing "light


waste."


* Exterior lighting fixtures have compact fluorescent bulbs. This reduces each bulb from 60


watts to 10 watts, for an estimated energy saving of 88 kilowatts each day, and 32,120


kW each year.


* Reflectors above fluorescent lights focus the light in desired areas without increasing bulb


wattage


Appliances that Heat Efficiently


* Hot-water-holding tanks and water pipes are insulated to prevent energy loss


* We maintain and clean water heating equipment regularly to keep them running


efficiently


* We maintain hot water temperature between 120 and 130 degrees Fahrenheit, to reduce


the energy used by water heaters


Appliances that Cool Efficiently


* Large water containers in the freezers keep freezers cold without as much electricity by


reducing the air space that needs to be cooled


* Soft drink machines keep cooler with less electricity when located indoors.


* A “vending miser” on our soft drink machine only comes on when a person is in front of


the machine


* The Guesthouse kitchen uses several smaller refrigerators rather than a walk-in to


conserve energy
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* Our maintenance staff cleans refrigerator coils four times a year


And More . . . . .


* As charter member’s of Austin’s “Green Choice” program, we get our energy from


renewable sources, whenever possible


* The swimming pool filter runs only when the pool is in use


* Habitat Suites follows the American Council for Energy-Efficient Economies' guidelines


when replacing suite kitchen appliances


* The housekeeping staff cleans grills and grease filters regularly for greater heat efficiency


* Main electrical circuits are installed with duty cycling timers to lower peak time/energy


usage, without disrupting service to our guests


* In June 2007, a solar thermal hot water system was installed which reduced the hotel’s


dependence on natural gas by 60%


Waste Minimization & Recycling


In the Suites


* We supply 100% recycled bathroom & facial tissue, and paper towels


* Our toilet paper rolls are “coreless.” This eliminates the cardboard centers and also


allows us to use the roll in its entirety.


* Suite bathrooms use dispensers for personal care products to eliminate small, individual


packaging


* Suite kitchens have glass drinking glasses that are sanitized and reused, not disposables.


* Housekeeping collects recycling from each suite's recycling container; guests need not


separate types of recyclables to participate in this program


* Habitat Suites donates slightly used or soiled furnishings to non-profit organizations,


rather than throwing them away


* We conduct quarterly trash audits to ensure maximum recycling and attention to


minimal packaging; we have reduced our “waste” by 30%


* We reuse the same 5 gallon plastic containers for our cleaning supplies. This diverts


125,000 cubic yards of plastic from the recycling stream each year.


In the Guesthouse


* We have eliminated individual packets of condiments, Styrofoam, and plastic tableware
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* Cloth napkins grace the dining room; we use 100% recycled paper napkins when cloth is


impractical


* We ask food vendors to offer products with minimal packaging, and we purchase food in


bulk to reduce packaging waste


* We serve no fried foods, eliminating the need to send oil residue to a landfill


* The kitchen staff uses cotton cloths for cleaning whenever possible; when necessary,


they use 100% recycled paper towels; old linens become new cleaning rags


* When a mop gets dirty, housekeeping removes and washes the mop, rather than


throwing it out


In the Administrative Offices


* Team members reduce the need for paper by communicating with each other through e-


mail, when possible


* Our credit card processing, and night audit work, is “paperless.” This saves not only on


paper, but also on toner, toner cartridges, and the trash generated from a “paper” process.


* When we need to print information for in-house exchange, we use the clean side of


"used" paper


* We print documents of 2 or more pages in length on two sides of each piece of paper


* We return paycheck envelopes to the office for re-use


* We print administrative and promotional materials on recycled paper stock


* We recycle paper, newspaper, cardboard, aluminum, metal, glass and plastics


* Our “waterless” urinal saves roughly 50,000 gallons of water annually


Resource Conservation


Habitat Suites does not purchase furniture made from


hardwoods. Recycled plastic curb stops serve our guests


in the parking lot.


Water Quality & Conservation


Conservation Indoors


* Suites have low-flow faucet aerators in kitchen and bathroom sinks. This reduces water
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flow from 4.5 to 2.0 gallons per minute for estimated water saving of 2800 gallons each


day and 1,022,000 gallons each year.


* Suites have water-saving showerheads. This reduces flow from 5 to 2.1 gallons per


minute for estimated water saving of 2,880 gallons each day and 1,051,200 gallons each


year.


* Suites have water-saving toilets. This reduces water usage from 3.5 to 1.6 gallons per


flush for estimated water saving of 730 gallons each day, and 266,300 gallons per year.


* Housekeeping changes linens and towels daily only at the guests' request. Each suite


displays written information about this choice.


* We have programmed commercial washers used for hotel laundry to reduce water use


* A “recycle kit” on our commercial washer saves the final rinse water as the first wash


cycle of the next load, saving 20 gallons per load, and 350,000 each year


* A new pre-rinse nozzle in our kitchen saves 35,000 gallons of water each year


* Removing the food grinder in our kitchen saves 50,000 gallons of water each year


Conservation on the Grounds


* The irrigation system has water-saving sprinkler heads; our gardeners monitor the


system for leaks, and adjust sprinkler orientation as needed to ensure that they are


watering only plants.


* Our gardeners have planted drought-tolerant, native Texas plants to reduce the need for


water; they have also scheduled watering for nighttime hours. The estimated water savings


from this program are 500 gallons each day and 182,500 gallons each year.


* Wherever possible, we have improved drainage to increase the amount of rainwater that


reaches plant roots, thus decreasing the need for artificial watering


Improving Water Quality


* We provide guests with biodegradable, 100% natural, vegetable oil-based personal care


products with no dyes or artificial scents


* Housekeeping cleans with non-toxic cleaning agents, including laundry products


* Our maintenance staff uses mechanical methods to clear obstructed pipes -- not toxic or


corrosive drain cleaners


* We use no toilet tank cleaning tablets or powders


Human Health
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* A salt generator for the pool produces sodium chloride and eliminates the use of harmful


chlorine tablets


* Our valet dry-cleaning service uses no toxic chemicals


* We choose music in the Guesthouse with thoughtful attention to its soothing qualities


* All of our suites are suitable for those with chemical sensitivity


* “Quiet Hours” from 9 p.m. to 9 a.m. reduce the stress caused by noise pollution. An


extended time of quiet permits subtle, regenerative experiences: a good night's rest, a


quiet conversation, or the pleasant company of one's own thoughts. Signs posted


throughout the property remind guests to protect each others' quiet during these hours.


* In the suites and Guesthouse dining room, stainless steel cookware eliminates aluminum


from the cooking process


* Our full, buffet breakfast includes healthy options, from low-fat, low-cholesterol dishes


to sugar-free, vegan, and macrobiotic choices. If you thrive on pancakes, don't worry, we


have them, too.


* Our staff chooses organic over non-organic produce, and local foods without artificial


additives, wherever possible


* We offer Kukicha "Twig" tea and herbal teas, as well as shade grown, fair trade coffee, in


the dining room


* Our biodegradable, 100% natural, vegetable-oil -based, dye-free personal care products


promote healthy skin and hair


* We offer a non-toxic personal pest control product to our guests during their stay, and


treat “break-through” episodes immediately to prevent recurrence


Education


We encourage you to take this booklet home with you, read it, refer to it, and share it with


your friends, co-workers, and family. It is our hope that you will wish to implement some


of these environmental choices in your own homes and businesses.


Continuing Education for Us


We can only implement our "green initiatives" with the full


participation of our employees. Therefore, we make an


extra effort to involve and educate our employees about


the benefits of our environmental programs.


We acknowledge and reward effort and initiative by our


employees toward an ever more sustainable future, and


we celebrate all change in this direction.


http://www.habitatsuites.com/enviro.htm 7/20/11 12:37 PM


Page 9 of 10







We seek assistance from Austin Energy, the Environmental


Protection Agency, the American Solar Energy Society, the


Texas Commission on Environmental Quality, and others,


to improve our environmental programs. Our principles


serve as a compass whenever we make important choices


or solve problems. Life is full of challenges, and we


welcome them because they are opportunity for us learn,


grow, and improve.


How You Can Help Us?


You can help us learn, grow, and improve by giving us your feedback and suggestions.


please call us at our toll free number (800) 535-4663 or give us feedback online.


Thank you for allowing us to make your stay a pleasant one!


Social networking links


To receive special promotions and discounted rate packages, please join linked in or facebook


    


   


  


 


500 East Highland Mall Boulevard Austin, Texas 78752


(512) 467-6000    (800) 535-4663   fax: (512) 452-6712


Home   Suites   Gardens   Directions   Habitat News   Links   About Us 


Reservations Summer 08 Pics Fall 08 Pics Calendar Specials  Solar power Send feedback


http://www.habitatsuites.com/enviro.htm 7/20/11 12:37 PM


Page 10 of 10








Environmental  
Regulation and 
Electric System  
Reliability
from the staff of the bipartisan policy center







Authors
Jennifer Macedonia, Senior Advisor 
Joe Kruger, Director for Energy & Environment 
Lourdes Long, Senior Policy Analyst 
Meghan McGuinness, Associate Director for Energy & Environment 


Disclaimer
This report was prepared by the staff of the Bipartisan Policy Center 
to promote a better understanding of the possible impacts of U.S. 
Environmental Protection Agency regulation of the electric power sector and 
to identify a range of strategies for managing associated reliability concerns.  
The views expressed here do not necessarily reflect those of the BPC Energy 
Project or our workshop co-sponsors, presenters, and participants. 


Acknowledgements
The Bipartisan Policy Center would like to express its thanks for the strong 
support of its funders.  In addition, we are grateful to the National Association 
of Regulatory Utility Commissioners and Northeast States for Coordinated 
Air Use Management for co-sponsoring the workshop series.  Thanks also to 
each of the experts, listed in Appendix A, that participated in the workshop 
series and informed this report.  Special appreciation is due to Marika 
Tatsutani for editing the report.  







Table of Contents
Executive Summary  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2


Section I . Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8


Section II . Overview of Challenges Facing the U .S . Electricity Sector  .  .  .  . 10
A. The Impact of Natural Gas Prices 
B. Current and Potential Future Energy Policies 
C. Forthcoming EPA Regulations for the Electric Power Sector


Section III . Results of Power Sector Analysis  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19
A. Current Trends in the Power Sector 
B. Studies on the Impact of EPA Regulations 
C. Impacts of Retirements on Resource Adequacy 
D. The Staging of Retrofits


Section IV . Addressing Reliability Concerns: 
The Roles of Federal, State, and Regional Authorities .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 28
A. Federal Agencies 
B. Interagency Cooperation 
C. State Authorities 
D. Regional Organizations 
E. Coordination of Federal, State, and Regional Authorities


Section V . Conclusions and Recommendations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 38
A. Flexibilities in the Clean Air Act and Clean Water Act 
B. Planning and Coordination 
C. Siting and Permitting for New Infrastructure 
D. Legislative Opportunities


Appendix A -List of Expert Speakers from BPC Workshops  
on Environmental Regulation and Electric System Reliability .  .  .  .  .  .  .  .  .  . 42


Appendix B - BPC Modeling using ICF’s Integrated Planning Model  .  .  .  .  .  . 44
A. Assumptions for Analysis 
B. Description of Scenarios 
C. Select Results of BPC Analysis







1  These rules are being proposed under the Clean Air Act and other statutory authorities, which require 
EPA to protect public health, welfare, and the environment from adverse impacts of power plants.


2  For example, EPA estimates the health and environmental benefits of the proposed Transport Rule 
range from $120 to $290 billion in 2014, while compliance costs for that year are estimated to be $2.8 
billion (estimates are in 2006 dollars).  See United States Environmental Protection Agency. Proposed 
Air Pollution Transport Rule: Reducing Pollution, Protecting Public Health. http://www.epa.gov/
airquality/transport/pdfs/TRPresentationfinal_7-26_webversion.pdf.


The electric power sector in the United States faces 


a changing market environment, one that 


features reduced or flattened demand, low natural 


gas prices, new environmental regulations, and 


continued uncertainty about the future regulation 


of carbon. Among the regulations recently 
proposed or currently under development by the 


U.S. Environmental Protection Agency 


(EPA) are rules to address air pollution transport, 
air toxics, coal ash, and cooling water intake 


structures at existing plants.1 These regulations are 


expected to result in significant public health and 


environmental benefits that, when monetized, 


are well in excess of compliance costs.2 


ExEcutivE 
Summary
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3  BPC gratefully acknowledges NARUC and NESCAUM as co-conveners of the workshop series.  However, the report is solely a product of the 
staff of the Bipartisan Policy Center and does not necessarily represent the views of NARUC, NESCAUM, or any of the workshop participants.


4  Information from each of the workshops, including video and presentations, is available at www.bipartisanpolicy.org.
5 For example, demand response and energy efficiency programs, energy storage, and transmission upgrades.
6  Although many gas turbines have been built within 3 years in the recent past, some in industry have raised concern that the permitting 


process for new construction, including greenhouse gas best available control technology (BACT) determinations, might take up to two to 
three years, added on top of two year construction for a new gas turbine. BPC modeling projects only 200 MW of new gas capacity would 
be needed, beyond the 1200 MW of new gas turbines expected in the business as usual scenario to be built by 2015.


Key benefits of the suite of EPA regulations include the 
avoidance of tens of thousands of premature deaths 
annually, reductions in pollution-related illnesses, and 
improved visibility and ecosystem health. These new 
conditions in the power sector are expected to increase the 
number of coal-fired power plants that will be retired in 
the next several years; in fact, a number of plant shutdowns 
have recently been implemented or announced. 


Environmental compliance deadlines are likely to have 
a strong influence on the timing of these retirements, as 
plant owners will not want to make significant capital 
investments in some older, marginal units that might 
otherwise be shut down soon for economic reasons. 
This has led to concerns that the power sector could face 
reliability issues as utilities comply with new regulations. 
Others have argued that power companies and regional, 
state, and federal authorities have recourse to a range of 
technology options and planning approaches that can 
help them avoid reliability impacts from the impending 
suite of environmental regulations. 


To shed light on these complex issues, the Bipartisan 
Policy Center (BPC), together with the National 
Association of Regulatory Utility Commissioners 
(NARUC) and Northeast States for Coordinated Air Use 
Management (NESCAUM), hosted a series of workshops 
to assess the possible impacts of regulation and identify 
a range of strategies for managing associated reliability 
concerns.3 The three workshops featured presentations 
by leading experts on electric power system reliability, 
electricity market operations, power sector technology, 
and pollution control policies and regulations (see 
Appendix A).4 Building on the presentations and public 
dialogue at these workshops, our review of a range of 
existing analyses, and our own analytic work, BPC has 
developed a number of findings and recommendations. 
Our main conclusions are summarized below.


IMPACTS ON ThE RELIABILITy OF ThE 
ELECTRIC SySTEM DUE TO EPA REGULATIONS 
ARE MANAGEABLE. 


BPC analysis indicates that scenarios in which electric 
system reliability is broadly affected are unlikely to occur. 
Previous national assessments of the combined effects 
of EPA regulations reach different conclusions, in part 
because they make quite different assumptions about 


the stringency 
and timing of 
new requirements 
and about 
the availability 
and difficulty of 
implementing control 
technologies. In some cases 
these assumptions deviate 
from the specifics of EPA’s recent 
proposals in meaningful ways. Moreover, market factors, 
such as low natural gas prices, are as relevant as EPA 
regulations in driving coal plant retirements. A number 
of recent developments are especially relevant from the 
standpoint of addressing reliability concerns: 


• EPA’s proposed cooling water regulations are far 
less stringent than assumed in the vast majority 
of analyses, many of which considered worst-case 
scenarios in which cooling towers would be required 
on all existing units. 


• Some commercially available, lower-cost technologies 
(e.g., dry sorbent injection) for treating hazardous 
air pollutants were not factored into most previous 
analyses. Including them significantly reduces 
retirement projections. 


• Most of the units projected to retire are small, 
older units that are already operating infrequently. 
Some of these units may be needed to meet peak 
demand on the hottest and coldest days or to 
provide volta ge support. In some cases, there may be 
viable mechanisms, other than one-to-one capacity 
replacement, available to serve these needs.5


• The industry has significant amounts of existing 
natural gas generating capacity that is currently under-
utilized and may be available to take up the slack, 
depending on the region.


• Some previous assessments do not account for market 
responses to future retirements, specifically to the 
potential for adding new capacity to meet reserve 
margins. Assuming timely permitting, the need for 
modest new capacity resources could be met with 
quick-to-build natural gas turbines, as well as demand 
side resources.6







A NUMBER OF TOOLS FOR ADDRESSING 
RELIABILITy CONCERNS ARE AvAILABLE TO 
INDUSTRy AND TO STATE AND FEDERAL 
REGULATORS.


EPA should take advantage of its existing statutory 
authorities to structure clear regulations that include 
sensible timelines and encourage cost-effective 
compliance strategies. Specifically, EPA should 
finalize the flexibilities proposed in its Utility Air 
Toxics Rule (which sets “maximum achievable control 
technology” standards for hazardous air pollutants) 
and 316(b) cooling water rule. Where needed and 
allowed by statute, EPA and state permitting agencies 
should grant utilities time extensions – with as much 
advance notice as possible – to install pollution 
control technologies and to build the new capacity 
required to achieve compliance.10


Regional, state, and utility analyses should continue 
to examine the potential localized impacts of 
retirement and retrofit schedules, as well as 
opportunities to attract non-conventional capacity 
resources, such as demand resources, distributed 
generation, and grid-scale energy storage capacity. 
While most studies have taken a national approach 
to reliability assessments, more study is warranted 
to assess localized reliability impacts in the most 
vulnerable regions, and efforts should be made to 
refine and improve analytical tools.


If specific issues are identified, federal and state 
agencies should consider implementing strategies to 
assure reliability while utilities complete upgrades or 
bring new generation online. As a backstop, DOE 
has emergency powers to keep essential generation 
on-line, and the President has emergency powers 
to delay requirements in order to protect national 
security. In addition, EPA may enter into consent 
decrees – which set forth the steps needed to resolve 
non-compliance – to enforce the provisions of the 
Rule. Such consent decrees, however, should aim to 
eliminate any economic advantage that companies 
may otherwise have as a result of operating out of 
compliance. Consent decrees are negotiated once a 
company is deemed in violation, and stakeholders 
may not view this legal mechanism as an acceptable 
option that could be built into company planning. 
However, consent decrees do offer an additional 
means of backstop reliability protection.


10  Some stakeholders endorse efforts to preempt reliability 
concerns and provide extra time up front in the process, 
rather than wait for problems and rely on emergency powers 
and consent decrees. 


Summary of forthcoming EPa rEgulationS


tranSPort rulE – On July 6, 2010, EPA proposed the Transport 
Rule, a replacement for the Clean Air Interstate Rule (CAIR) which 
was previously remanded in a 2008 court decision.7 The newly 
proposed Transport Rule would require 31 states and the District 
of Columbia to meet state pollution limits for sulfur dioxide (SO


2
) 


and nitrogen oxides (NO
X
) as a means to ensure compliance with 


National Ambient Air Quality Standards (NAAQS) for ground-level 
ozone and fine particulate matter (PM). 


utility air toxicS rulE – On March 16, 2011, EPA proposed 
its Utility Air Toxics Rule under a court-ordered deadline to control 
hazardous air pollutants, including mercury, acid gases and non-
mercury metals.8 As specified by the Clean Air Act, the Utility Air 
Toxics Rule provides that plants must com ply with emission 
limitations for hazardous air pollutants within three years, but allows 
an additional year for plants to come into compliance if such time is 
necessary to install pollution controls. 


coal combuStion WaStE DiSPoSal rEgulationS – 
On June 21, 2010, EPA published a proposed rule to take comment 
on whether or not coal combustion waste should be regulated as 
hazardous waste.9 These wastes, which primarily consist of coal ash, 
are generated in large quantities by the power sector. According to 
the proposal, ash could be regulated as “special waste” under the 
Clean Air Act’s hazardous waste provisions (Subtitle C). Alternatively, 
EPA could deem the coal ash non-hazardous and regulate under 
Subtitle D, with self-implementing requirements that are not subject 
to federal enforcement.


clEan WatEr act SEction 316(b) cooling WatEr 
intakE StructurES – To protect fish and aquatic ecosystems, 
EPA proposed regulations on March 28, 2011 for cooling water intake 
structures at electric generating units (EGU) and other industrial 
facilities that draw large amounts of water out of rivers, lakes, 
and oceans. This proposed regulation responds to a settlement 
agreement that was reached after EPA’s earlier cooling water 
proposals were litigated. 


grEEnhouSE gaS PErformancE StanDarDS – On 
December 23, 2010, EPA announced that it will propose greenhouse 
gas performance standards for power plants by July 2011 and finalize 
standards by May 2012. This action is being taken under a settlement 
agreement. At public “listening sessions” to inform this rulemaking 
process, EPA indicated that its greenhouse gas performance standards 
would not be designed to induce “game-changing” technology 
improvements; rather the Agency aims to bring older plants up to 
modern standards of efficiency.


7 State of North Carolina v. Environmental Protection Agency, Et.al. (D.C. Cir. 2008)
8  U.S. Environmental Protection Agency. Proposed Utility Air Toxics Rule. National Emission 


Standards for hazardous Air Pollutants from Coal- and Oil-fired Electric Utility Steam 
Generating Units and Standards of Performance for Fossil-Fuel-Fired Electric Utility, 
Industrial-Commercial-Institutional, and Small Industrial-Commercial-Institutional Steam 
Generating Units. Signed March 16, 2011. Page 59. Available at //www.epa.gov/ttn/atw/
utility/pro/proposal.pdf. 


9  For additional information and the proposed rule see: http://www.epa.gov/wastes/
nonhaz/industrial/special/fossil/ccr-rule/index.htm.
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NEvERThELESS, ThE ELECTRIC POWER SECTOR 
AND ITS REGULATORS FACE PLANNING 
ChALLENGES IF ThE AIM IS TO AvOID 
LOCALIzED RELIABILITy PROBLEMS AND 
MINIMIzE IMPACTS ON ELECTRIC RATES. 


A rapidly shifting market and regulatory environment 
will create planning challenges for the electric power 
industry. The compliance deadlines of the Utility Air 
Toxics Rule, in particular, will accelerate and concentrate 
the decision-making timeframe for plant retirements, 
retrofits, and new infrastructure into a short period 
over the next few years. At the same time, many states 
are weighing new or stronger approaches to incentivize 
clean energy, energy efficiency, and/or non-conventional 
capacity resources. This convergence of issues and 
planning needs offers an opportunity for the industry 
and its regulators to work together to optimize policies 
and investment decisions so as to minimize consumer 
costs, avoid stranded assets, and maximize the benefits 
achieved by modernizing the nation’s electric power 
infrastructure. At the same time, it will undoubtedly also 
present challenges, particularly in heavily affected regions 
where the resources available to support thoughtful 
planning and regulatory processes—both in terms of 
people and funding—are already under severe pressure.


Compliance planning can and should begin early and 
should take into account existing regulations as well as 
the expected regulations. If plant owners begin planning 
now and obtain a one year extension from their permitting 
authority, they will have almost five years from the date of 
the proposed rule to the date of the extended compliance 
deadline. Multi-pollutant planning and efforts to integrate 
non-conventional capacity resources and transmission 
planning will help to minimize rate impacts for electric 
consumers. At the same time, federal, regional, and state 
entities have appropriate roles to play in supporting 
planning efforts and mitigating anticipated reliability 
challenges and costs. 


Specifically, state public utility commissions (PUCs) 
and regional transmission organizations or independent 
system operators (RTO/ISOs) should coordinate closely 
with power companies to ensure early multi-pollutant 
compliance planning and to coordinate retrofit outage 
schedules. To help with the pacing of control retrofits, 
states should continue to look for incentives and 
opportunities to encourage retrofit installations that 
begin well in advance of compliance deadlines. 


Federal agencies, including the Department of Energy 
(DOE), the Federal Energy Regulatory Commission 
(FERC), and EPA, should provide analytic and 
technical support and coordinate with state and regional 
authorities to facilitate a smooth transition. 


In light of the tight timeframes involved, state 
legislatures as well as EPA, DOE, and FERC should 
pursue strategies to help state utility regulators deal 
with increased workloads, particularly in the years 2012 
through 2014, in order to facilitate timely decisions and 
allow the design and building of pollution controls and 
infrastructure, as needed.


DUE TO DIFFERENCES AMONG ThE STATES, 
ThERE IS NO SINGLE APPROACh TO 
COMPLIANCE AND RELIABILITy ThAT WILL 
WORK EvERyWhERE. hOWEvER, A NUMBER OF 
STRATEGIES ARE ALREADy BEING EMPLOyED 
TO SUPPORT EARLy PLANNING IN DIFFERENT 
TyPES OF MARKETS.


In regulated states, the integrated resource planning (IRP) 
process informs state utility regulators who approve 
rate plans. State policy makers should consider a multi-
pollutant approach for rate recovery and planning 
decisions. States should also advance policies that 
encourage and place responsibility with utilities for long 
term decision-making that avoids stranded assets and 
minimizes consumer costs. In addition, state regulators 
should recognize the value of long-term natural gas supply 
contracts to provide price stability and facilitate project 
financing. Finally, traditionally regulated states should 
encourage the development of non-conventional capacity 
resources as one means to help preserve a reliable bulk 
electricity system and minimize consumer costs. 


In restructured states, the transparency of regional or 
state wholesale markets makes it easier to anticipate 
planned retirements and outages; in addition, 
competitive markets create financial incentives for 
timely investment in new transmission, generation, and 
non-conventional capacity. In these states, RTOs and 
ISOs typically facilitate orderly planning for power plant 
retirements by requiring utilities to provide advance 
notice if they intend to retire a unit and by conducting 
reliability impact studies. In light of the large number of 
pollution control equipment installations expected under 
upcoming EPA regulations, these regional entities should 
also play a more active role in coordinating outages, 
including between neighboring regions that might rely 
on each other to meet electricity demand during this 
transition period. 
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This convergence of issues and planning needs 
offers an opportunity for the industry and its 
regulators to work together to minimize consumer 
costs, avoid stranded assets, and maximize the 
benefits achieved by modernizing the nation’s 
electric power infrastructure.
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11  According to EPA, for units projected to retire from the Utility Air Toxics rule, the average capacity factor is 56 percent, the average age is 
51 years, and the average size is 109 Megawatts.


12  U.S. Environmental Protection Agency. Power Plant Mercury and Air Toxics Standards: Overview of Proposed Rule and Impacts. http://
www.epa.gov/airquality/powerplanttoxics/pdfs/overviewfactsheet.pdf.


13 See Section III and Appendix B for details on BPC analysis of the impacts of EPA regulations.


ENSURING A SMOOTh TRANSITION TO A 
CLEANER ELECTRIC POWER SECTOR WILL 
REQUIRE NEW INvESTMENTS IN SUPPLy 
AND DEMAND-SIDE CAPACITy, AS WELL AS 
TRANSMISSION AND OThER INFRASTRUCTURE. 
STATE AND FEDERAL AGENCIES ShOULD 
LOOK FOR OPPORTUNITIES TO STREAMLINE 
ThE SITING AND PERMITTING OF NEW 
INFRASTRUCTURE.


A smooth transition to a cleaner and more efficient 
generation system will require investments in energy 
efficiency, demand response strategies, and cleaner new 
generation capacity along with associated transmission and 
pipeline infrastructure. Fortunately retired capacity will not 
need to be replaced on a one-to-one basis to meet energy 
needs, simply because many of the units likely to be 


retired are not operating at full capacity now and many 
other existing units are under-utilized.11 In 


some instances, of course, the retirement 
of an existing generator may give rise 


to new capacity or transmission 
needs within a relatively brief 


period of time. And while 
the industry has generally 


been able to add capacity 
on the scale and within 
the timeframes needed 
in the past, policy 
makers at the state 
and federal levels 
should explore 
approaches to 
facilitate this process 
by streamlining 


procedures for siting 
and permitting new 


infrastructure.


ThERE MAy BE A ShORT WINDOW OF 
OPPORTUNITy TO ENACT A LEGISLATIvE 
FIX ThAT COULD GUARANTEE ThE 
ENvIRONMENTAL BENEFITS OF ThE CLEAN AIR 
ACT AND PROvIDE A LOWER COST TRANSITION 
FOR ThE POWER SECTOR.


Although BPC believes that the benefits of power sector 
regulation, including new regulations such as the Utility 
Air Toxics Rule, far outweigh the cost, we also recognize 
that associated compliance costs will not be trivial. EPA 
estimates that compliance costs for the Utility Air Toxics 
Rule alone will total $10.9 billion annually. For the 
average electricity consumer, this translates to an increase 
of $3 to $4 per month.12 BPC estimates annual costs 
of $14.5 billion in 2015 and $18.1 billion in 2025 to 
comply with the suite of EPA air, water, and waste rules.13


Some workshop participants suggested that a legislative 
fix could provide equivalent or greater environmental 
benefits at a lower cost than regulatory approaches 
under existing law, particularly for air pollutants. To 
be successful, multi-pollutant legislation would need 
to provide certainty on requirements and timing, and 
encourage rational and timely investment decisions in 
pollution controls and new capacity. Further, multi-
pollutant legislation should ultimately guarantee the 
environmental benefits available under current authority, 
while offering a smoother transition. Several market-
based, multi-pollutant legislative proposals have been 
debated in recent years. While recognizing that it would 
be politically difficult to advance new legislation, the 
BPC believes that this approach could provide public 
health and economic benefits and should be explored in 
the coming months.
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TVA Messages and Q&A 
 
On Thursday, April 14, 2011 EPA will announce a Clean Air Act settlement with the Tennessee Valley 
Authority (TVA).  The settlement will address 92 percent of TVA’s coal-fired plant capacity and reduce 
emissions of nitrogen oxides (NOx), sulfur dioxide (SO2) and particulate matter.  These pollutants are 
known to cause asthma attacks, bronchitis, heart attacks and other serious health effects.  The 
settlement will also significantly reduce greenhouse gas emissions.   
 
Top-line Messages 
 
Investing in America’s Clean Energy Future 
TVA estimates the capital costs for new and upgraded state-of-the-art pollution controls required by 
this settlement to range from $3 to $5 billion – investments in cleaner air. 
 
The settlement requires TVA to chart a path towards cleaner sources of energy by controlling, 
repowering or retiring 92 percent of its coal-fired system between 2011 and 2018.   
 
In negotiating the agreement, TVA made a business decision to invest in cleaner sources of electricity – 
replacing older, more polluting and less efficient plants with natural gas, increasing sustainable energy 
investments and promoting energy efficiency.   
 
Protecting Americans from Dangerous Air Pollution 
EPA’s settlement with TVA will protect the environment and health of millions of Americans and 
annually save up to $27 billion in health care costs by reducing harmful air pollution.   
 
Uncontrolled releases of harmful air pollution like sulfur dioxide from power plants can affect 
breathing and aggravate respiratory and cardiovascular diseases, especially in sensitive populations like 
children and the elderly.   
 
TVA will also spend $40 million to reduce greenhouse gas emissions and other pollutants through 
renewable projects such as hybrid electric charging stations and $8 million for a clean diesel and 
electric vehicle project for public transportation systems.   
 
Addressing Environmental Justice through EPA Enforcement Actions 
The communities near TVA’s facilities will directly benefit from $350 million in cleaner energy 
investments designed to reduce harmful air pollution and increase energy efficiency.  This settlement 
advances environmental justice by reducing pollution in overburdened communities  and reducing 
energy costs for low income communities through significant investments in energy efficiency.   
 
TVA is required to spend $240 million on energy efficiency initiatives including a Smart Energy 
Communities project that will focus on energy efficiency in low-income communities.  TVA will also 
retrofit low-income housing with the most cost-effective energy efficiency technologies – reducing air 
pollution, energy use and saving residents money.   
 
Key Qs and As 







 


 


Q1 Why is this a landmark settlement? 
 
A.  TVA has one of the largest coal-fired systems in terms of megawatt capacity in the country.  The 
settlement will reduce TVA’s emissions by 69% for NOx and 67% for SO2 as measured by 2008 
emissions. 
 
This agreement requires huge reductions in air pollution with significant health benefits and requires 
installation of state of the art pollution controls.  Beyond the significant benefits for cleaner air and the 
health of Americans from the hundreds of thousands of tons of pollution taken out of the air, the 
agreement sets a new standard for investment in cleaner energy: 
 


 Big reductions in pollution from the oldest, dirtiest and least efficient plants 


 A shift toward cleaner sources of energy 


 Very big investments in energy efficiency, especially for lower income communities 


 Investments in energy of the future – clean and renewable energy like waste heat recovery, 
solar, electric vehicle and hybrid electric charging stations, landfill gas capture. 


 
Q2: How will today’s settlement impact TVA’s compliance with EPA’s new air toxics standards and 
other clean air rules (e.g. utility MACT and transport rule)? 
 
A. Today’s settlement brings TVA into compliance with New Source Review requirements of the Clean 


Air Act.  TVA still has to meet any new standards that may be set. Some of the actions required under 


this agreement will position them well to address future standards at many but not all of the units.  


The agreement specifically acknowledges, and TVA is aware, that compliance with this agreement does 


not guarantee TVA’s compliance with any applicable federal, state, or local laws, including such future 


standards as the utility MACT.  The compliance dates in this agreement, which extend beyond the 


proposed utility MACT compliance date for some of the units, should not be viewed as any type of 


signal regarding TVA’s compliance obligations.  


Q3. Won’t rate payers end up footing the bill for this? How will that affect families in this fragile 
economy? 
 
A. TVA has said that this settlement will not impact consumer electricity rates.   


Q4. How many coal plants will be retired? 


A.  In negotiating the settlement, TVA made a business decision to retire 18 units on a schedule 


beginning in 2012.  These units equal 16% of TVA’s coal-fired system and represent some of the older 


and least efficient units in its coal-fired fleet. 


Q5.  How will TVA replace the capacity of its retired units? 


A.  TVA has made a business decision to modernize its fleet.  Under the settlement, TVA is able to use 


emissions reductions from retiring coal-units to build up to 4,000 megawatts of new natural gas fired 







 


 


power plants.  TVA has also indicated that it may repower at least one of its units to renewable 


biomass. 


Q6.  Will this settlement have negative impacts on electricity reliability for TVA customers? 
 
A.  According to TVA, this agreement will not have any negative impacts on electricity reliability. 
 
Q7.  How would TVA be affected by EPA’s proposed standards for cooling water systems at large 
power plants and factories? 
 
A.  This agreement does not change TVA’s obligations to comply with any water requirements that 


apply now or may apply in the future.   


Q8.  What progress has been made in cleaning up the TVA Kingston Coal Ash Spill? 
 
A.  That clean up is proceeding.   
 
An estimated 3.5 million cubic yards of coal ash has been removed from the Emory River. Dredging was 
completed on May 29, 2010 and the Emory River was reopened for navigation and recreation. 
Approximately 4 million tons of ash was transported and disposed at the Arrowhead Landfill in Perry 
County.  The last load was shipped on December 1, 2010. 
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I. Executive Summary 


he Gulf of Mexico is among the nation’s most valuable and important ecosystems. This 
ecosystem, consisting of offshore waters and coastal habitats of Alabama, Florida, 
Louisiana, Mississippi and Texas, is home to ecologically, commercially and 
recreationally important species of fish and wildlife. The Gulf Coast and its natural 


resources are important to the U.S. economy producing 30 percent of the nation’s gross domestic 
product in 2009.1 The region provides: more than 90 percent of the nation’s offshore oil and 
natural gas production;2 33 percent of the nation’s seafood;3 13 of the top 20 ports by tonnage in 
the United States in 2009;4 and significant recreation and tourism benefits. The five U.S. Gulf 
Coast states, if considered an individual country, would rank 7th in global gross domestic 
product. 5 The Gulf Coast region’s economy is highly intertwined with its natural resource base, 
including oil and gas deposits, commercial and recreational fisheries, coastal beaches, and 
waterways for ports, waterborne commerce, and tourism.6


  
  


Although the Gulf Coast has significant natural resource and economic value, its long-term 
future is not secure. Gulf Coast states have experienced coastal land loss due to the alteration of 
natural hydrology and other human activities, as well as from events such as tropical storms and 
hurricanes. The building of levees on the Mississippi River and its tributaries since the 18th 
century has contributed to depriving once-thriving wetlands and barrier islands of the freshwater, 
sediments and nutrients they need to survive. Sediment is the lifeblood of the Gulf ecosystem 
where coastal Louisiana was formed over the course of 7,000 years by deltaic processes, 
including intermittent flooding of the Mississippi River, which delivered sediment to different 
coastal regions. In the Gulf, communities, commerce and ports have long relied on the extensive 
network of human-made flood damage risk reduction and navigation structures for their 
existence. Accordingly, river management priorities historically have centered on navigation and 
flood risk reduction. While clearly successful in meeting those two goals, those priorities created 
unintended consequences to the surrounding environment by accelerating wetland and barrier 
island erosion and restricting the flow of vital sediments that had sustained the Gulf ecosystem 
over time. Oil and gas industry canals, pipelines and other infrastructure crisscrossed the 
landscape to accommodate exploration, development and commercial activity related to these 
enterprises and also contributed to wetland loss. Furthermore, studies indicate that geologic land 
subsidence exacerbates sea-level rise impacts.7 Over the last seven decades approximately 1,883 
square miles of wetlands in Louisiana alone, a land mass roughly the size of Delaware, have 
been lost.8


T 
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The Gulf of Mexico watershed comprises 56 percent of the continental United States (see Gulf of 
Mexico Watershed Extent in the United States).9 The Mississippi Atchafalaya River Basin alone 
drains an estimated 40 percent of the continental United States.10


  


 Excess nutrients (nitrogen and 
phosphorus) and pollutants flowing into the Gulf from upstream basins degrade water quality in 
the Gulf of Mexico. As a result, the Gulf’s estuaries are becoming increasingly degraded for both 
human use and aquatic life.  


Recognizing the importance of the Gulf of Mexico and its ecosystems, and in response to the 
Deepwater Horizon oil spill and the recommendations proposed by Secretary of the Navy Ray 
Mabus in America’s Gulf Coast: A Long Term Recovery Plan after the Deepwater Horizon Oil 
Spill (September 2010), President Barack Obama established the Gulf Coast Ecosystem 
Restoration Task Force (Task Force) on October 5, 2010.11 The purpose of the Task Force is to 
coordinate the long-term conservation and restoration of America’s Gulf Coast. The Task Force 
consists of senior officials from seven federal cabinet agencies, the Executive Office of the 
President, and representatives from the five Gulf Coast states of Alabama, Florida, Louisiana, 
Mississippi and Texas. As part of its mandate, the Task Force is charged with developing a Gulf 
of Mexico Regional Ecosystem Restoration Strategy (Strategy) to drive action and guide the 
long-term collaboration that will be necessary to effectively address and reverse widespread 
environmental degradation and to ensure a healthy environment and economic future for the 
Gulf. This Strategy considers the important observations and recommendations proposed in the 







G U L F  O F  M E X I C O  R E G I O N A L  E C O S Y S T E M  R E S T O R A T I O N  S T R A T E G Y  ( P R E L I M I N A R Y )  
O C T O B E R  5 ,  2 0 1 1  


I .  E X E C U T I V E  S U M M A R Y  3 


National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling report to the 
President, Deep Water, The Gulf Oil Disaster and the Future of Offshore Drilling (January 2011) 
(Oil Spill Commission Report).12


The Strategy: Overarching Goals and Framework for Restoration 


  


Many of the Gulf’s challenges are complex and long-standing, and correcting the problems will 
require sustained and consistent effort over time. The Task Force’s Strategy was developed 
through a review of existing plans and efforts and significant public outreach during the last year. 
The Strategy builds on ongoing work and priorities of each of the Gulf Coast states, local 
communities, federal partners, academics and nongovernmental organizations (NGOs). The 
restoration framework consists of four overarching goals to guide the collective actions at the 
local, state and federal level that are necessary to reverse the ongoing decline and restore the 
Gulf Coast’s ecosystem. The Task Force’s goals for the Gulf Coast restoration effort are the 
following: 
 


1. Restore and conserve habitat 
2. Restore water quality 
3. Replenish and protect living coastal and marine resources 
4. Enhance community resilience 


 
The Strategy includes enhanced community resilience as a goal in order to highlight the 
connectedness of ecosystem restoration with the well-being and sustainability of coastal 
communities. This goal also emphasizes the planning and technical assistance needs of 
vulnerable coastal communities as they assess risks, plan for and rebound from natural disasters, 
and implement sustainable development approaches. As progress is made to improve water 
quality and protect and enhance the Gulf of Mexico’s habitats and resources, communities 
benefit from improved ecosystem services, such as better storm protection and healthier 
fisheries.  
 
A key function of the Task Force is to help advance state and federal activities that will achieve 
the overarching restoration goals. The Task Force intends to help member agencies address 
process and other barriers, facilitate program implementation and alignment, and better leverage 
scientific expertise and fiscal resources in support of Gulf Coast restoration.  
 
In addition to encouraging better collaboration among state and federal agencies, partnerships 
play an integral role in restoring ecosystem functions throughout the Gulf region. The Task 
Force believes it is critically important to foster an inclusive dialogue and expand on 
public/private partnerships in order to achieve ecosystem restoration in the Gulf of Mexico.  


Major Actions 
Within each of the four goals, the Task Force has identified specific actions that require the most 
immediate attention, and that will build the initial foundation for an effective regional 
partnership framework. These are articulated in the following table: 
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- MAJOR ACTIONS 


Goal:  


Restore and 
Conserve 
Habitat 


 Prioritize ecosystem restoration in the Gulf of Mexico by ensuring that social, 
environmental and economic outcomes are fully considered in all river management 
decisions, and by placing it on equal footing with other priorities such as navigation and 
flood damage risk reduction. 


 Improve current sediment management practices to maximize to the extent practicable and 
ecologically acceptable the quantity and effective use of sediments by taking a “strategic 
use” approach to sediment management. 


 Restore and preserve more natural river processes of sediment and freshwater distribution. 


 Expand the network of state, federal and private conservation areas to ensure healthy 
landscapes that support the environment and culture of the region and the diverse services 
provided by the Gulf of Mexico ecosystem. 


 Restore and conserve coastal and near-shore habitats, with a focus on marshes, 
mangroves, seagrasses, barrier islands, natural beaches and dunes, and coastal forests and 
prairies. 


Goal:  


Restore 
Water Quality 


 Decrease and manage excess nutrient levels in the Gulf through the development and 
implementation of state nutrient reduction frameworks.  


 Focus restoration actions in priority watersheds to address excess nutrients in coastal 
waters and reduce hypoxic conditions. 


 Reduce pollutants and pathogens from stormwater flows and other sources. 


 Improve the quality and quantity of freshwater flow into priority estuaries to protect their 
health and resiliency. 


 Coordinate and expand existing water quality monitoring efforts supporting adaptive 
management of programs and projects designed to improve water quality. 


 Collaborate with Mexico to assess and reduce emissions from oceangoing vessels in the 
Gulf that degrade water quality. 


Goal:  


Replenish and 
Protect Living 
Coastal and 
Marine 
Resources 


 Restore depleted populations of living coastal and marine resources. 


 Conserve and protect offshore environments.  


 Restore and protect oyster and coral reefs. 


 Coordinate and expand existing Gulf monitoring efforts to track sentinel species and sites. 


 Minimize, and eliminate where possible, invasive species that impact the Gulf of Mexico. 


Goal:  


Enhance 
Community 
Resilience 


 Develop and implement comprehensive, scientifically based, and stakeholder-informed 
coastal improvement programs. 


 Provide analytical support tools to enhance community planning, risk assessment and 
smart growth implementation. 


 Promote environmental stewardship by expanding environmental education and outreach. 
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The Task Force recognizes the value of intergovernmental collaboration, the need for dedicated 
funding for large landscape-level restoration efforts and the importance of a strong scientific 
foundation for restoration. Accordingly, the Task Force reiterates recommendations made by 
Secretary Mabus that call for Congress to:  
 
 Formalize the long-term intergovernmental partnership among the Gulf Coast states and 


the federal government by establishing a successor coordinating body to the Gulf Coast 
Ecosystem Restoration Task Force. 


 Dedicate a significant portion of the eventual Clean Water Act civil penalties resulting 
from the Deepwater Horizon oil spill for Gulf recovery, in addition to current funding for 
Gulf programs. 


The priorities and recommended actions outlined in the Task Force Strategy should be used to 
guide the application of resources directed to Gulf ecosystem restoration by Congress. Since 
Congress has not yet fully addressed these recommendations, this Strategy is built on existing 
authorities and resources. It is a significant step representing enhanced collaboration and a 
recognition of the shared responsibility among federal and state governments to restore the Gulf 
Coast ecosystem. In this time of severe fiscal constraints, Task Force member agencies are 
committed to establishing shared priorities and working together to achieve them.  


The Strategy details a restoration framework and series of actions that Task Force member 
agencies can take to support each of the restoration goals. It also lays out a series of next steps 
that will better align agency programs and leverage scientific and fiscal resources. Given the 
inherent complexities of undertaking ecosystem restoration on this scale, a key focus of 
implementation will be to ensure that ecosystem restoration efforts have a robust scientific 
foundation and use an effective adaptive management framework including necessary 
monitoring, modeling, research, and decision-support tools. Integrating adaptive management 
into restoration efforts will help ensure that progress can be made, even in the absence of 
scientific certainty. The implementation component of the Strategy will set forth specific on-the-
ground actions and milestones by which the intergovernmental partners can achieve and measure 
progress of the restoration of America’s Gulf Coast. 
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II. Introduction 


Importance and Value of the Gulf of Mexico 
 
panning nearly 600,000 square miles across five U.S. states (Alabama, Florida, Louisiana, 
Mississippi and Texas), six Mexican states, and Cuba, the Gulf of Mexico constitutes a 
diverse and vibrant ecosystem, which is a vital environmental, economic and cultural asset 
for the United States. Despite many significant environmental and human-made stressors, 


the Gulf is able to support a host of commercial and recreational uses and provide the backdrop 
for the unique cultures and heritage of this region. However, unless bold and broad-scale 
measures are taken soon, the health and future of the Gulf will remain in jeopardy.  
 
The Gulf is endowed with a variety of coastal and marine habitats, including wetlands, barrier 
islands, beaches, and coral and oyster reefs. These habitats are integral to the Gulf and national 
economies and cultural fabric, providing a range of ecosystem services including fisheries, food 
production, energy production, infrastructure protection, and recreational opportunities. Healthy 
Gulf Coast habitats also contribute to the resilience of Gulf Coast communities, providing a line 
of defense for coastal communities and their associated infrastructure against powerful storms. 
The Gulf’s wetlands provide a natural flood attenuation function, which may reduce the impacts 
of flooding associated with storms. Healthy wetlands could also reduce potential future impacts 
associated with climate change.  
 
Gulf habitats are also rich havens of biodiversity. Wetland complexes along the coast provide 
foraging and nesting habitats for numerous species of birds along one of the most important 
migratory flyways in the world. Coastal marshes and near-shore habitats provide essential 
nursery habitat for ecologically, commercially and recreationally important species of fish and 
invertebrates. Offshore, the Gulf supports biologically diverse marine habitats and species, 
including deepwater corals, sponges, fish stocks and other unique communities. The Gulf region 
is also home to coastal, marine and freshwater species listed as threatened or endangered and 
several species of protected marine mammals.  
 
The Gulf Coast is a powerful economic engine for the nation and home to a wide range of 
industries, including more than 90 percent of domestic offshore oil and gas production,13,14,15 
one-third of the U.S. seafood harvest,16 and a vast network of commercially important shipping 
lanes and ports. Tourism and recreational activities, such as fishing, boating, beachcombing and 
bird watching support more than 800,000 jobs17


 


 across the region, making a significant 
economic input to Gulf communities and the nation. All of these industries depend on a healthy 
and resilient Gulf. 


S 
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Problems Affecting the Gulf 
The Deepwater Horizon oil spill was a reminder of the delicate balance among the environment, 
the economy and public health in the region. However, the oil spill was only the most recent in a 
long line of negative environmental impacts (e.g., navigation canals, energy pipelines, hypoxic 
zone) that have plagued the Gulf states for decades. Following the oil spill, Secretary of the Navy 
Ray Mabus led an assessment of the most pressing challenges facing the Gulf of Mexico 
ecosystem. The report, America's Gulf Coast: A Long Term Recovery Plan after the Deepwater 
Horizon Spill (September 2010), described them as follows:18


 
 


 Loss of wetland habitats, including coastal marshes, forested wetlands, barrier islands, 
and coastal shorelines that form the Mississippi River Delta and Chenier Plains. While 
an issue in every Gulf state, the loss of coastal habitat has been most dramatically 
illustrated in Louisiana and highlights the need to maintain freshwater and sediment 
flows to the Gulf of Mexico. Since the 1930s, the coast of Louisiana has lost over 2,000 
square miles (25-35 square miles per year) of wetlands.19


 Erosion of barrier islands and shorelines throughout the Gulf Coast. From Florida to 
Texas, continued erosion of the coastal barrier island system undermines storm protection 
for coastal communities, threatens the beaches that support the local tourism economy, 
and affects numerous species that rely on these barrier islands for habitat (e.g., Kemp’s 
Ridley and loggerhead sea turtles, numerous shorebirds and the Alabama beach mouse).  


 Causes of this loss include a 
combination of erosion, storm damage, land subsidence, alterations to natural freshwater 
and sediment flow from the Mississippi River, dredging of canals for oil and gas 
exploration and pipeline installation activity, and the construction of navigation and flood 
control structures along the Mississippi River. Climate change (including the impacts of 
inundation and sea-level rise) threatens to accelerate the loss of these habitats.  


 Loss and degradation of coastal estuarine habitat. The estuaries and coastal systems of 
the Gulf Coast—such as Mobile Bay, Apalachicola Bay, Galveston Bay, Tampa Bay, 
Florida Bay, the Mississippi Sound, Barataria Bay and others—provide the nursery 
habitat for most of the fishery resources in the Gulf, and support a nationally important 
oyster industry. These estuaries are impacted by a variety of stressors, including 
pollution, coastal development, energy development, erosion, hydrological alteration, 
changes in freshwater inflow, structural marsh management and overfishing. Many of 
these bay systems have been recognized as estuaries of national significance by the 
National Estuary Program of the Environmental Protection Agency (EPA) under the 
Clean Water Act or as National Estuarine Research Reserves under the Coastal Zone 
Management Act, and are the focus of existing place based protection and restoration 
efforts. 


 Imperiled fisheries. Several of the major commercially and recreationally important 
finfish species are currently experiencing pressures from overfishing or have been 
overfished. In some cases, these conditions have persisted for many years. Additionally, 
contaminants such as methyl-mercury in fishes, and red tide organisms and human 
pathogens in shellfish, reduce fishery values and endanger human health. Under the 
Magnuson-Stevens Fishery Conservation and Management Act, federally managed 
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populations of National Oceanic and Atmospheric Administration (NOAA) trust species 
such as red snapper, grouper and mackerel are being rebuilt through the efforts of the 
Gulf of Mexico Fishery Management Council and state fishery management agencies. 
The impact of the Deepwater Horizon oil spill on the rebuilding efforts for these species 
is as yet unclear. 


 Hypoxia (low oxygen) in the Gulf of Mexico. Hypoxia occurs where the concentration of 
dissolved oxygen in the water column decreases to a level that reduces the quality of 
habitat, resulting in death or migration away from the hypoxic zone. The northern Gulf of 
Mexico adjacent to the Mississippi River is the site of the largest hypoxic zone in the 
United States and the second largest hypoxic zone worldwide. This Gulf of Mexico 
“Dead Zone” is caused by input of excess nutrient pollution to the Gulf most of which 
comes from upstream through Mississippi River drainage. A federal-state Hypoxia Task 
Force has been working to address factors leading to low-oxygen conditions, and EPA 
and the Department of Agriculture (USDA) have jointly worked to develop strategies to 
reduce nutrient runoff. NOAA has been working on developing models to support better 
understanding of biological-systems transport, including hypoxia predictions.  


 Climate change. Our changing climate is already altering, perhaps irreversibly, the 
physical, chemical and biological characteristics of our oceans, coasts and adjacent 
watersheds. Increasing air and water temperatures, changing precipitation patterns rising 
sea level, and ocean acidification will increasingly confound efforts to restore or sustain 
system states. Federal and state natural resource managers need the information and tools 
to develop strategies for mitigating and adapting to a dynamic environment and ongoing 
habitat reorganization and restructuring.20


Additionally, smaller-scale environmental impacts are evident in localized areas of the Gulf. For 
example: 


  


 
 Bays and estuaries throughout the Gulf of Mexico, such as Galveston Bay in Texas and 


Apalachicola Bay in Florida, have been degraded by reduced freshwater input from the 
upstream construction of dams and the heavy use of river water for municipal, industrial 
and agricultural purposes.  


 Channels and canals for navigation and oil and gas activity in Texas and Louisiana have 
allowed a greater inflow of salt water from the Gulf of Mexico into the estuaries. In some 
cases, this has caused saltwater intrusion into freshwater marshes and forested wetlands, 
stressing these habitats and converting them to open water.  


 In Mississippi, the Pascagoula River and its economically vital navigation channel are 
dredged, interrupting the natural transport of sediments that nourish the barrier islands.  


 In Alabama, the five rivers emptying into Mobile Bay carry excess sediment, which 
results in high turbidity, or clouding of the water. The clouded water deprives submerged 
aquatic vegetation of the light it needs to grow. This unique vegetation provides 
important habitat for marine species. 
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 In Florida, bay systems near Pensacola, Tampa, Naples and Fort Myers suffer from near-
coastal water quality issues, such as periodic harmful algal blooms affecting marine life, 
human health and tourism.  


The degradation of coastal and marine environments and the services they provide illustrates the 
often unintended consequences associated with managing the effects of well-intended and 
necessary projects such as navigation and flood control in such a complex system. Future 
impacts associated with storms, land subsidence, sea-level rise and river system management 
will only amplify the region’s vulnerability. Scientific research, models, forecasts and 
visualization tools will inform steps to curb the impacts of multiple stressors on Gulf ecosystems 
to reduce the harm to the marine and terrestrial environment, national commerce, maritime 
industry, energy security, fisheries and cultures of the Gulf Coast. 


Role of the Gulf Coast Ecosystem Restoration Task Force 
On October 5, 2010, President Barack Obama issued Executive Order 13554, establishing the 
Gulf Coast Ecosystem Restoration Task Force. The Task Force was created in the wake of the 
Deepwater Horizon oil spill, on the recommendation of Secretary of the Navy Ray Mabus in his 
report. Ecosystem restoration, as defined by the Executive Order, means:  
 


… all activities, projects, methods, and procedures appropriate to enhance 
the health and resilience of the Gulf Coast ecosystem, as measured in 
terms of the physical, biological, or chemical properties of the ecosystem, 
or the services it provides, and to strengthen its ability to support the 
diverse economies, communities, and cultures of the region. It includes 
activity that initiates or accelerates the recovery of an ecosystem with 
respect to its health, integrity, and sustainability. It also includes 
protecting and conserving ecosystems so they can continue to reduce 
impacts from tropical storms and other disasters, support robust 
economies, and assist in mitigating and adapting to the impacts of climate 
change. 


 
The Task Force is directed to address the persistent and significant decline of the Gulf ecosystem 
by working with state and federal agencies, tribes, communities, stakeholders and the public 
throughout the Gulf Coast to develop an ecosystem restoration Strategy.  
 


Strategy Development 
 
Building on prior federal and state efforts, the Task Force developed a shared vision for the Gulf 
Coast, which is to achieve a resilient, healthy Gulf of Mexico ecosystem that supports the diverse 
economies, communities and cultures of the region. The vision requires that the federal 
government and states align their activities effectively and collaborate to set realistic and 
measurable goals for restoration and protection of wetlands, barrier islands, and other coastal and 
marine features. While this Strategy focuses on the restoration of the Gulf ecosystem, it supports 
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and builds on the first line of defense—protection—provided by other essential efforts for 
maintaining existing areas of healthy habitat across the Gulf Coast. 
 
During the course of their work, Task Force members witnessed first-hand local and state 
restoration activities and visited with many groups and associations integral to Gulf restoration. 
The mission of the Task Force was not to develop another “new” plan. Rather, the Task Force set 
out to build on existing work, learn from those who are actively involved in ecosystem 
restoration, and craft an agenda that would provide unified and strategic direction for restoration 
activities across the Gulf. Building off of the region’s existing work, the Task Force aims to 
jump-start action to bring about a more healthy and vibrant Gulf ecosystem.  
 


P U B L I C  A N D  S T A K E H O L D E R  E N G A G E M E N T  
In developing this Strategy, the Task Force met at least once in each of the five Gulf states, 
beginning in Pensacola, Florida, on November 8, 2010, and ending in Biloxi, Mississippi, on 
August 30, 2011. Each Task Force meeting included public listening sessions to gather valuable 
individual input from those most connected to Gulf. Initially, the Task Force designed sessions to 
generate discussion on specific ecosystem restoration focus areas, and to gather individual ideas 
and opinions from particular stakeholder groups, including local governments, business and 
industry, academics and NGOs. Later Task Force meetings focused on specific aspects of the 
Strategy and included panel presentations by experts in water quality, community resilience, 
habitat conservation, public engagement and science. In addition to the listening sessions that 
took place during public meetings, the Task Force held multiple listening sessions throughout the 
Gulf with partner organizations such as the National Estuary Programs, local government 
leadership and academic institutions. Approximately 2,000 attendees contributed to Strategy 
development through Task Force listening sessions. 
 


 
 
The Task Force also looked to two of EPA’s federal advisory committees, the Local Government 
Advisory Committee (LGAC) and the National Environmental Justice Advisory Council 
(NEJAC) for input into Strategy development. Both groups were responsive in mobilizing work 
groups to generate views and recommendations to the EPA Administrator, Lisa P. Jackson, who 


Coordination on Health and Economic Concerns 
From the first Task Force meetings, public audiences have included many directly affected by 
the Deepwater Horizon oil spill. Public comments from these meetings included oil-spill-related 
concerns, such as economic claims problems, health-related issues, and seafood safety 
questions, among others. While the Strategy focuses on ecosystem restoration, the Task Force 
has shared these concerns relating to the spill with the relevant departments and agencies.  


During the course of Task Force meetings, federal, state and local government officials provided 
the Task Force with updates on seafood safety issues and oil spill recovery activities. In 
addition, representatives from the Department of Health and Human Services and the 
Department of Commerce were routinely invited to participate in Task Force public listening 
sessions to meet individually with and answer questions from members of the public on these 
matters.  
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shared this information with members of the Task Force. In May 2011, based on public input 
received, Administrator Jackson announced plans to establish a new EPA federal advisory 
committee, a 25-member Gulf of Mexico Citizen Advisory Committee, which will become an 
additional vehicle for citizen engagement and support as the Strategy recommendations are 
implemented. 


S C I E N C E  T O  I N F O R M  G U L F  E C O S Y S T E M  R E S T O R A T I O N  S T R A T E G Y  
Recognizing that successful ecosystem restoration must be based on sound science, the Task 
Force established teams to examine specific topics that would support the Strategy’s restoration 
goals. These teams sought to identify both the best science available and the critical gaps in our 
knowledge of the Gulf ecosystem. Specifically, the Task Force Science Coordination Team 
examined current conditions within the Gulf ecosystem and science needs to help support 
restoration and conservation. Additionally, Task Force member agencies and states have 
contributed their extensive expertise and perspectives to address the long-standing challenges 
facing the Gulf, including how best to design and implement restoration projects, and assess their 
success using a robust scientific foundation and an adaptive management framework (e.g., 
Comprehensive Everglades Restoration Plan).  


 
C O N S U L T A T I O N  A N D  C O O R D I N A T I O N  W I T H  T R I B E S  
The Task Force conducted consultation and coordination with affected federally recognized 
tribes in Gulf Coast states during the development of the Strategy. EPA facilitated the Task 
Force consultation following Executive Order 13175 on consultation and coordination with 
Tribes and EPA’s Tribal Consultation Policy, and was also informed by the consultations 
supporting the oil spill response and Natural Resource Damage Assessment (NRDA) process. 
The tribal consultation and coordination included face-to-face meetings, webinars and 
conference calls. Tribes had access to background documents and could provide comments via 
EPA’s Tribal Portal (www.epa.gov/tribal). All comments were summarized and provided via the 
Tribal Portal. In response to discussions with tribal representatives from the federally recognized 
tribes, the Task Force also sought input from tribes with ancestral lands in the Gulf. 
 


 


Future Efforts for the Task Force 


L E V E R A G I N G  P A R T N E R S H I P S  
Throughout the five Gulf states, partnerships among communities, NGOs, private industry, 
foundations, landowners and government agencies have played an integral role in the success of 
prior and ongoing conservation and restoration efforts. The Task Force believes it is critically 
important to foster an inclusive dialogue and expand public/private partnerships in order to 
successfully implement the goals of this Strategy. Particularly in times of challenging budgets, 
partners are an essential component of achieving ecosystem restoration.  The Task Force intends 
to engage with communities, private industry, foundations, landowners and NGOs in order to 
leverage each partner’s investments and identify activities for maximum benefit to the 
ecosystem. 
 



http://www.epa.gov/tribal
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To optimize efficiency, the Task Force plans to continue to assess efforts and capabilities—its 
own and others’—to ensure that it is adding value to restoration activities in the Gulf region. The 
Task Force operates in coordination with multiple intergovernmental bodies, including the Gulf 
of Mexico Alliance (GOMA), the Mississippi River/Gulf of Mexico Watershed Nutrient Task 
Force (Hypoxia Task Force), the NRDA Trustee Council for the Deepwater Horizon oil spill, 
and the National Ocean Council. Each of these entities provides expertise and capacity to address 
a unique group of problems and issues in the Gulf of Mexico. The Task Force seeks to improve 
cooperation and coordination among various federal, state and local entities, reduce duplication 
of efforts, and help align and move forward sustainable resource management strategies, 
restoration plans and resiliency projects. 
 
 The Gulf of Mexico Alliance. One group that shares important goals for the future of the 


Gulf is GOMA, which was formed in 2004 with the goal of significantly increasing 
regional collaboration to enhance the ecological and economic health of the Gulf of 
Mexico. This regional partnership includes the governors of the states of Alabama, 
Florida, Louisiana, Mississippi, and Texas, as well as federal partners, including EPA, 
NOAA, DOI, DOD, NASA, DOT, CEQ, DOS, HHS, DOE, NSF and USDA. To 
complement state and federal leadership and provide additional expertise and resources, 
GOMA has strong established partnerships with academia, Gulf research institutions, 
industry and NGOs. The six GOMA priority issue working teams focus on: (1) water 
quality for healthy beaches and seafood, 2) habitat conservation and restoration, 3) 
ecosystems integration and assessment, 4) reducing nutrient impacts to coastal 
ecosystems, 5) coastal community resiliency, and 6) environmental education.21


 The Hypoxia Task Force. The Hypoxia Task Force comprises 17 state and federal 
agencies. EPA currently co-chairs the Task Force with Mississippi. The mission of the 
Hypoxia Task Force is to understand the causes and effects of hypoxia in the Gulf; 
coordinate activities to reduce the size, severity and duration of the hypoxic zone; and 
ameliorate its effects. It provides a forum for state water quality and agriculture agencies 
to partner on local, state and regional efforts to mitigate nutrient loading, encouraging a 
holistic approach that takes into account upstream sources and downstream impacts.  


 GOMA 
achieves its mission through strong and strategically leveraged Gulf-wide interstate and 
cross-federal agency research integration, data sharing, conservation and restoration 
policy analysis, regional sediment management, and ecosystem-based habitat protection 
and restoration efforts. 


In its most recent Gulf Hypoxia Action Plan (2008), the Hypoxia Task Force emphasized 
its commitment to work with states to develop nutrient reduction strategies and increase 
accountability.  


In 2012, Iowa will assume the state co-chair position through 2014. 


 Natural Resource Damage Assessment Trustee Council. The work of the Task Force is 
related to the ongoing work of the Trustee Council, which is conducting a NRDA for the 
Deepwater Horizon oil spill. The Trustee Council focuses on assessing the Deepwater 
Horizon oil-spill-related natural resource injuries. The Task Force has a broader charge, 
extending to other long-standing challenges facing Gulf Coast ecosystems beyond the 
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Deepwater Horizon oil spill. These challenges include significant coastal land and 
wetlands loss, degraded water quality, depletion of marine resources, coastal erosion and 
the adverse effects of climate change. The Task Force is directed to devise an agenda for 
the long-term restoration and conservation of the diverse ecosystems of the Gulf Coast 
that will ensure its long-term environmental, economic and health benefits. Additionally, 
the Task Force was directed to foster collaboration among governments, the public and 
diverse stakeholders to build on existing plans and activities designed to address Gulf 
restoration. Collaboration and coordination will be a key ongoing responsibility of the 
Task Force in its work to facilitate implementation of state and federal ecosystem 
restoration programs.  


 The National Ocean Council. The National Ocean Council and the Gulf Coast Ecosystem 
Restoration Task Force, both established by Presidential Executive Order, share 
important elements for the future of the Gulf Coast. The National Ocean Council is 
charged with implementing the National Ocean Policy and addressing broad, national 
enhanced stewardship of our oceans, coasts and Great Lakes, including economic, 
environmental, social and national security issues. The Gulf Coast Ecosystem Restoration 
Task Force is charged with addressing ecosystem restoration needs in the Gulf of Mexico 
region and supports implementation of an important piece of the overarching National 
Ocean Policy. 


The National Ocean Council and the Task Force are both engaged in promoting regional 
scale protection and restoration; addressing water quality impacts and other large scale 
threats; ecosystem-based management; and providing coordination and support among 
federal and state agencies. The National Ocean Council will reinforce and support the 
Task Force on regional and geographic initiatives and activities through its national 
strategies. Furthermore, the Gulf of Mexico Regional Ecosystem Restoration Strategy 
will inform the National Ocean Council’s national strategic action plans. The overlap of 
federal agency members of both bodies will ensure that they will share best practices, 
information and advancements in science and management of coastal ecosystems. 


The Council and the Task Force will work together to better integrate and coordinate 
planning, decision-making, and regulatory enforcement and ensure the integration of best 
practices, information, discoveries, and advancements in science and management of 
coastal ecosystems. These efforts will promote and sustain a culture of shared 
stewardship, both across federal agencies and between federal, tribal, state and local 
jurisdictions. Both efforts share a commitment to openness, transparency, and a bottom-
up, regionally driven approach to planning and action, with opportunities for tribal, state, 
and local, governments, private sector, academic and nonprofit stakeholders, and the 
public to engage and help define the way forward. These connections will help ensure a 
coordinated effort in addressing challenges and opportunities for the Gulf region, and 
jointly incentivize the effective, efficient and economical restoration of the Gulf Coast’s 
environmental, economic and cultural value. 
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P R O M O T I N G  S C I E N C E - B A S E D  D E C I S I O N - M A K I N G  
The federal government and states must be able to leverage limited resources in a manner that 
yields maximum benefits to the ecosystem, consistent with this Strategy. Ultimately, successful 
implementation of the Strategy must be based on the best available science to inform 
management decisions. Priorities should be implemented according to the principle of adaptive 
management, allowing for restoration efforts to move ahead while addressing the need to 
decrease uncertainty and expand and incorporate knowledge of the ecosystem conditions. 
Adaptive management will help determine the efficacy of the restoration actions through a 
focused effort of monitoring, modeling and research to support effective management and 
decision-making. This process will help ensure that state and federal investments can be altered 
if they are not achieving the desired results, ultimately improving the overall effectiveness of 
restoration and protection efforts. Leveraging the successes of existing state and federal 
programs and initiatives, addressing critical gaps, and building on the capacity that currently 
exists within the Gulf of Mexico states are central to supporting adaptive management. Specific 
needs for successful adaptive management are discussed in Section IV, “Science-Based Adaptive 
Management.” 


R E S O L V I N G  P O L I C Y  A N D  P R O C E S S  O B S T A C L E S  I M P E D I N G  P R O G R E S S  
The Task Force evaluated barriers that have hindered implementation and success of past 
restoration efforts. The majority of plans developed in the region in the last 20 years document 
the same stressors outlined in this Strategy. A primary focus of the Strategy will be to address the 
policy and procedural barriers complicating progress on protection, conservation and restoration 
efforts.  
 
Some of these barriers were identified during Task Force meetings with stakeholders and the 
public. Budget constraints of federal, state and local governments are a barrier to ecosystem 
restoration, delaying or restricting restoration efforts. Additionally, inadequate coordination 
within and among federal and state agencies impedes movement of projects to construction. 
Water resource policies also inhibit some ecosystem restoration efforts, such as those designed to 
use sediment for greater ecosystem benefits. Furthermore, inconsistent or unclear priority-setting 
undermines cooperation and support for projects. And, limited research and science challenge 
many aspects of planning, priority-setting, and project design. 
  
A greater emphasis on cooperative research, monitoring and data sharing is needed to improve 
project planning and design and to support adaptive management over time. Exploring and 
implementing alternative financing mechanisms should be undertaken to foster progress on 
restoration projects. Future solutions may involve statutory changes to address obstacles that 
cannot be overcome through administrative remedies. In the near term, existing resources in 
regulation and policy need to be fully exercised in order to ensure greater alignment of federal 
and state actions. 
 


The Strategy Going Forward 
This Strategy embraces and builds upon existing efforts at the state and federal level. It is a 
significant step representing enhanced collaboration and a recognition of the shared 
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responsibility among federal and state governments to restore the Gulf Coast ecosystem. In this 
time of severe fiscal constraint across all levels of government, Task Force member agencies are 
committed to finding common ground, establishing priorities, and working together to achieve 
them. This may involve reassessing budgets and agency activities to collaboratively align 
resources to the highest priority Gulf Coast restoration work. This Strategy will be an important 
tool in the alignment of the agencies’ resources needed to carry out implementation. 


Gulf Coast States 


The Gulf Coast is rich in natural resources that drive economic activity in the area. The beauty 
and bounty of the coast draws millions of visitors from across the nation and around the world 
each year, creating a multibillion-dollar tourist industry that contributes both jobs and revenues. 
Each of the five states boasts a strong fishing industry, and some of the busiest ports in the nation 
are found on the Gulf Coast. The area is the heart of the U.S. petrochemical industry. Important 
military bases, space centers and research facilities are also found in the region, increasing the 
prosperity of individual states and the nation as a whole. 


Although each state has features that make it unique and distinct, the Gulf’s interrelated 
ecosystem connects its people and communities. Together the states face many threats, both 
natural and human-made. For all of the Gulf states, the ecosystem and its restoration are vital to 
the region’s continued economic well-being.  
 
A brief description of each state’s coastal area is provided below, along with a summary of its 
major environmental and economic assets. Additionally, Appendix B contains a more detailed 
description of each state’s natural resources and the environmental services and economies they 
support. Appendix B also describes each state’s priority actions for the four overarching goals 
included in this Strategy. 
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Alabama 
 


 


 


 


 


 


 


 


 


 


 Coast22 Tidal Shoreline 23


53 miles  


 


607 miles  


State Population24 Gulf Coast Population 25


4,779,736  


 


 764,613 


Alabama’s coastal area is located along the northern Gulf of Mexico. The state has a profuse diversity 
of natural habitats, including rich sediments, seagrass beds, barrier islands, wetlands, plant bogs, 
bottomland hardwood forests, wet pine savannas and pine and oak forests. The wealth of these habitats 
makes the Alabama coast unique and draws residents and visitors alike. In terms of biodiversity, 
Alabama ranks first among the states east of the Mississippi River and fifth among all states in the 
nation. The Mobile Bay Watershed is the sixth largest river basin in the United States and the fourth 
largest in terms of stream flow. The Alabama coastal area contributes to the economy of the state and 
the entire nation in several important ways. These include:    


 Commercial and recreational fishing. In 2009, 
commercial fishing trips landed 27.8 million pounds 
of seafood worth over $37 million. Commercial 
fishing contributes $391 million and over 8,750 jobs 
to the state’s economy annually.26 Alabama’s 
recreational fishing increases these figures to a yearly 
economic impact of $865 million and more than 
13,680 jobs being created.27


 Tourism. In 2009, more than 7.1 million visitors 
enjoyed the state’s beaches, scenic vistas, access to 
the Gulf of Mexico, and bays and waterways, 


 From 75 to 90 percent of 
all Alabama's commercial and recreational fishing 
dollars are dependent on Mobile Bay and Alabama’s 
other important estuaries, like Mississippi Sound, 
Weeks Bay and Perdido Bay. 


spending more than $3.1 billion in Mobile and Baldwin counties. The counties rank first (Baldwin 
at 25 percent) and third (Mobile at 9.7 percent) in total travel-related employment for the state with 
56,294 employees.28


 Shipping and maritime services. The Port of Alabama is a global deepwater gateway for the state. 
The port ranked 14th in the nation in total tonnage shipped in 2009.


 


29


 Energy production. Alabama is rich in energy resources and has considerable natural gas 
resources. The area’s shipbuilders are supporting offshore oil and gas exploration by building 
offshore supply and rig-tending vessels and repairing rigs. 


  Combined with the City of 
Mobile’s industrial center, the port represents a multi-billion dollar impact on regional, state and 
world economies. The port contributes 66,617 jobs and $7.92 billion annually to Alabama’s 
economy. 


 


Migratory Birds on Dauphin Island 


Dauphin Island is one of the top 
birding spots in the Southeast. An 
incredible 347 species have been 
reported on the island. The island is 
the first landfall for many migratory 
birds making the 600-mile flight 
across the Gulf of Mexico from the 
Yucatan Peninsula. Strong rains and 
winds during these flights can trigger 
spectacular “fallouts” in which large 
flocks of many bird species descend 
on the island to seek shelter.  
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Florida 
Coast30 Tidal Shoreline 31


770 miles 


 


5,095 miles 


State Population32 Gulf Coast Population 33


18,801,310 


 


7,771,030 


 
Florida is the largest ocean-owning state in the continental United States. The state’s barrier islands, 
estuaries, coral reefs, beaches, seagrass meadows, coastal wetlands and mangrove forests are world-
renowned natural resources and attractions. The state’s sandy beaches are consistently ranked among 
the best in the nation, and millions of residents and visitors alike come to Florida’s Gulf coast each year 
to fish, dive, swim, and view wildlife. These natural resources also represent Florida’s economic engine 
for the future and support a range of activities, including: 


 Tourism. In 2010 tourism was responsible for 
welcoming more than 82.3 million visitors to 
Florida, who spent more than $62.7 billion, 
generating 22 percent of the state’s sales tax revenue 
and employing nearly 1 million Floridians 34 Each 
year, $15 billion and 141,373 jobs come directly 
from fish and wildlife in the state, and an additional 
$17 billion and another 203,000 jobs are the indirect 
benefit of boating activities in state waters 35


 Wildlife viewing. Wildlife viewing is a significant 
pastime in Florida, accounting for $5.6 billion and 
51,367 jobs each year. In 2006, 1.6 million 
participated in wildlife viewing in Florida, the 


 


majority of whom came to view coastal and marine life.36


 Shipping and cruise services. Florida ships agricultural and industrial products and transports 
cruise ship customers through its many Gulf Coast ports—Pensacola, Panama City, Port St. Joe, St. 
Petersburg, Tampa, Port Manatee and Key West. These Gulf Coast ports account for over $10.5 
billion per year in economic activity supporting 125,000 direct and indirect jobs. 


  


37


 Military installations. Training and testing operations along Florida’s Gulf Coast provide 
significant conservation lands and economic and security benefits to the state and nation. 
Statewide, defense-related spending was $64.8 billion in 2010 and accounted for 686,181 jobs.


  


38


Commercial and recreational fishing. Florida’s commercial fishing industry ranks second among all 
states for annual in-state sales ($5.6 million) and jobs (108,695 jobs).


  


39  The state ranks seventh in total 
landings at $169 million annually and produces 10 percent of the Gulf’s oyster catch, a $4.5 million 
annual dockside value. Florida also leads all states in economic return for its marine recreational 
fisheries. Recreational saltwater fishing generates over $5 billion and more than 50,000 jobs each 
year.40 In 2008–2009, more than one million people bought marine recreational fishing licenses, a third 
from out of state. More than 3,400 for-hire fishing licenses were purchased, generating more than $1 
million and giving Florida one of the largest charter fleets in the world.41


  


 


The Beauty and Bounty of Florida’s 
Coral Reefs  
 
Extensive coral reefs off Florida’s 
Gulf Coast support an incredible 
diversity of fish and other marine life. 
The beauty and biodiversity of the 
state’s coral reefs attract tourists, 
fishermen and divers from around the 
world. The state, particularly the 
Florida Keys, is recognized as the 
diving capital of the world. 
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Louisiana 


Coast42 Tidal Shoreline 43


397 miles 


 


7,700 miles 


State Population44 Gulf Coast Population 45


4,533,372 


 


3,548,090 


 
Louisiana has the largest expanse of coastal wetlands in the lower 48 states and is home to the largest 
delta in North America. Louisiana’s coast provides a 
home to nearly half of the state’s population. The state’s 
ecosystems include wetlands, shorelines, and adjacent 
forested and scrub/shrub areas. The Mississippi River 
system has shaped Louisiana’s uniquely formed coastal 
zone, which is dominated by wetlands and filled with 
sensitive resources. These wetlands truly are America’s 
Wetlands. They are important to Louisiana citizens, as 
well as the nation, who depend on them for a variety of 
important activities, including:  


 Shipping and maritime services. The Mississippi River system significantly contributed to the 
growth of this nation. Today, more than 30 states depend on coastal Louisiana’s navigation 
channels for imports and exports. Louisiana’s ports account for 18 percent of all waterborne 
commerce in the nation. Five of the 15 largest ports in the United States are in Louisiana. The 
state’s ports handle an estimated 60 percent of grain exports from Midwestern farmers and are a 
top importer of steel, coffee, rubber, timber and containerized cargo. 


 Energy production. Louisiana’s offshore waters are home to the largest reserves of oil and gas in 
the nation, and the state produces up to 90 percent of the nation’s outer continental shelf oil and 
natural gas. Louisiana is the top producer of oil and natural gas in the nation (including outer 
continental shelf oil and gas).46


 Commercial and recreational fishing. Louisiana’s coast includes one of the nation’s largest and 
most productive estuaries. Nearly 25 percent of the commercial fish and shellfish in the United 
States are harvested in Louisiana’s waters. Louisiana is the nation’s top producer of shrimp, 
oysters, crawfish and blue crabs. Coastal Louisiana is also home to some of the top recreational 
fishing waters (both fresh and salt water) in the country. Nearly 90 percent of species in the Gulf of 
Mexico and 98 percent of commercial fish and shellfish depend on Louisiana’s coastal wetlands.  


 The U.S. Treasury benefits by up to $8 to $10 billion annually from 
offshore energy revenues attributable to waters offshore of Louisiana. This constitutes one of the 
largest contributions to the treasury. 


 Tourism. Nearly 25 million domestic and international tourists visited Louisiana in 2010 adding an 
estimated $9.3 billion in spending to the nation's economy. Nearly half of this spending was in the 
New Orleans area.  


 Waterfowl/migratory birds. More than five million ducks (20 percent of the continental 
population) winter in Louisiana each year. During the peak spring migration season, nearly 25 
million birds arrive in coastal Louisiana each day.  


  


Ducks Find Prime Wintering 
Grounds on Louisiana’s Coast  
 
More than five million ducks (20 
percent of the continental population) 
winter in Louisiana each year. During 
the peak spring migration season, 
nearly 25 million birds arrive in 
coastal Louisiana each day.  
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Mississippi 
Coast47 Tidal Shoreline 48


70 miles 


 


359 miles 


State Population49 Gulf Coast Population 50


2,967,297 


 


628,502 


 
Mississippi’s coastal waters encompass the mainland coast, barrier islands, bays and lagoons, as well as 
hundreds of rivers, creeks, and estuaries. The state's largest estuary is the Mississippi Sound, which 
encompasses 550 square miles. The state’s estuaries and streams are home to a remarkable variety of 
plants and animals in what is recognized as one of the most biologically diverse regions in North 
America. The area ranks in the top 10 for native species of 
reptiles, amphibians, butterflies and mammals.51


 Commercial fishing and seafood processing. These 
industries are a natural extension of life in this coastal 
area. Hundreds of fishing boats make their home in 
Mississippi ports, and the seafood they catch and 
process generates thousands of business opportunities. 


 The 
culture and economy of the Mississippi Gulf Coast are 
heavily influenced by the industries that rely on the 
abundance of natural resources for their viability. These 
include:  


 Tourism. Mississippi attracts tourists through its 
recreational fishing opportunities, robust gaming 
industry, white sand beaches, championship golf courses and other recreational and cultural 
venues. Tourism on the Gulf Coast accounts for about $1.7 billion in visitor expenditures, 32 
percent of state travel and tourism tax revenues and 23,000 direct jobs.52


 Energy production. Offshore oil and gas exploration and development further boost the area’s 
economy. Providing experienced offshore workers, necessary logistical support and industrial 
capacity to generate that support are all important sources of fuel for the coast’s economic engine.  


 


 Shipping and maritime services. The Mississippi State Port at Gulfport is an economic force for 
jobs and business activity. The port generates more than 2,000 jobs for Mississippi residents, with 
that number expected to increase substantially with improvements and expansion as the city 
undergoes a comprehensive recovery from Hurricane Katrina. Pascagoula is the home of the largest 
military shipbuilder in the United States, and the largest private employer in the state, providing 
approximately 11,000 jobs for residents of the northern Gulf region.53


Space center. NASA’s Stennis Space Center is home to more than 30 federal, state, academic and 
private organizations and numerous technology-based companies. The center’s staff includes 
approximately 2,000 oceanographers, scientists and support staff with a unique capability to study 
the Gulf Coast from space and in the field. 


 


 
  


Reserve Provides Critical Habitats 
 
The 18,000-acre Grand Bay National 
Estuarine Research is one of the 
largest, relatively undisturbed 
estuarine marsh/pine savanna habitats 
remaining along the northern Gulf of 
Mexico. Straddling the 
Mississippi/Alabama state line, the 
reserve provides critical habitats for 
many kinds of migratory birds as well 
as important commercial and 
recreational species of fish.  
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Texas 
Coast54 Tidal Shoreline 55


367 miles 


 


3,300 miles 


State Population56 Gulf Coast Population 57


25,145,561 


 


8,287,623 


 
The Texas coastal zone includes a complex system of 
barrier islands and peninsulas, with Padre Island being the 
longest, undeveloped barrier island in the world. The 
Texas coast contains 12 distinct eco-regions and is richly 
endowed with natural resources, including sand dunes, 
vast wetlands and aquatic habitats. The Texas coast has 
tremendous biodiversity. More than 457 species of fish 
and 343 species of invertebrates are found in the state’s 
estuarine and marine waters. The coast is home to blue 
crabs, oysters, pelicans, plovers, shrimp, and the 
endangered whooping crane and Kemp’s Ridley sea 
turtle. The ecologically rich coastal system supports 
many industries, including: 


 Shipping and maritime services. Roughly one-third 
(423 miles) of the Gulf Intracoastal Waterway (GIWW) is located in Texas. The GIWW is the 
nation’s third busiest waterway. Fifteen percent of the nation’s freight (74 million tons of cargo) 
travels the Texas GIWW each year, with an estimated value of $25 billion.58,59 More than half of 
the nation’s chemical products and gasoline comes from plants along the Texas portion of the 
GIWW, and the waterway handles 90 percent of all gasoline shipped to the Lower Rio Grande 
Valley.60,61 The Texas coast is also home to four of the top 10 ports in the country (based on total 
cargo tonnage),62


 Energy production. The area is home to the nation’s largest concentration of oil refineries


 which generate more than $9 billion in federal tax revenues annually. 
63 as well 


as a sizable chemical industry, which is ranked first in the nation in size and production.64


 Commercial and recreational fishing. The state’s commercial fishing fleets bring in more than 
$150 million of fish and shellfish annually.


 


65  Eighty-two percent of shrimp in the United States 
come from the Gulf States, with Texas supplying 89.7 million pounds per year. The annual oyster 
harvest is approximately 5.7 million pounds of meat worth over $19 million. The recreational 
fishing industry is another important part of the Texas coastal economy with saltwater sport fishing 
generating over $2 billion annually.66 67  The number of annual saltwater fishing permits increased 
more than 7 percent between 2006 and 2010.68


 Tourism. Tourists visiting the Texas coast spend more than $7.5 billion annually for beach 
recreation, bird watching, fishing and eco-tourism.


 


69  The coast accounts for more than one-quarter 
of total travel expenditures in Texas, making it the second most popular tourist destination in the 
state.70


 


  


 


The Rich Resources of the Texas 
Coast 
 
Nearly two-thirds of the state’s Gulf 
shoreline is protected in parks, 
wildlife refuges, and natural areas off-
limits to development, Texas currently 
operates 93 state parks and natural 
areas, 50 wildlife management areas, 
and eight fish hatcheries. These 
comprise over 1.4 million acres that 
are managed in the public trust for 
recreation and conservation. 
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III. Goals 


 
his restoration Strategy builds upon existing research, planning and program efforts 
throughout the Gulf that have generated wide interest and participation by Gulf-based 
citizens, businesses, scientists, industries and governments. Beginning with its first 


meeting on November 8, 2010, the Task Force solicited individual input from the general 
public and engaged key stakeholder groups throughout the region. Additionally, the Task 
Force reviewed numerous publications that address Gulf of Mexico restoration and engaged 
the broad expertise of the member agencies. This input led the Task Force to identify the 
following four goals as priorities for Gulf of Mexico ecosystem restoration:  


 
 Restore and Conserve Habitat. The Gulf Coast has endured extensive damage to key 


coastal habitats such as wetlands, coastal prairies and forests, estuaries, seagrass beds, 
natural beaches and dunes, and barrier islands. Within this goal, a major focus is to work 
with Gulf Coast stakeholders to expedite implementation and improve the effectiveness 
of state and federal programs related to landscape-scale resource management, habitat 
conservation, and restoration strategies. 


 Restore Water Quality. The Gulf of Mexico experiences numerous water quality 
problems, including excess nutrients, altered sediment inputs, pathogens, and mercury 
and other pollutants. One of the most prevalent signs of such problems in the Gulf of 
Mexico is hypoxia—low oxygen levels in the water—which can result from excess 
nutrients in the water and other factors. Within this goal, a major focus is to reduce the 
amount of nutrients flowing into the Gulf and to undertake other measures to enhance 
water quality.  


 Replenish and Protect Living Coastal and Marine Resources. Living coastal and marine 
resources are showing visible signs of distress, such as depleted species populations and 
degraded habitats. Within this goal, a major focus is to promote sustainable resource 
management that focuses on actions to conserve and restore viable populations of living 
coastal and marine resources and their coastal and offshore environments. 


 Enhance Community Resilience. Gulf Coast communities face a number of pressing 
challenges, such as storm risk, sea-level rise, land loss, depletion of natural resources, and 
compromised water quality. Within this goal, a major focus is to integrate the creation of 
resilient communities with ecosystem restoration through the development of 
comprehensive coastal planning programs.  


This Strategy articulates a series of actions across these four goals. These goals—just like the 
Gulf of Mexico ecosystem, with its connected processes, functions and elements—are 
intertwined. The goals, recommendations and actions outlined below are designed to organize 
the Strategy in a manner that can be easily understood, while at the same time acknowledging the 
holistic and integrated nature of the Gulf ecosystem. 


T 
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Restore and Conserve Habitat 
The Gulf Coast faces significant habitat restoration and conservation challenges. These 
challenges include habitat loss from increased development, resource management, alterations to 
hydrology and sediment transport, land subsidence, erosion, sea-level rise, hurricanes and 
tropical storms. Unless the rapid rate of coastal land and habitat loss in the region is halted and 
eventually reversed, the ecosystem and the services it provides could collapse.  This collapse 
would yield negative consequences for the marine and terrestrial environment, national 
commerce, the maritime industry, energy security, fisheries, and the rich cultural legacy of the 
Gulf Coast region. In order to restore the Gulf ecosystem, federal, state and local governments 
should work to address, moderate and reverse the factors that drive the degradation of Gulf Coast 
habitats in a scientifically defensible manner. Working with private partners, landowners and 
NGOs, governments should strive for a sustainable and resilient ecosystem where wetlands, 
estuaries and barrier shorelines are managed to achieve and maintain a productive balance 
between ecological, economic and social functions.  
 
A science-based freshwater and sediment management regime coupled with large-scale 
restoration has significant potential to address the leading causes of coastal habitat losses. It 
should be implemented in a way that ensures the long-term survival and sustainability of the 
unique coastal cultures and the resource-based livelihoods of the region. The implications of no 
action would further threaten the future of a number of coastal communities and would lead to a 
continued decline in ecosystem services. Key ecosystem functions can be protected and 
enhanced by reconnecting rivers with their deltaic plains and managing or reestablishing 
freshwater and sediment inflows while maintaining the effectiveness of navigation and flood 
damage risk reduction. This comprehensive approach would help ensure that these areas are 
managed for maximum benefit to both the natural and human systems of the region. 
 
A comprehensive watershed-based approach to the management of river systems is required to 
ensure that current and future ecosystem needs are met. Giving ecosystem restoration equal 
footing with navigation and flood damage risk reduction is an important element of this Strategy 
and should be applied to river management activities across multiple agencies. Such an approach 
would ensure that economic, environmental and social needs are appropriately considered and 
weighed as part of a decision-making processes. Water resource investment decisions at all 
levels of government have relied too heavily on the economic outcomes and have not 
appropriately balanced environmental and social outcomes, regardless of the type of action 
(navigation, flood damage reduction, ecosystem restoration, water treatment, etc.). Given the 
limited resources at all levels of government, it is important that a broader array of outcomes is 
considered with the goal of maximizing public benefits at both site-specific and watershed 
scales. The consideration of a broader array of outcomes will appropriately advance important 
ecosystem restoration actions in the Gulf, without adversely impacting actions needed to address 
flood damage reduction, navigation or other such water resources based needs.  
 
To create a better approach, the following major actions are recommended to restore and 
conserve Gulf Coast habitat.  
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M A J O R  A C T I O N S  


Prioritize ecosystem restoration in the Gulf of Mexico by ensuring that social, 
environmental and economic outcomes are fully considered in all river management 
decisions and by placing it on equal footing with other priorities such as navigation 
and flood damage risk reduction  
The management of river systems has for too long been focused on addressing issues such as 
navigation and flood damage risk reduction without commensurate attention to environmental 
needs of the region. In order to address the resulting coastal sediment distribution issues, stem 
habitat loss and restore water quality to achieve comprehensive restoration, a more modern 
approach to the management of rivers systems is needed to ensure that solutions to current and 
emerging problems can be developed holistically. As a first step and to protect and restore the 
Gulf of Mexico, stem habitat loss and restore water quality, coordinated action at all levels of 
government to redefine river management priorities in consideration of a full array of benefits to 
the public is necessary. To this end, the Task Force should: 
 


 Review all federal and state authorities, capabilities, plans and activities underway 
relevant to river management and evaluate the contribution of each to the long-term 
goal of ecosystem restoration of the Gulf of Mexico. 


 Following consultation with member agencies, develop recommendations for needed 
authorities, funding priorities and policy changes – including actions that may be 
undertaken within existing authorities.  


 Provide input from a regional perspective to agencies developing project 
implementation guidance that reflects changes to water resources policy; work with 
agencies to incorporate this guidance, which will be designed to promote more 
effective, efficient and holistic future use of water resources. 


Improve current sediment management practices to maximize to the extent 
practicable and ecologically acceptable the quantity and effective use of sediments to 
by taking a “strategic use” approach to sediment management 
For several years, federal, state and local groups have conducted significant work on sediment 
management. The Task Force has taken this previous work and expanded it to begin to create a 
Gulf-wide approach to sediment management. The extensive attention given to this issue is 
reflected in the level of detail and actions presented. 
 
A sediment management approach referred to as “strategic use” is needed in the Gulf to address 
land loss through sustainable resource management and land rebuilding and restoration. This 
strategic use approach should incorporate,  where practicable and ecologically appropriate, the 
following recommended actions: 
 
 Maximize beneficial use of navigational dredged material, where practicable and 


ecologically acceptable, for effective and sustainable habitat restoration. 
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 Increase dedicated dredging of river and other sediment sources, such as permitted 
offshore sediment shoals, for use in habitat restoration projects.  


 Implement river reintroduction projects (i.e., diversions) that mimic more natural 
hydrologic processes and provide freshwater and sediments to rebuild, restore and 
nourish areas where wetlands have been lost, and to help sustain areas where wetlands 
have been restored. 


Strategic use of sediments will result in long-term benefits to the public by increasing protection 
from storm surge and sea-level rise, improving navigation, as well as increasing fish and 
shellfish productivity through restoration of sustainable coastal wetlands and barrier islands. 
Successfully achieving this approach requires process improvements, funding, and policies that 
will advance environmentally beneficial projects based on sound science. In addition, to advance 
implementation, better information is needed on the availability of sediment resources for 
ecosystem restoration, as tools to effectively integrate diversions and dedicated dredging with 
other management activities, including navigation, flood damage risk reduction and water 
supply. Tools are also needed to coordinate and schedule beneficial use efforts and to ensure the 
most efficient and cost effective transportation of materials for effective beneficial use.  
 
Maximize Beneficial Use Where Practicable 
On average in recent years, the U.S. Army Corps of Engineers (the Corps) and local partners 
contract for the dredging of approximately 100 million cubic yards of sediments annually from 
federal navigation channels in the Gulf states.71


 


 Due to such things as funding limitations, only a 
small percentage of all material dredged from federal channels in the five Gulf states is currently 
used beneficially, while the remainder is disposed of in open water or designated disposal 
facilities. While not all dredged material may be the right consistency or composition to be used 
beneficially for ecosystem restoration purposes, a large amount of sediment resources is 
available but not currently used for effective beneficial use in ecosystem restoration. The time 
required for implementation of a beneficial use project can vary considerably, from one to three 
years or longer. This depends upon the time of year, the amount of material being dredged, the 
distance the material needs to be transported for disposal, the nature of the site to be dredged and 
spoil placement, weather conditions, and whether the dredging was an emergency response to 
keep navigation channels open. The opportunities for beneficial use are often missed as a result 
of such things as funding limitations and lack of coordinated planning. Beneficial use can appear 
to be a more costly option up front than traditional disposal methods; however, if ecological 
benefits were factored into cost estimates, beneficial use could be more comparable. 


Recommended actions to maximize, where practicable, beneficial use projects:  
 
 Commit to using existing authorities and funding sources in law and policy and 


improving collaboration among federal, state and local entities to ensure the maximum 
beneficial use of sediment, including maintenance-dredged material, where effective, 
practicable and protective of aquatic life.  


 Identify opportunities for immediately improving beneficial use of dredged material by 
overlaying dredging schedules with restoration project construction. 
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 Evaluate the potential for the creation of a network of permanent pipeline sediment 
delivery systems to transport material from dredges to coastal restoration projects. 


 Develop options for funding the incremental cost of beneficial use of dredged material, 
including pooling public and private funds for these activities. 


 Pursue implementation of authorized projects to maximize beneficial use where 
practicable.  


 
Increase Dedicated Dredging 
Unlike beneficial use projects, which derive sediments from the routine maintenance of 
navigation channels, dedicated dredging projects use sediments from ecologically appropriate 
sources to restore wetlands, barrier islands and shorelines. In sediment-starved coastal areas, the 
material removed in the course of dredging from river, permitted offshore shoals, and other 
sources often referred to as “external” sources can be used to restore critical habitats. 
Additionally, dedicated dredging can help to increase the amount of sediments in the coastal 
system, which aids in habitat sustainability and resiliency. Dedicated dredging has proven to be 
an efficient and effective near-term habitat restoration technique. To yield long-term results, 
dedicated dredging may be coupled with river reintroduction projects to help ensure the 
sustainability of the restored areas. 
 
Recommended actions to increase dedicated dredging projects include:  
 Use a sediment management approach to strategically target project selection and 


incrementally implement projects using a regional sediment management approach. The 
approach first should determine the sediment budget, identify ecologically appropriate 
alternatives and then place sediment trapping and sediment transport infrastructure to 
reduce restoration project costs over time. This approach should also consider any 
potential benefits to the navigation system of removing sediments from rivers for the 
purpose of habitat restoration, such as the reduced need for navigational maintenance 
dredging downstream.  


 Identify potential sources of public and private funds to help implement dedicated 
dredging projects for habitat restoration. This effort should include exploring currently 
available, but potentially underutilized, authorities and funding sources.  


 
Implement River Reintroduction (Diversion) Projects 
Use of diversions, or river reintroduction projects, is a technique to restore altered hydrologic 
patterns by conveying suspended sediments and freshwater from rivers to mimic more natural 
river delta processes and thereby rebuild land and restore wetlands. River reintroduction projects 
are thus an important tool for habitat restoration.  
 
Recommended actions to implement river reintroduction projects:  
 
 Expedite construction of river reintroduction projects that have been authorized, planned 


and designed. 
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 Develop and implement necessary scientific protocols and monitoring to determine the 
long-term effectiveness of diversion projects. 


 Develop procedures to make diversion project implementation proceed more efficiently, 
including processes for establishing project partnership agreements between federal and 
state agencies. 


 Identify potential sources of public and private funds, and consider opportunities for 
increased flexibility to help expedite implementation of reintroduction projects for habitat 
restoration. 


 Explore the development of alternative restoration project delivery approaches that could 
effectively leverage state, local and private sector partnerships. 


 


Restore and preserve more natural river processes of sediment and freshwater 
distribution 


Inland and coastal wetlands, estuaries, barrier islands and natural beaches and dunes provide 
critical ecosystem services. These habitats act as storm buffers, foster sustainable commercial 
and recreational fisheries and other important natural resources, provide habitat for the recovery 
of threatened and endangered species, protect important cultural resources, and support tourism 
and other recreational economies and jobs. These functions can be protected and enhanced by 
reconnecting rivers with their deltaic plains and managing sediment and freshwater inflows while 
still allowing flood damage risk reduction, and navigation and other economic activities to 
inform appropriate management actions. A comprehensive approach would ensure that these 
areas are managed for the maximum benefit for the entire ecosystem. Reintroducing natural 
deltaic processes that restore sediment to vulnerable areas would help ensure the sustainability of 
coastal ecosystems. 
 
In the Gulf, communities, commerce and ports have long relied on the extensive network of 
human-made flood damage risk reduction and navigation structures for their existence. River 
management priorities thus historically centered on navigation and flood risk reduction. While 
successful in meeting those two goals, those priorities created unintended consequences to the 
surrounding environment by accelerating wetland and barrier island erosion and restricting the 
flow of vital sediments that had sustained the ecosystem over time. Oil and gas industry canals, 
pipelines and other infrastructure crisscrossed the landscape to accommodate exploration, 
development and commercial activity related to these enterprises, further accelerating coastal 
land loss.  
 
As a consequence of these and other stresses, Louisiana alone currently experiences about 90 
percent of the total coastal wetland loss in the continental United States.72 Current United States 
Geological Survey (USGS) analyses show that coastal Louisiana has lost 1,883 square miles of 
land from 1932 to 2010.73 Between 1985 and 2010, the average rate of land loss was 16.57 
square miles per year.74 If this loss were to occur at a constant rate, it would equate to Louisiana 
losing a wetland area the size of one football field each hour.75
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Recommended actions include: 
 


 Expedite the LCA Mississippi River Hydrodynamic and Delta Management Studies 
(Studies) as outlined in the Water Resources Development Act of 2007. These Studies, 
led by the Corps and the State of Louisiana, would investigate strategies to take 
maximum advantage of the water and sediments of a dynamic Mississippi River system 
for coastal restoration, while also maintaining economically viable navigation and 
providing storm damage risk reduction. The Studies would also identify stakeholder 
interests, potential outcome targets, and a process for developing decision-support 
tools. These studies should include a technically thorough exploration of large-scale 
riverine management strategies and should be informed by the State of Louisiana 
Master Plan, the Mississippi Coastal Improvement Program, and other programs and 
plans. This important effort will look at the future needs of the coastal ecosystem with 
those of navigation, future land use and management, and the sustainability of coastal 
communities and economies.  


 


Expand the network of state, federal and private conservation areas to ensure healthy 
landscapes that support the environment and culture of the region and the diverse 
services provided by the Gulf of Mexico ecosystem 
Intact natural and restored ecological systems, watersheds, lands used for the production of food 
and other crops, recreational areas and coastlines are essential to ensure the sustainability of 
ecosystem function and services. Habitat loss and fragmentation—the division of previously 
uninterrupted habitat—threaten ecosystem services, such as wildlife and recreation. Expanding 
the existing conservation base and enhancing ecological connectivity will provide greater 
resiliency to fish and wildlife habitat as well as to coastal communities. State and federal agency 
collaboration is an important step towards developing a Gulf-wide network of conservation areas 
to protect habitats and wildlife, support ecosystem services, and ensure recreational and 
commercial opportunities. This will require improved alignment of federal, state and other land 
conservation efforts and funding to identify and protect key conservation areas and habitat 
corridors. A coordinated, stakeholder-driven, science-based effort is needed to identify priority 
habitats and linkages to serve as core areas, buffers and potential corridors.  
 
State and federal agencies and NGOs are implementing ecosystem-scale planning and protection 
of important Gulf Coast habitats. For example, Louisiana’s existing Coastal Forest Initiative, 
established to acquire coastal forests including cypress and tupelo from willing sellers, protects a 
highly significant habitat type while providing natural storm surge buffers. This initiative is the 
type of conservation effort that should be supported and expanded. Building on these types of 
efforts will reinforce Gulf-wide actions to restore, conserve and protect important coastal 
habitats and landscapes. 
  
Recommended actions include: 
 


 Improve collaboration across federal, state, local and private lands to form habitat 
corridors of connected areas for key species in mutually designated priority areas. 
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Seagrasses in the Gulf 
Healthy seagrass beds are indicative of 
productive coastal and estuarine ecosystems, 
providing habitat and forage for waterfowl, fish, 
protected species and shellfish; buffering 
against storms; stabilizing sediments; and 
improving water quality. However, these 
important shallow water marine habitats are in 
trouble, with declines in seagrass acreage 
ranging from 12 percent to 95 percent in bays 
and estuaries of the Gulf of Mexico.  


Significant declines in seagrasses have been 
documented for Galveston Bay, coastal 
Louisiana, the Mississippi Sound, Mobile Bay, 
and through most of the bay systems of the 
Florida Gulf coast, with the coastal bend and 
Laguna Madre of Texas remaining relatively 
stable. Not only are seagrasses disappearing, but 
they are also changing in species composition, 
densities, and patchiness. The causes of loss and 
changes of seagrasses are many, including 
tropical storm events, nutrient loading, dredging 
impacts, and direct physical disturbances such 
as waterfront construction, bottom trawling and 
propeller scarring. 


Source: Seagrass Habitat in the Gulf of Mexico: 
Degradation, Conservation and Restoration of a 
Valuable Resource, 2004 Gulf of Mexico 
Program/USGS 855-R-04-001 


 Expand collaboration with stakeholders to develop a conservation framework for 
appropriate protection and compatible use. 


 Solicit input regarding public use and conservation priorities in order to prioritize 
designation of sites. 


 Bring together the Land and Water Conservation Fund agencies (DOI, NOAA, and 
USDA), as well as private landowners, private partners, states, and other relevant 
federal agencies, to achieve high-priority landscape-scale conservation projects. 


Restore and conserve coastal and near-shore habitats, with a focus on marshes, 
mangroves, seagrasses, barrier islands, natural beaches and dunes and coastal forests 
and prairies 
A variety of coastal habitat types defines the 
Gulf of Mexico and provides nurseries, food, 
and habitat to numerous species of 
commercially and recreationally important 
finfish and shellfish, as well as migratory 
birds, and a diverse array of mammals, 
amphibians and reptiles: 
 
 Fresh, intermediate, brackish and 


salt marshes and mangroves trap 
and hold sediments, improve water 
quality by filtering input from rivers 
and runoff from adjacent uplands, 
and serve as natural coastal buffers to 
protect shorelines.  


 Seagrasses are a significant habitat 
across the Gulf Coast, providing a 
nursery function for recreationally 
and commercially important fish and 
wildlife, stabilizing the bottom, and 
serving as valuable recreational 
fishing grounds (see Seagrasses in 
the Gulf).  


 Coastal forests and grasslands such 
as bottomland hardwoods, longleaf 
pine, cypress-tupelo swamp and tall 
grass prairie assist with carbon 
sequestration and storm barrier 
protection, wildlife habitat and 
recreation. These habitats are integral to the hemispheric-scale neotropical bird migration.  







G U L F  O F  M E X I C O  R E G I O N A L  E C O S Y S T E M  R E S T O R A T I O N  S T R A T E G Y  ( P R E L I M I N A R Y )  
O C T O B E R  5 ,  2 0 1 1  


I I I .  G O A L S   29 


 Barrier islands serve an important role protecting mainland shorelines from storms and 
providing sandy beach and dune habitats and recreational areas. 


Overharvesting, development, pollution, and a range of other factors have sped the loss of these 
important habitat types. Restoration efforts should focus on addressing these losses. Water 
quality protection, living coastal and marine resource conservation, and increasing the pace of 
direct restoration efforts, including incorporating ecosystem restoration into shoreline 
stabilization efforts through the use of “living shorelines” and similar approaches are needed to 
address these issues. 
 
Recommended actions include: 
 


 Develop an inventory (types, locations, status, and other criteria) and tools to set 
priorities for restoration investments for seagrasses, mangroves, coastal forests and 
marshes which will be critical to developing a strategic Gulf-wide approach and 
assessing its results. 


 Provide engineering and design assistance to local governments and private 
homeowners for creating living shorelines and fish and wildlife habitat.  


 Coordinate efforts by private landowners, partner organizations, and local, state and 
federal governments to connect conservation activities on coastal lands. This effort will 
help establish buffers landward of marsh shorelines which may reduce the effects of 
sea-level rise. Implement protective measures to reduce propeller scarring and other 
physical damage to seagrass beds. 


 Increase the acreage of watershed, riparian, wetland and shoreline habitats through 
conservation, restoration and protection actions to maximize water quality, recreation, 
and fish and wildlife benefits. 


 


Restore Water Quality  
Water quality is a significant indicator of the health of the Gulf of Mexico. The condition of the 
Gulf’s waters reflects alterations in natural hydrology and pollution from urban development, 
industry, agricultural runoff, atmospheric deposition, and other sources throughout the entire 
Gulf watershed.  
 
One of the most striking examples of water quality impacts in the Gulf can be found stretching 
from the mouth of the Mississippi River to the upper Texas coast. There, each summer, a 
hypoxic (low-oxygen) area or “Dead Zone” forms, primarily caused by excess nutrients in the 
water, which deplete oxygen that organisms need to survive. A significant amount of these 
nutrients (mostly nitrogen and phosphorus) comes from fertilizers, soil erosion, atmospheric 
deposition, and discharges from wastewater treatment plants and water control structures. These 
nutrients are carried to the Gulf of Mexico from throughout the entire watershed and upper basin 
states via the Mississippi and Atchafalaya Rivers. Nitrate loadings in the Mississippi River rose 
from 200,000 to 500,000 tons per year in the 1950s to an average of about 1,000,000 tons per 
year during the 1990s.76 
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Hypoxia in the Gulf of Mexico is an obstacle to achieving healthy, diverse and sustainable 
fisheries because it creates an uninhabitable environment for marine life. Hypoxia is most 
detrimental to benthic (bottom-dwelling) organisms such as crabs, oysters and other species in 
early life stages. These organisms, unable to migrate away from the zone, ultimately die in the 
low-oxygen conditions. The annual loss of these benthic species affects the entire food web and 
also has implications for the Gulf economy.  
 
Pathogens, nutrients and other pollutants carried by stormwater and wastewater, and harmful 
aquatic algal blooms (HABs or red tide) carried by ocean currents, have significant impacts on 
Gulf water quality, affecting the Gulf’s ability to maintain healthy populations of aquatic 
organisms and healthy recreational waters. Urbanization alters the ecosystem’s capacity to 
absorb runoff, leading to higher stormwater flows with increased flooding and discharge of 
pollution to receiving waters. Runoff from agricultural operations also contributes to excess 
sediment and nutrient levels in Gulf waters. Combined, these stressors degrade drinking water 
sources and recreational waters and commercial fisheries, cause closings of beaches and shellfish 
growing areas, and reduce the quality of aquatic habitat and human health. 
 
In addition to inputs of nutrients and pollutants from coastal systems and watersheds, deposition 
of air emissions also contributes to water quality impacts, particularly in near-coastal waters. 
Nitrogen and other airborne pollutants, such as sulfur in the form of sulfuric acid, alter surface 
seawater alkalinity, pH and inorganic carbon storage. These effects disrupt natural 
biogeochemical cycles.77


 
  


Across the Gulf region, freshwater flows need to be restored to more natural conditions. Rivers 
and streams provide freshwater inputs which help to maintain salinity gradients and are the 
source of nutrient and sediment inputs that, in proper combination, produce ecologically sound 
and healthy estuaries. Hydrologic modifications have affected estuaries throughout the Gulf by 
altering the amount of freshwater delivered. These estuaries depend on freshwater inflow to 
sustain their fisheries resources, particularly oysters, as well as to support habitats such as 
seagrass meadows, near-shore reefs, coastal marshes and mangroves.  
 
Improving water quality in the Gulf is most effectively achieved by focusing on the principal 
sources of water quality degradation. Major actions to restore water quality in the Gulf of 
Mexico are described below. 


 


M A J O R  A C T I O N S  


Decrease and manage excess nutrient levels in the Gulf through the development and 
implementation of state nutrient reduction frameworks 
 
Supporting the development and implementation of state-developed nutrient reduction 
frameworks in the Gulf and the Mississippi-River Basin states will be important for reducing 
harmful algal blooms and hypoxic conditions in the Gulf, such as the “Dead Zone,” and 
improving local water quality conditions. 
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Beginning with the release of their first Action Plan in 2001, and reaffirmed in the updated 2008 
Action Plan, the Hypoxia Task Force established a collaborative interim goal to reduce the 5-
year running average areal extent of the Gulf of Mexico hypoxic zone to less than 5,000 square 
kilometers (1,931 square miles).78 As of the most recent survey (2011) the current 5-year average 
is 17,348 square kilometers (6,698 square miles)79


 


 (see Area of Mid-Summer Bottom Water 
Hypoxia). 


 


 
 
To accelerate progress on and effectiveness of this goal, the Gulf Coast Ecosystem Restoration 
Task Force recommends working in cooperation with the Hypoxia Task Force and the 
Mississippi River Basin states to support the development and implementation of state-
developed, nutrient reduction strategies. Specifically, the 2008 Action Plan states the objective 
as: 
 


Complete and implement comprehensive nitrogen and phosphorus reduction strategies 
for states within the Mississippi/Atchafalaya River Basin encompassing watersheds with 
significant contributions of nitrogen and phosphorus to the surface waters of the 
Mississippi/Atchafalaya River Basin, and ultimately to the Gulf of Mexico.80  
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In combination with this effort, Gulf states not part of the Hypoxia Task Force (Alabama, Florida 
and Texas), are working in collaboration, through GOMA, to strengthen supporting science and 
technical capabilities and to develop their own state nutrient reduction frameworks to restore 
local water quality conditions.  
 
Building on the states’ water quality standards programs, key elements recommended for 
effective state nutrient reduction frameworks include: 
 
 Prioritizing watersheds on a statewide basis for nitrogen and phosphorous loading 


reductions. 


 Setting watershed load reduction goals based on the best available water quality 
information. 


 Ensuring effectiveness of point source permits in targeted/priority sub-watersheds. 


 Developing more effective reduction measures for nonpoint sources and other point 
sources of storm water not designated for regulation. 


 Partnering with federal and state agencies, NGOs, private sector, landowners, and other 
agriculture partners to develop watershed-scale plans and promote adoption of science-
based nutrient management conservation practice systems that offer enhanced 
environmental protection, and may also increase agricultural production. 


 Identifying storm water and septic system tools. 


 Establishing accountability and verification measures. 


 Conducting annual reporting on load reductions and impacts in targeted watersheds. 


Successful implementation of these frameworks could significantly advance the Strategy’s goal 
to restore water quality as it relates in particular to reducing excess nutrients to Gulf of Mexico 
coastal waters. Consequently, the Task Force, through its coordination responsibilities with the 
Hypoxia Task Force, should explore means of providing technical and resource support to this 
effort. 
 
Recommended actions include:  
 


 Accelerate the development and implementation of the Hypoxia Task Force’s state-
developed nutrient reduction frameworks by the states in the Mississippi Atchafalaya 
River Basin. 


 Coordinate the Task Force’s efforts with the Hypoxia Task Force’s next reassessment, 
scheduled to be completed in 2013. This coordination will help better ensure 
consistency and focus related to the establishment of performance indicators and 
supporting actions for the reduction of nutrients. 


 Promote the development and implementation of state nutrient reduction frameworks 
by Gulf states not part of the Hypoxia Task Force (Alabama, Florida and Texas).  
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 Provide technical assistance and explore additional ways to expand support for 
implementation of State nutrient reduction frameworks. This includes supporting state-
led management efforts such as installation and monitoring of best management 
practices (BMPs) aimed at reducing excess nutrients flowing into the Gulf. 


Focus restoration actions in priority watersheds to address excess nutrients in coastal 
waters and reduce hypoxic conditions  
 
The most cost-effective and efficient way to reduce sources of excess nutrients is to target 
program funding and technical assistance for accelerated treatment of areas with the most critical 
need and in the highest priority watersheds. This approach, which addresses local water quality 
and natural resource concerns at a small watershed scale, will contribute to reducing runoff of 
excess nitrogen and phosphorus on a large scale, and contribute to reducing hypoxia and harmful 
algal blooms in the Gulf. As noted above, state nutrient reduction frameworks are useful 
mechanisms for identifying priority watersheds.  
 
Recommended actions include:  
 


 Using a science-based approach, in 
collaboration with federal and state 
agencies, select and target resources for 
priority sub-watersheds where significant 
opportunities exist to reduce excess 
nutrients, sediments and pathogens flowing 
into the Gulf of Mexico and its estuaries. 


 Increase and coordinate conservation 
practices on agricultural lands to enhance 
water quality in priority watersheds within 
the Mississippi River basin and other 
tributaries in the Gulf states through 
USDA’s Mississippi River Basin Healthy 
Watersheds Initiative (MRBI) and similar 
programs (see Mississippi River Basin 
Initiative).  


 Broaden implementation support for the 
recommendations in the Conservation 
Effects Assessment Program (CEAP) in the 
upper Mississippi River (see Conservation 
Effects Assessment Program, p. 34).  


 Increase the number of Comprehensive Nutrient Management Plans (CNMPs) 
implemented for animal feeding operations and pasture grazing. In conjunction with the 
CNMPs, implement necessary complementary conservation and best management 
practices (BMPs) including fencing, hard-bottom cattle crossings, constructed wetlands, 
and other BMPs most appropriate for the individual location and operation to 


Mississippi River Basin 
Initiative  
To improve the health of the Mississippi 
River Basin, USDA’s Natural Resources 
Conservation Service (NRCS) has 
established the Mississippi River Basin 
Healthy Watersheds Initiative (MRBI). 
Through this initiative, NRCS and its 
partners help producers in selected 
watersheds in the Mississippi River 
Basin voluntarily implement 
conservation practices that avoid, 
control and trap nutrient runoff; improve 
wildlife habitat; and maintain 
agricultural productivity.  
 
NRCS dedicated more than $70 million 
in FY 2010-11 combined to fund 
conservation projects to improve water 
quality in priority watersheds throughout 
the Mississippi River Basin. 
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effectively address nutrient transport from agricultural lands. This action would also 
help to reduce pathogens in the Gulf of Mexico. 


 Coordinate among state and federal 
programs that promote riparian buffer 
restoration and preservation to better align 
and maximize efforts. 


 Work with agricultural equipment and 
fertilizer dealers to make precision 
agriculture equipment and technologies 
available to private landowners and 
operators at affordable prices. 


Reduce pollutants and pathogens from 
stormwater flows and other sources 
 
The contaminants carried within stormwater and 
sewer overflows have the potential to affect both 
aquatic life and human health. These contaminants 
can include heavy metals from urban infrastructure 
like roads, guardrails, and construction materials; 
fertilizers and pesticides from residential and 
commercial use; petroleum products and paving 
compounds such as polycyclic aromatic hydrocarbons 
(PAHs) from commercial and residential sources; 
bacteria, viruses, protozoa and parasites from fecal 
waste; and nitrogen and phosphorus pollution. In the 
Gulf, these contaminants can impact recreational 
waters and commercial fisheries, as well as the 
overall quality of aquatic life. The Task Force 
supports a region-wide effort to reduce pollutants and 
pathogens stemming from stormwater flows and other sources entering Gulf Coast waters.  
 
Recommended actions include: 
 


 Promote comprehensive solutions that may include green infrastructure and low-impact 
development approaches in urban and suburban areas to help reduce combined sewer 
and sanitary sewer overflows, untreated stormwater runoff, as well as producing natural 
habitat buffering benefits.  


 Facilitate the expansion of municipal stormwater permit programs to include fast-
growing suburbs and urban areas not currently covered by these programs. 


 Encourage states to restrict phosphorus in lawn fertilizer, following the successful 
examples of Maine, Maryland, Michigan, Minnesota, New Jersey, New York, Virginia, 
Washington and Wisconsin. 


Conservation Effects 
Assessment Project 
The Conservation Effects Assessment 
Project (CEAP) is a multi-agency, 
multi-resource effort led by NRCS to 
assess the effects of conservation 
practices on the nation's cropland, 
grazing lands, wetlands, wildlife and 
watersheds.  
 
A recent CEAP study, The Effects of 
Conservation Practices on Cultivated 
Cropland in the Upper Mississippi 
Basin, found that farmers have adopted 
conservation practices resulting in 
significant reductions in nutrient 
losses. However, the study also found 
that conservation plans that include 
comprehensive nutrient management 
are generally lacking throughout the 
region. According to the report, a suite 
of practices that includes both soil 
erosion control and comprehensive 
nutrient management is needed to 
simultaneously address soil erosion 
and nitrogen leaching loss. 







G U L F  O F  M E X I C O  R E G I O N A L  E C O S Y S T E M  R E S T O R A T I O N  S T R A T E G Y  ( P R E L I M I N A R Y )  
O C T O B E R  5 ,  2 0 1 1  


I I I .  G O A L S   35 


Improve the quality and quantity of freshwater flow into priority estuaries to protect 
their health and resiliency 
 
Estuaries, transition zones between the coastal watersheds and offshore marine habitats, serve as 
barometers of the health of the Gulf of Mexico. They provide breeding grounds, forage and 
nursery areas for recreational and commercially important species of fish and wildlife; habitat for 
benthic species such as oysters and bay scallops; and transitional and migratory wildlife 
corridors between upstream freshwater habitats and offshore marine waters.  
 
Gulf estuaries are affected by multiple stressors, including nutrient loading, other pollution, 
altered hydrology, upstream dams, and habitat degradation and loss. Moreover, as demand for 
freshwater resources continues to increase throughout the Gulf Coast river basins and 
underground aquifers, maintaining sufficient freshwater flow into the bays and estuaries will 
become increasingly challenging. 
 
Recommended actions include: 
 


 Support state and local government efforts to better protect ground water supplies and 
instream freshwater flows by minimizing water loss from leaking water supply systems. 
Also, develop policy and incentives for water reuse on agricultural lands, urban areas 
(for watering lawns and golf courses), and other non-drinking uses of freshwater in 
areas where these resources are limited. 


 Develop a science-based freshwater inflow regime and monitoring system to improve 
the timing, quantity and quality of freshwater inflow within managed river systems 
which would not only benefit wetlands, but also remove nutrients from direct 
introduction to Gulf waters and reduce hypoxia, and sustain important fisheries, oysters 
and protected wildlife.  


 Identify and develop means of improving water management planning and conservation 
to restore and maintain freshwater resources along the Gulf.  


Coordinate and expand existing water quality monitoring efforts supporting adaptive 
management of programs and projects designed to improve water quality 
Available water quality data throughout the Gulf of Mexico basin (from inland watersheds to 
estuaries/nearshore areas and the off shore waters) are insufficient or inadequate as currently 
collected to allow for the accurate assessment of status and trends. Incomplete data makes it 
difficult to quantify changes and to determine if restoration and protection measures are 
successful. The Task Force supports the following actions to better coordinate and expand water 
quality monitoring to support adaptive management: 
 


 In collaboration with federal and state partners, assess current water quality monitoring 
information and data. Identify gaps in core information needs and performance 
measures to develop a long-term, water quality, monitoring program building on 
existing efforts, including assessment of nutrients, harmful algal blooms, and other 
water quality parameters.  
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 Monitor and assess nutrients in the Mississippi River Basin, to better quantify current 
nutrient loading to the Gulf and target reduction efforts.  


 Leverage existing information management infrastructures of EPA, NOAA, USDA and 
DOI to integrate and provide monitoring data and information supporting local, state 
and regional decision needs. 


Collaborate with Mexico to assess and reduce emissions from oceangoing vessels in 
the Gulf that degrade water quality 
Water quality, particularly in near-coastal waters, can be negatively affected by pollutants 
emitted from oceangoing vessels. To protect marine and coastal areas, including the Gulf, the 
North American Emissions Control Area (ECA) was adopted by the United States and Canada in 
March 2010. The ECA will put in place lower sulfur marine fuel standards for ships operating in 
the ECA beginning in August 2012, as well as nitrogen oxide standards for engines on ships built 
in 2016 and later. This initiative will dramatically reduce air pollution from ships and deliver 
water quality benefits by reducing atmospheric deposition of pollutants to coastal ecosystems.  
 
Ongoing efforts will continue with Mexico to increase awareness of the health and 
environmental benefits of reducing emissions from oceangoing vessels. Data from a recent U.S.-
Mexico fuel switching demonstration, for example, show that particulates and sulfur dioxide 
emissions from container ships can be reduced by up to 80 percent and 94 percent respectively.81


 


 
This plan presents a unique opportunity to increase the benefits of reducing ship emissions in the 
Gulf of Mexico.  


Replenish and Protect Living Coastal and Marine Resources  
 
The Gulf Coast is inhabited by a rich diversity of mammals, birds, reptiles, fish, invertebrates 
and plants. For example, the coral reef systems support some of the most diverse assemblages of 
life, including anemones, spiny lobsters, yellowtail snapper and nurse sharks. These species 
provide the underpinning for economically critical commercial and recreational opportunities, as 
well as many vital ecosystem services such as filtering pollutants, sequestering carbon, and 
contributing to a robust and biologically diverse system better capable of rebounding from 
natural and human-made events. Gulf of Mexico habitats are among the most important on the 
continent for wintering waterfowl and migrating songbirds. Radar images show hundreds of 
millions of migrating birds passing through the Gulf each spring and fall relying on coastal 
habitats for rest and food. Beach-nesting birds and marsh birds are in decline and other beach-
dwelling species are at increasing risk due to threats such as climate change and habitat loss. 
Anadromous fish such as striped bass, alligator gar and the threatened Gulf sturgeon need 
healthy, connected coastal waterways and rivers flowing into the Gulf for spawning.  
 
Human communities depend substantially on the productivity of living coastal and marine 
resources for economic and recreational benefit: 
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 A 2006 national survey of wildlife-related recreation reported that revenues from fishing, 
hunting and wildlife viewing in the Gulf region topped $22 billion.82 In 2006, 1.6 million 
people participated in wildlife viewing in Florida alone. Of those people, 1.3 million 
viewed shorebirds, 800,000 viewed fish and 600,000 viewed ocean mammals.83


 Recreational and commercial fishing is a multi-billion dollar industry critical to the 
economies of each of the Gulf states. From 2007 to 2009, more than 75 percent of the 
total U.S. shrimp landings and over 60 percent of oyster landings were from the Gulf of 
Mexico.


  


84 More than 44 percent of all marine fish caught by recreational anglers in the 
U.S. in 2009 were from the Gulf of Mexico.85


But many Gulf Coast plant and animal species are in decline or at abundances far below historic 
levels. Among the threats contributing to the depletion of living coastal and marine resources are 
development in environmentally sensitive areas, land loss, pollution, water quality degradation, 
including excess nutrient discharge leading to hypoxia, and increases in disease and invasive species.  


 


 
Implementing the recommendations provided in the “Restore and Conserve Habitat” and “Restore 
Water Quality” sections of this Strategy will directly and significantly benefit and improve living 
coastal and marine resources. The sustainability of commercial fish species, for example, depends on 
healthy coastal habitat; nearly 97 percent of commercial finfish and shellfish landed in the Gulf of 
Mexico depend on estuaries and coastal waters at some point in their life cycle.86


 


 The survival and 
health of estuaries and offshore ecosystems are linked with the riverine processes that deliver 
freshwater, sediment and nutrients to moderate salinity, sustain floodplain habitats and enhance 
coastal fisheries. The interconnectedness and complexity of near-shore and offshore habitats create 
opportunities for multiple benefits from ecosystem restoration actions. Successful restoration of 
living coastal and marine resources will entail a robust monitoring effort, implementation of species 
restoration plans, and targeted reintroduction and re-stocking of depleted resources.  


M A J O R  A C T I O N S  


Restore depleted populations of living coastal and marine resources  


The Gulf is home to a number of endangered and species at risk of extinction. Twenty-eight species 
listed under the Endangered Species Act occur in the Gulf, including three plants, four birds, nine 
mammals, seven reptiles, three fish, and two corals.87 Additionally, many species of marine 
mammals in the Gulf are protected under the Marine Mammal Protection Act. Numerous other 
species are listed in state wildlife protection programs. Recent management efforts of federal and 
state fisheries have reduced the number of fish stocks on current “overfishing” and “overfished” 
lists; however, commercially and recreationally important species have been reduced from historical 
levels. For example, red snapper in the Gulf have been reduced to less than 10 to 15 percent of 
historic spawning abundance,88 recent regulatory accountability measures under the Magnuson-
Stevens Fisheries Conservation and Management Act are making significant strides to rebuild this 
stock.89


Restoration actions that improve habitat and restore water quality will substantially improve the 
health of the living coastal and marine resources of the Gulf. However, some depleted populations 
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need additional management assistance to fully recover and become self-sustaining components of 
the ecosystem. For example, nesting populations of Kemp’s Ridley sea turtle have experienced 
significant rebuilding as result of the management, restoration and conservation efforts of Mexico 
and the United States.90 Additionally, 2011 marked the historic reintroduction of 10 endangered 
whooping cranes, after a 40-year absence, into the marshes of southwest Louisiana.91


 


 Restoring reefs 
in areas of significant vessel groundings and oyster reefs in once-degraded habitat are also examples 
of techniques to replenish living resources. 


Recommended actions include: 
 


 Revisions to existing management plans (e.g., ESA Recovery Plans, Magnuson-Stevens 
Act Fishery Management Plans, or State Wildlife Action Plans) should use an 
ecosystem-based approach to improve monitoring and research of living coastal and 
marine resources, including nursery, spawning and breeding habitats; integrate input 
from all affected stakeholders; minimize adverse impacts that can result from human 
activities; maintain sustainable native populations; and protect, restore and maintain 
critical habitat for fish, wildlife and plants in coastal areas. 


 Implement existing plans, and where appropriate, develop plans for conserving 
threatened and endangered species. Most species listed under the ESA have recovery 
plans that prioritize actions needed for recovery. Efforts should be made to implement 
high-priority recovery actions and complete recovery plans for remaining threatened 
and endangered species currently not addressed in an approved recovery plan. 


 Improve the quality and timeliness of fishery-dependent data (e.g., from recreational 
catches) and implement a Gulf-wide, comprehensive and long-term fishery-independent 
data collection program (e.g., from scientific research cruises). Decrease the time 
between data collection and its use for fishery management decisions. The lack of data 
is frequently cited as a major challenge in achieving sustainability and maximizing 
economic benefits to recreational and commercial fisheries. 


 Explore opportunities to enhance depleted fishery stocks through reintroductions, 
and/or develop and expand aquaculture capabilities to re-stock native species of fish, 
shellfish, plants and wildlife. 


 


Conserve and protect offshore environments 
One hundred fifty million years of biological and geological history have created numerous 
banks, escarpments and hard grounds that ring the continental margins of the Gulf of Mexico. 
These hardbottom features are relatively rare, highlighting the importance of conserving these 
habitats where they do exist. The seafloor environments formed by these features are home to 
dense communities of corals, sponges and other invertebrates. They also attract resident and 
migratory fish species, including snapper, grouper, sharks, rays, as well as marine mammals and 
sea turtles. These ecologically important places extend into deep areas of the Gulf where dense 
assemblages of deepwater coral species and seeps of methane support unique and biologically 
rich marine communities. The deepwater environments of the Gulf support schools of squid, 
which are food sources for many whales, swordfish and marlin. 
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The unique hard-bottom structures found throughout the Gulf (such as the Florida and Texas 
Snapper Banks, the Alabama Pinnacles, the Alabama Alps, the Florida Middle Grounds and 
Pulley Ridge, and the Texas and Louisiana Flower Garden Banks) support prolific invertebrate 
communities and important reef fish spawning areas. Pulley Ridge is a series of drowned barrier 
islands on the southwest Florida Shelf, which are the deepest known light-dependent coral reefs 
in the United States. Throughout the Gulf, extensive offshore mats of Sargassum provide shelter, 
nursery habitat and food for deepwater species, including sea turtles. These highly diverse 
concentrations of marine life are essential to maintaining the Gulf’s biodiversity and the 
productivity of its commercial and recreational fisheries.  
 
The health of these environments, and of all the coastal and offshore habitats of the Gulf of 
Mexico, relies on the physical and biological connections that link the places and their 
communities to each other and to the wider Gulf and Caribbean region. Therefore, protecting and 
managing a network of ecologically significant offshore sites will be important to the Gulf’s 
overall biological productivity and resilience. 
 
Recommended actions include: 
 


 Identify candidate locations for cooperative conservation and restoration of offshore 
living resources based on biological significance through focused mapping and 
exploration efforts 


 Develop a conservation framework and 
prioritization criteria for appropriate 
protection and compatible use that 
accommodate both economic importance 
and biological integrity. This effort should 
be undertaken in collaboration with relevant 
stakeholders and build on existing efforts. 


 


Restore and protect oyster and coral reefs 
Oysters have significant economic, environmental 
and social value throughout the Gulf coast and are 
considered one of the important economic engines in 
the region, particularly in rural coastal communities. 
Coral reefs are among the most diverse and 
biologically complex ecosystems in the Gulf, 
supporting high levels of biodiversity and densities of 
living organisms, as well as providing high regional 
economic value through ecotourism. Oyster and coral 
reefs in the Gulf serve many ecological functions, 
including reducing shoreline erosion and storm surge, 
creating habitat for other species, and improving 
water quality by filtering nutrients and sediments. 


100-1000 Restore 
Coastal Alabama 
Project 


100-1000 Restore Coastal Alabama is a 
collaborative partnership and volunteer 
effort to restore 100 miles of oyster 
reefs to help create the conditions 
needed to plant, support and promote 
more than 1000 acres of coastal marsh 
and seagrass beds. This restoration 
effort will provide habitat for oyster 
larvae to settle and colonize, establish 
nursery habitat for commercially and 
recreationally important finfish and 
shellfish, dampen wave energy, 
decrease erosion, stabilize sediments 
and improve water clarity. This coastal 
restoration project also includes critical 
job creation and community 
involvement components to support and 
sustain the vision of a better coastal 
Alabama. 
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These habitats have declined as a result of altered salinities and sediment; degraded water 
quality; overfishing; disease; climate change; storms and droughts.  
 
One important opportunity for enhancing coastal resiliency is through actions such as restoring 
native reefs, and other habitats such as salt marsh, mangroves, barrier islands, seagrass beds and 
other near-shore adapted plants and sessile organisms. This action can create a “living 
shoreline,” which can be a viable alternative to an armored shoreline. These structures also 
provide the added benefits of improved water quality, and overall increase in habitat diversity 
and productivity. For example, oyster shell/coral/limestone breakwaters, if properly constructed 
as part of living shoreline projects, can serve ecological functions similar to those of natural 
reefs. 
 
Recommended actions include:  
 


 Develop criteria to prioritize oyster reef and coral reef creation, restoration and 
enhancement projects across the Gulf of Mexico.  


 Engage aquaculture industry in oyster and other shellfish restoration efforts, building 
on successes in other regions of the country. 


 Consider artificial reefs in territorial and coastal waters where appropriate. 


 Restore and manage coral and oyster reefs to support a variety of ecosystem services, 
including sustainable harvest, fish production, water filtration, nitrogen removal, and 
shoreline protection and stabilization. 


 


Coordinate and expand existing Gulf monitoring efforts to track sentinel species and 
sites  
Sentinel species are representative plants and animals that can be tracked over time to help alert 
researchers, decision-makers and the public about current or potential threats, trends and impacts 
to the ecosystem. Sentinel species are often the first or most obvious species to show effects of 
environmental change, serving as the proverbial “canary in a coal mine.” Sentinel sites are key 
locations in coastal and marine environments suitable for intensive study and sustained 
observations to detect and understand physical, chemical and biological changes in the 
ecosystems they represent. By focusing on sentinel species and sites, scientists can better 
understand the status and trends in ecosystem health, improve ecosystem risk models, target 
restoration actions, and better inform management actions.  
 
State and federal agencies in the Gulf are engaged in long-standing efforts to actively monitor 
fish and wildlife. These efforts provide the foundation for building sentinel programs. The 
Department of the Interior agencies, including Fish and Wildlife Service (U.S. FWS), Bureau of 
Ocean Energy Management, Regulation Enforcement, National Park Service, and the U.S. 
Geological Survey, as well as NOAA all have monitoring programs that track federal trust 
species on and offshore. Additionally, EPA’s National Estuary Program and NOAA’s National 
Estuarine Research Reserves and National Marine Sanctuaries support extensive monitoring 
programs in the Gulf. Examples of long-standing surveys include the state-federal Southeast 
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Example Sentinel Species 
and Sites for Monitoring 
Gulf Ecosystem Health 
Sentinel species could include: 


Fish: Atlantic bluefin tuna, red snapper, gag 
grouper, menhaden, whale sharks, Gulf 
sturgeon, flounder, speckled trout 


Birds: pelicans (brown and white), snowy 
plover, northern gannet (offshore), American 
oyster catcher  


Mammals: beach mice, sperm whale, 
manatee, dolphin 


Turtles: Kemp’s Ridley, loggerhead, green 
sea turtles, diamondback terrapin 


Corals: staghorn, elkhorn, deepwater species 


Plants: spartina, mangroves (black and red), 
sea oats, turtle grass, sargassum, algae 


Invertebrates: oysters, shrimp, bluecrab, 
macroinvertebrates 


Sentinel sites could include: 


Deepwater coral reefs 


Fish spawning areas and other marine 
aggregating areas  


NOAA’s National Marine Sanctuaries 
(NMS) National Estuarine Research Reserve 
Sites (NERRS) and EPA’s National Estuary 
Program (NEP) 


 


Area Monitoring and Assessment Program (SEAMAP), U.S. FWS Waterfowl Population 
Surveys, Marine Mammal Population at-sea and aerial surveys, and bluefin tuna larval 
monitoring in the Gulf of Mexico. State agencies often have complementary monitoring 
programs. An accessible, comprehensive database of information is needed to coordinate and 
link efforts and inform management decisions.  
 


Recommended actions include: 
 


 In collaboration with current 
partners, identify appropriate 
sentinel species and sites throughout 
the Gulf of Mexico that would 
provide long-term data to inform 
restoration actions.  


 Support and enhance existing 
monitoring efforts to ensure that the 
selected suite of sentinel species and 
sites is  sufficiently tracked. Pursue 
public-private partnerships to 
expand monitoring capabilities. 


 Develop and apply methods to 
estimate population sizes; determine 
geographic distribution and 
abundance trends to implement 
protection strategies for sentinel 
species and sites of particular 
sensitivity. 


 


Minimize, and eliminate where possible, 
invasive species that impact the Gulf of 
Mexico 
Invasive species are species that are non-
native to a specific ecosystem, or native 
species with a competitive advantage due to 
significant ecosystem impacts from human 
development, hurricanes, or other factors. 
Invasive species can be plants, animals, or 
other organisms occupying terrestrial and/or 
aquatic habitats. More than 300 
nonindigenous aquatic species alone have 
been found in the Gulf region, some of which 
are considered potentially harmful to the Gulf 
of Mexico ecosystem.92 Some examples 
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include nutria, lionfish, giant salvinia,93 orange cup coral,94 Asian tiger shrimp,95 green mussel,96 
and several species of tilapia.97 Invasive species are primarily introduced through human actions. 
For example, international shipping and aquaculture are major means of introduction of aquatic 
invasive species to the Gulf of Mexico.98


 
 


Because invasive species have few natural enemies and are often immune to native diseases, they 
usually spread rampantly. Also, altered habitat conditions from wetland loss and changes in 
stream flow enable invasive species to proliferate. Invasive species are one of the leading threats 
to biodiversity and have enormous consequences for agriculture, forestry, fisheries, and other 
human activities, as well as human health. Control costs and environmental damages can add up 
to millions of dollars per year.99


 
  


Recommended actions include: 
 


 Develop and implement Gulf states invasive species management plans and pathway-
specific risk management plans. Use existing state and regional partnerships, such as 
the Florida Invasive Species Partnership (FISP) and the Cooperative Invasive Species 
Management Areas (CISMAs), as potential model frameworks. 


 Evaluate the impact of various introduction mechanisms (such as ship ballast water, 
aquarium and exotic pet trade, and the movement of large platforms into the Gulf) , by 
working collaboratively with such entities as the following: Gulf of Mexico states, the 
Gulf and South Atlantic Regional Panel on Aquatic Invasive Species, the Aquatic 
Nuisance Species Task Force, the National Invasive Species Council and the Southeast 
Aquatic Resources Partnership (SARP).  


 


Enhance Community Resilience 
 


About 10 million people live along the Gulf Coast, enjoying the many unique benefits of living 
in this area. These communities also face challenges from natural disasters such as hurricanes 
and floods and from long-term hazards such as erosion, land subsidence and sea-level rise. 
Human induced challenges also confront communities, including coastal land loss, population 
change and associated development, and technological disasters such as oil spills. These 
communities will benefit directly from Gulf restoration activities which will improve ecosystem 
services, such as better storm protection and healthier fisheries. Actions taken to increase 
community resilience will reduce future impacts from storms and sea-level rise decreasing the 
duration and expense of response and recovery. In just the last ten years, eight of the costliest 
hurricanes in American history caused an estimated $225 billion in damages to Gulf states.100 In 
2005 alone, taxpayers from all 50 states expended an estimated $120 billion responding to the 
impacts of Hurricanes Katrina, Rita and Wilma.101 A study commissioned by the Federal 
Emergency Management Agency (FEMA) found that every one dollar invested in proactive 
mitigation efforts to prevent damages yields four dollars in cost savings.102 Some studies have 
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shown even greater savings. Improving Gulf communities’ capacity to address acute and chronic 
hazards will contribute to the economic viability of the region and the nation.  


  


Seafood Safety 
The Deepwater Horizon oil spill highlighted the value of fishery resources to coastal communities in 
the Gulf and the region’s importance to the nation as a source of high-quality, abundant seafood. The 
Food and Drug Administration (FDA), NOAA’s National Marine Fisheries Service, EPA, the U.S. 
Coast Guard, and the Gulf Coast states have taken unprecedented steps to verify the safety of the 
seafood harvested from the Gulf, first by closing areas exposed to the oil and then by establishing 
protocols designed to ensure the safety of seafood as fishing areas were reopened. All federal waters 
and state waters, with the exception of some small areas near the mouth of the Mississippi River, have 
been reopened.103


Many of the actions highlighted in this strategy will directly affect the quality and abundance of the 
seafood in the Gulf of Mexico, including addressing the loss of important coastal and marine habitats, 
improving water quality by reducing excess nutrients, and addressing sources of pathogens and other 
pollutants into coastal waters. In combination with the Gulf states’ ongoing sampling and testing to 
verify the quality of fish, shrimp, crabs and oysters produced by their local industries, restoring 
habitat and water quality will contribute to a robust fishing economy in the Gulf of Mexico. 


  


 
 
 
Each Gulf Coast community ultimately has its own needs, values and interests, so solutions for 
ecosystem restoration and coastal planning will be driven by local decisions based on local 
conditions. At the same time, to effectively meet immediate needs and anticipate future 
conditions, coastal communities – the decision-makers, residents, and other stakeholders – 
should better collaborate to identify solutions that consider Gulf-wide needs, regional concerns, 
and local conditions. Gulf states have initiated efforts to develop coastal improvement programs 
that address community resilience and ecosystem restoration in a manner that incorporates 
ecologically sustainable growth and local interests. These programs should be used to identify 
development priorities, such as maintaining important ecosystems or relocating housing and 
infrastructure out of sensitive areas to more appropriate, less-vulnerable locations. In order for 
communities to better plan, prepare and respond to changes associated with living along the 
coast, technical assistance and currently available analytical tools should be employed to 
increase resiliency of communities. 


M A J O R  A C T I O N S  


Develop and implement comprehensive, scientifically based and stakeholder-informed 
coastal improvement programs 
Gulf Coast states should build upon and create effective coastal improvement programs to reflect 
state-based, stakeholder-driven priorities for coastal improvements that incorporate a range of 
federal and state coastal improvement and restoration programs.  
 
The Mississippi Coastal Improvement Program (MsCIP), for example, is a framework for the 
protection, restoration, enhancement and re-establishment of more natural buffering capacities of 
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coastal habitats. The State of Mississippi and the Corps established this effort in response to 
Hurricane Katrina, and jointly manage the program. MsCIP addresses community resilience and 
ecosystem restoration in a manner responsive to natural system concerns and local interests. 
Although reducing risk was the major theme of the effort, the solutions presented in the plan 
inherently addressed land and habitat loss, coastal living resources and water quality. 
 
The MsCIP framework offers a model for developing local and state methods to achieve 
restoration at the local, state, and regional ecosystem levels. The other coastal states have or are 
considering similar approaches. The State of Texas and the Corps are pursuing a partnership to 
develop a comprehensive protection and restoration plan for the Texas coast based on existing 
authorities. Alabama has expressed interest in developing an effort similar to the MsCIP, and 
Florida is evaluating the benefits and potential approaches for pursuing a Gulf restoration plan. 
The State of Louisiana is focused on its State Master Plan update, which is scheduled to be 
completed in December 2012 and would look to further its partnership with the Corps to create a 
common federal/state vision.  
 


 
 
 


To effectively address ecosystem restoration, federal and state agencies need to coordinate 
comprehensive implementation efforts. They should identify shared priorities, maximize 
opportunities for efficiencies, provide scientific and technical support, and identify resources 
needed to assist in implementation.  
  


EPA’s Climate Ready Estuaries Program 
EPA's Climate Ready Estuaries (CRE) is working to promote climate change adaptation with 
National Estuary Program (NEP) partners in the Gulf of Mexico. Estuaries and coastal areas are 
particularly vulnerable to climate variability and change. To maintain water quality and protect 
coastal resources, managers may need to develop and implement adaptation measures. CRE 
provides resources to NEPs and other coastal managers to (1) assess climate change 
vulnerabilities, (2) develop and implement adaptation strategies, (3) engage stakeholders, and (4) 
share lessons learned with their peers and coastal communities.  
 
CRE has supported several projects with Gulf of Mexico NEPs that have taken the lead in 
regional adaptation planning. Recent work has focused on developing strategies to enhance 
community resilience through vulnerability assessments and public engagement about sea-level 
rise. For example, in 2009 the Charlotte Harbor NEP partnered with the City of Punta Gorda, 
Florida, and finalized a climate change adaptation plan for the municipality. Currently, the 
Tampa Bay Estuary Program is leading a project with all of the Gulf of Mexico NEPs to develop 
a Gulf-wide resource guide on how to incorporate climate change into projects that restore 
coastal habitat. CRE shares lessons from demonstration projects it supports via a website 
(www.epa.gov/cre), annual progress reports, social media and lessons-learned summaries. 



http://www.epa.gov/cre
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Recommended actions include: 
 


 Advance efforts to create and/or implement coastal planning programs with a focus on 
Gulf-wide coordination.  


 Improve the foundation for supporting or establishing these programs by: 


 Undertaking a coordinated effort among state and federal partners to assess 
critical risks, including anticipated sea-level rise, and increased frequency of 
storms leading to coastal inundation, to ensure impacts are addressed at both local 
and regional scales. 


 Communicating available risk avoidance actions and providing resources about 
approaches to planning for individuals and communities. 


 Evaluating areas on a system-wide basis to determine the appropriateness of 
structural or non-structural risk reduction opportunities to include 
environmentally preferred alternatives. 


 Explore opportunities for broadened implementation support for coastal improvement 
programs. 


 Develop alternative implementation processes for coastal improvement projects that 
can be responsive to community needs. 


 Evaluate opportunities to manage environmental mitigation on a watershed basis with a 
goal of achieving the greatest overall environmental benefits.  


 
 
 
 


Landscape Conservation Cooperatives 
In 2010, the Department of the Interior established Landscape Conservation 
Cooperatives (LCCs), forming a national network of public-private partnerships that 
provide shared science to ensure the sustainability of America's land, water, wildlife 
and cultural resources. LCCs provide scientific and technical support for landscape–
scale conservation in an adaptive management framework by supporting conservation 
planning, providing decision support tools, prioritizing and coordinating research, and 
designing inventory and monitoring programs. Partner agencies, states and 
organizations coordinate with each other while working within their existing 
authorities and jurisdictions. In the Gulf of Mexico region, four LCCs are being 
established: Gulf Coast Prairie which includes coastal Texas and Louisiana; Gulf 
Coastal Plains and Ozarks which connects with the Louisiana coast and stretches 
across Mississippi, Alabama and the panhandle of Florida; South Atlantic which 
includes the big bend area of Florida; and Peninsular Florida which covers the rest of 
the Florida Gulf coast down through the Keys. 
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Integrated Ecosystem Assessments 
NOAA is adopting a comprehensive ecosystem-based management approach where the whole 
ecosystem, including its human dimensions, is considered at the same time. NOAA’s approach to 
Integrated Ecosystem Assessments (IEAs) is at ecological scales relevant to management 
questions, allowing resource managers to make more informed and effective decisions to achieve 
ecological and socio-economic objectives. IEAs are “a synthesis and quantitative analysis of 
information on relevant physical, chemical, ecological, and human processes in relation to 
specified management objectives.” 104,105


The national IEA program, which will include eight regions based on the US Large Marine 
Ecosystems, has been initiated in three regions, including the Gulf of Mexico. The Gulf IEA will 
identify and accumulate relevant ecosystem data sets, and make them available through a data 
system and services framework for use in food-web and ecosystem models. Trophic linkages data 
will be used in existing and forthcoming food web and ecosystem models. Ecosystem indicators 
will be developed and inform management through an Ecosystem Status Report.  


  


 


Provide analytical support tools to enhance community planning, risk assessment and 
smart growth implementation  
Many activities are underway in the Gulf to support communities as they examine current and 
future needs to enhance community resiliency. Coastal communities face significant risk of 
inundation from storms and sea-level rise. They also face a key challenge in their efforts to 
reduce this risk: accessing accurate and understandable information and decision-support tools 
about potential solutions. Models, forecasts and visualization tools will improve understanding 
of the impacts of coastal hazards and climate impacts on livelihoods and ecosystem services. 
Communities also need tools such as best management practices for local institutions about 
storm protection, fire protection, coastal building code improvements, storm-water runoff and 
nonpoint source pollution. In addition, evaluating coastal areas on a system-wide basis will help 
communities determine the appropriate portfolio of structural and non-structural risk reduction 
measures to include ecosystem restoration.  
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The concept of “smart 
growth” offers a viable 
framework for the local 
response planning efforts of 
Gulf Coast communities. 
Smart growth recognizes 
that communities should be 
economically vibrant and 
sustainable while providing 
a high quality of life and 
supporting ecosystem 
integrity. Communities that 
choose to implement 
coastal smart growth 
elements can do so through 
local zoning policies and 
building codes, local and 
regional planning activities, 
and incentives for private 
developers created with full 
stakeholder engagement.  
  
Building on existing 
efforts, recommended 
actions include: 
 


 Develop a toolbox of storm buffer options that could be considered by local entities.  


 Inventory and evaluate models for storm surge, waves and coastal erosion to determine 
most appropriate/best ones for use in developing risk assessment of storm surge wave 
impact and sea-level rise.  


 Refine the risk or vulnerability indices, such as the NOAA’s Coastal Storms Program’s 
Community Resilience Risk Index to enhance the local understanding of risk from 
surge and waves, and to prioritize at-risk populations. 


 Integrate and align available analytical tools and resources supporting Smart Growth 
application as well as potential opportunities for technical assistance. For example, 
EPA’s Sustainable Communities Building Blocks program, the NOAA-EPA Coastal 
Community Development Partnership, Louisiana’s Coastal Land Use Toolkit, and the 
HUD-DOT-EPA Partnership for Sustainable Communities help communities 
implement development approaches that protect the environment, improve public 
health, create jobs, expand economic opportunity, and improve overall quality of life. 


 


Regional Climate Services Partnership 
NOAA is committed to promoting healthy ecosystems, 
communities and economies that are resilient in the face of 
changing climate conditions. NOAA's Regional Climate Services 
Partnership, which is made up of federal and non-federal partners 
such as Regional Integrated Science and Assessments (RISAs), 
Regional Climate Centers (RCCs), National Integrated Drought 
Information System (NIDIS) and Regional Climate Services 
Directors (RCSDs), seeks to assess regional needs and 
vulnerabilities, and then develop and deliver timely climate services 
that aid mitigation and adaptation choices. The Partnership also 
works to build a climate-literate public that understands its 
vulnerabilities so that it can appropriately plan ahead. 
  
In FY12, the RCSD, Southern Region, working with NOAA’s Gulf 
Coast Landscape Conservation Liaison, will lead an effort to 
develop a Gulf of Mexico climate services “roadmap” that will 
enhance NOAA-DOI interagency collaboration on climate services 
in this region. NOAA and DOI programs that focus on climate 
services, climate science, and conservation delivery will be engaged 
in this effort. The focus of the FY12 NOAA-DOI climate services 
“roadmap” effort in the Gulf will be a regional workshop that will 
provide an opportunity to highlight existing capacity and expertise, 
identify shared priority regional needs, and develop an integrated 
and coordinated approach to implementation of regional climate 
services activities. 
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Promote environmental stewardship by expanding environmental education and 
outreach  
Given the ever-changing nature of the Gulf ecosystem and the challenges that communities along 
the Gulf face, there is a need to increase public awareness of hazards, impacts to ecosystem 
services, and the interconnected nature of the ecosystem and the communities it supports. 
Programs that provide citizens with hands-on learning experiences increase understanding of 
links between the environment and their well-being. This understanding will enhance 
appreciation for the natural systems on which they depend and better prepare individuals and 
communities to face complex decisions about their interactions with their environment. This 
knowledge and awareness are essential for achieving environmental stewardship, which will help 
to ensure sustainable Gulf communities. 
 
Recommended actions include: 
 


 Expand opportunities for community-based restoration in which citizen and community 
groups can participate, such as the “100-1000” project in coastal Alabama and coastal 
planting efforts in Louisiana. 


 Expand the use of public private partnerships to enhance the development and delivery 
of Gulf of Mexico environmental educational programs. 


 Support and increase informal environmental education programs for Gulf of Mexico 
coastal communities.  


 Leverage existing partnerships among state and federal agencies, affected Indian tribal 
governments, universities, non-profits and community organizations to engage citizens 
in addressing current and future restoration and conservation needs, with particular 
attention to under-represented individuals and communities. 
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IV. Science-Based Adaptive Management 


he Executive Order creating the Task Force highlights the critical need to ensure that 
restoration efforts have a robust scientific foundation. The need for science to support 
restoration and conservation is readily apparent, both at a whole ecosystem level as well 
as at the project-specific level, as highlighted throughout many of the Actions previously 


described in the Strategy. However, the dire state of many elements of the Gulf ecosystem 
cannot wait for scientific certainty and demand immediate action. A process is needed that 
allows for restoration efforts articulated here to move ahead in a scientifically defensible manner 
increasing the fundamental scientific certainty necessary for successful restoration and 
expanding current knowledge of the state of the system. This process would also determine the 
efficacy of the restoration actions through a focused effort of monitoring, modeling and research 
to support effective management and decision-making.  
 
Adaptive management is a process of learning by doing, wherein flexibility is built into projects, 
and actions can be changed based on their progress toward a defined end-state. A key component 
is a feedback mechanism that is used to sequentially improve management actions so that 
management decisions are routinely adjusted to achieve program goals and objectives. 
Incorporating the best science and technology into project design and implementation would 
allow for restoration of the ecosystem and protection of coastal communities in light of future 
uncertainties (e.g., climate change). Critical elements include: 
 
 Establishing an effective adaptive management framework with critical research, 


modeling and monitoring elements to support adaptive management. This framework can 
provide a foundation for decision-making; provide long-term, continuous scientific data, 
analysis, and recommendations critical to the design, implementation, and monitoring of 
restoration and conservation projects; develop enabling tools, methodologies and 
protocols; resolve uncertainties that limit restoration planning; and assess the immediate 
and long-term effectiveness of restoration and conservation actions. This framework 
would also provide for improved coordination and collaboration among federal and state 
agencies, industry (e.g., oil and gas, transportation), NGOs and stakeholders. 


Central to this framework is the establishment of an integrated, interdisciplinary, 
interagency effort, under the direction of the Task Force. This can include assembling 
necessary science working and advisory groups and teams, capitalizing on existing 
science consortiums, programs, and institutions within Gulf states and across the 
region, to share resources and information, exchange ideas, identify concerns, and create 
solutions in the context of adaptive management for sustainability of Gulf Coast 
ecosystems. Additionally, implementation of adaptive management should be 
continuously improved by establishing a review and evaluation process that incorporates 
a critical assessment of the program and its effectiveness in supporting restoration and 
protection efforts. 


T 
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 Establishing monitoring, modeling, and scientific research to meet the scientific needs 
of the Strategy. Monitoring, modeling and research development activities should be 
integrated from the initial stages of restoration planning through to adaptive management 
decision-making. 


 Developing a comprehensive “watershed to Gulf” monitoring program. Feedback 
from continuous, long-term, accurate monitoring provides the “adaptive” feature that 
is the basis of adaptive management and can be used to judge project effectiveness 
and the impact of collective restoration and conservation efforts across the Gulf 
ecosystem more broadly. This system should integrate and enhance existing 
comprehensive watershed, estuarine, coastal, and offshore monitoring networks and 
observing systems, including existing platforms and structures to improve cost-
effective mapping, monitoring, and assessment of inland, estuarine, coastal and 
offshore environments. This program should also include identification and 
development of mechanisms for integrated management and synthesis of data and 
information, and development of data products and information services. 


 Establishing a Gulf of Mexico modeling network to provide tools to increase 
certainty in forecasts and estimates of ecosystem function and services for decision-
makers and the public. Models can be used to modify or adjust restoration and 
protections actions, and to provide analysis and guidelines to the efficacy of different 
restoration strategies/projects (e.g., re-establishment or modification of freshwater 
flow, nutrient loads, suspended sediment deposition, storm buffers, barrier island 
restorations). 


 Investing in research and basic exploration to understand the ecosystems in the Gulf 
and how they can be resilient to impacts from episodic events, such as hurricanes or 
oil spills, and long-term changes such as climate impacts. Humans are part of the 
ecosystem; focused research linking ecological and community resilience, including 
human impacts, solutions and risk is needed. Research is particularly important in 
supporting management when it increases understanding of how physical, chemical 
and biological components interact with each other, helping scientists and managers 
evaluate known and potential impacts of restoration actions on environmental 
components and processes. Research should be directed at reducing scientific 
uncertainty to improve confidence in modeling and monitoring tools, and ultimately 
improve management actions. 


 Providing decision support. A central component of a strong adaptive management 
strategy is articulating and conveying results in a compelling and clearly understood 
format that can help inform effective decision-making and improved public 
understanding.  


 Developing integrated decision-support tools and systems, including expansion and 
enhancement of predictive, simulation, and risk assessment models and ecological 
forecasting capabilities. 
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 Developing decision-making visualization and data aids that overlay the myriad uses 
of the Gulf that can potentially interact with energy and mineral development, such as 
Virtual Louisiana, Virtual Alabama and Gulf Data Atlas.  


 Expanding ecosystem services and benefits analysis tools and capabilities to 
determine the socioeconomic benefits ecosystems provide throughout the Gulf region.  


 Establishing indicators of success and monitoring assessments to evaluate the 
performance of program elements to meet their stated goals. The performance 
measures must be measurable and understandable to the public; have outcomes or 
targets specified for the desired Gulf condition; be sensitive to ecosystem change as a 
result of the Strategy implementation; and verify restoration and protection 
effectiveness and answer hypotheses. 


 Developing a Gulf-wide Progress Report. This report should provide summary status 
information on ecosystem endpoints and communicate progress of management in 
improving ecosystem function. It should reflect trends over time to judge progress in 
an easy-to-understand format for the public and decision-makers, providing 
information on both how the ecosystem is functioning and why.
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V. Next Steps 


he Task Force’s primary purpose is to support and coordinate efforts of Gulf Coast states, 
the federal government, tribes and local governments to improve efficiency and 
effectiveness in the implementation of Gulf Coast ecosystem restoration actions. This 
Strategy is an initial, significant step in this effort. The Strategy sets forth a shared set of 


overarching goals based on existing goals, scientific assessments and stakeholder input, and 
proposes major actions for immediate and longer-term implementation.  
 
In addition to mandating the Task Force’s overall coordination role, Executive Order 13554 
defines the Task Force’s responsibilities to: 
 
 Support the NRDA process by referring potential ecosystem restoration actions to the 


Trustee Council for consideration and facilitating coordination among the relevant 
departments and agencies as appropriate.  


 Engage local stakeholders, communities and the public to ensure they have an 
opportunity to share their needs and viewpoints to inform the work of the Task Force. 


 Identify major policy areas where coordinated intergovernmental action is necessary. 


 Prepare a biennial update to the President on progress toward the goals of Gulf Coast 
ecosystem restoration as outlined in the Strategy. 


 Provide leadership and coordination of research needs in support of ecosystem restoration 
planning and decision-making and facilitate consideration of relevant scientific and 
technical knowledge. 


 Communicate with affected tribes in a manner consistent with Executive Order 13175. 


 Coordinate with relevant agencies and offices on ways to encourage health and economic 
benefits associated with ecosystem restoration. 


Going forward, the Task Force can serve as a valuable intergovernmental forum for senior policy 
officials at the state and federal level to support efforts to restore the Gulf Coast ecosystem and 
address barriers to implementation such as science needs, regulatory complexities and resources. 
In this time of fiscal constraints, it is important for federal and state agencies to closely 
collaborate and align resources and actions to support projects that are high priority and ready to 
begin in the near future. The Task Force intends to work with other entities focused on Gulf 
Coast restoration to align and coordinate efforts; this includes the Gulf of Mexico Alliance, the 
National Ocean Council, research institutions and others.  


Continued work is needed to translate some of these recommendations into action on the ground 
and identify ways to track restoration progress. The Task Force plans to build on work already 
done by developing an implementation framework with specific milestones.  


T 
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Several of the actions described in this Strategy will be immediately implemented by one or 
more members of the Task Force. Other actions address longstanding challenges in the Gulf that 
will require more focused effort over time to determine the course of action. Following the final 
release of the Strategy, the Task Force intends to begin immediately to develop the outcomes, 
performance measures, milestones, and the short-, medium- and long-term tasks necessary to 
implement this Strategy. The Task Force intends to complete work on defining outcomes and 
performance measures for the actions described in this Strategy within six months after the final 
Strategy is released.  


Task Force members need to work to more effectively align programs, resources and science to 
support restoration planning, design, and implementation and will develop tools to measure 
progress in achieving ecosystem restoration goals. By ensuring greater coordination at all levels 
of government, the Task Force can promote more effective and efficient management of 
restoration efforts and support project proponents.  
 
To this end, the Task Force intends to collaborate with member states and agencies to implement 
the actions set forth in this Strategy. It also intends to establish mechanisms in the near term to 
facilitate more efficient development and implementation of restoration projects. These efforts 
should enhance coordination, prioritize ecosystem restoration actions, facilitate leveraging of 
funds and improve restoration permitting and regulatory review of the programs supporting the 
Strategy. Many of the actions outlined in the Strategy are currently supported by ongoing plans 
and supporting programs. The initial focus will be to identify and build upon these efforts. For 
actions not currently supported, the Task Force intends to: 
 


 Specify the current status of each issue, including which agency is working on the 
issue, under which authority, and with which resources. 


 Identify a lead agency, state or other actor for each task needed to implement the action, 
along with appropriate partners. 


 Create a schedule of specific activities to accomplish each goal, along with any 
necessary or available resources, authority, science or external support needed. 


 Establish a science-based approach for ensuring success of actions undertaken. Key 
elements include: 


 Building a robust interdisciplinary, interagency effort to guide implementation of 
project-specific and ecosystem-wide restoration adaptive management 


 Establishing critical monitoring, modeling and research elements that provide the 
scientific foundation for the restoration goals outlined in the Strategy. 


 Developing analyses and tools that support well-informed, timely decisions based 
on an up-to-date understanding of ecosystem trends over time, future conditions, 
effectiveness of past and ongoing restoration efforts, and necessary changes or 
considerations for future restoration efforts. 


 Provide critical decision-support tools to reflect ecosystem trends over time, 
communicate progress of restoration projects, and inform critical decisions and 
necessary changes in restoration efforts. 
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 Continue to engage the public and communities on the restoration effort by providing a 
forum for the public to bring its ideas and needs regarding ecosystem restoration to 
governmental leaders.  


 Establish and maintain the core interagency staff expertise needed to develop the 
implementation plan and guide its execution as envisioned in this Strategy. 


 Expand opportunities for collaboration with local governments, business entities, and 
NGOs as a critical component of Strategy implementation.  


The Task Force envisions that the programs necessary to implement the Strategy will be 
implemented by the appropriate state or federal agency or agencies. It is possible that some 
programs identified as necessary to achieve restoration might require specific state or 
Congressional authorization.  


The Task Force can undertake critical work, as outlined above, to ensure that the tools and 
relationships needed for successful Gulf Coast restoration are in place or under development. By 
assisting other ongoing restoration programs and bringing a comprehensive ecosystem focus to 
Gulf Coast restoration efforts, underpinned by good science and effective stakeholder 
involvement, the Task Force strives to fulfill a very important mission: to put America’s Gulf 
Coast on the road to long-term recovery and restoration. 


The Task Force reaffirms the importance of Secretary Mabus’ two initial recommendations: that 
Congress (1) set aside a significant portion of any potential Clean Water Act civil penalties 
associated with the Deepwater Horizon oil spill for recovery in the Gulf and (2) create a Gulf 
Coast Recovery Council to coordinate restoration and recovery in the region as an eventual 
successor to this Task Force.  
 
The Executive Order directed that this Strategy describe the circumstances under which 
termination of this Task Force would be appropriate. The Task Force believes that in the event 
Congress passes legislation establishing a Gulf Coast Recovery Council or similar body with 
comparable responsibilities, the Task Force would terminate and facilitate any needed transition. 
There could be other conditions under which the Task Force is no longer needed and it may, by 
consensus of its members, choose to forward to the President a recommendation to cease its 
operations. However, there is currently a clear need for federal/state cooperation in support of the 
actions described in this Strategy. The Task Force intends to revisit this question before the close 
of fiscal year 2012.  
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Appendix A. Executive Order 13554 
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Presidential Documents
 


Executive Order 13554 of October 5, 2010 


Establishing the Gulf Coast Ecosystem Restoration Task Force 


By the authority vested in me as President by the Constitution and the 
laws of the United States of America, it is hereby ordered as follows: 


Section 1. Purpose. The Gulf Coast is a national treasure. Its natural resources 
are an important economic engine for the entire United States; its waters 
sustain a diverse and vibrant ecosystem; and the Gulf’s culture, natural 
beauty, and historic significance are unique. Each year, millions of tourists 
visit the Gulf to vacation, swim, boat, fish, hunt, and bird-watch; and, 
together, the Gulf’s tourism and commercial and recreational fishing indus
tries make a significant contribution to the United States economy. More 
than 90 percent of the Nation’s offshore oil and gas is produced in the 
Gulf, and it is where nearly one-third of seafood production in the continental 
United States is harvested. 


The United States needs a vibrant Gulf Coast, and the Federal Government 
is committed to helping Gulf Coast residents conserve and restore resilient 
and healthy ecosystems in the Gulf of Mexico and surrounding regions 
that support the diverse economies, communities, and cultures of the region. 
To effectively address the damage caused by the BP Deepwater Horizon 
Oil Spill, address the longstanding ecological decline, and begin moving 
toward a more resilient Gulf Coast ecosystem, ecosystem restoration is need
ed. Ecosystem restoration will support economic vitality, enhance human 
health and safety, protect infrastructure, enable communities to better with
stand impact from storms and climate change, sustain safe seafood and 
clean water, provide recreational and cultural opportunities, protect and 
preserve sites that are of historical and cultural significance, and contribute 
to the overall resilience of our coastal communities and Nation. 


In order to achieve these objectives, it is necessary that Federal efforts 
be efficiently integrated with those of local stakeholders and that particular 
focus be given to innovative solutions and complex, large-scale restoration 
projects. Efforts must be science-based and well-coordinated to minimize 
duplication and ensure effective delivery of services. This order establishes 
a Gulf Coast Ecosystem Restoration Task Force to coordinate intergovern
mental responsibilities, planning, and exchange of information so as to better 
implement Gulf Coast ecosystem restoration and to facilitate appropriate 
accountability and support throughout the restoration process. 


Sec. 2. Establishment of the Gulf Coast Ecosystem Restoration Task Force. 
There is established the Gulf Coast Ecosystem Restoration Task Force (Task 
Force). 


(a) The Task Force shall consist of: 
(1) A senior official from each of the following executive departments, 
agencies, and offices, selected by the head of the respective department, 
agency, or office: 


a. the Department of Defense; 


b. the Department of Justice; 


c. the Department of the Interior; 


d. the Department of Agriculture; 


e. the Department of Commerce; 


f. the Department of Transportation; 
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g. the Environmental Protection Agency; 


h. the Office of Management and Budget; 


i. the Council on Environmental Quality; 


j. the Office of Science and Technology Policy; 


k. the Domestic Policy Council; and 


l. other executive departments, agencies, and offices as the President 
may, from time to time, designate. 


(2) Five State representatives, appointed by the President upon rec
ommendation of the Governors of each Gulf State, who shall be elected 
officers of State governments (or their designated employees with authority 
to act on their behalf) acting in their official capacities. 
(b) The Task Force may include representatives from affected tribes, who 


shall be elected officers of those tribes (or their designated employees with 
authority to act on their behalf) acting in their official capacities. The Task 
Force shall, in collaboration with affected tribes, determine an appropriate 
structure for tribal participation in matters within the scope of the Task 
Force’s responsibilities. 


(c) The President shall designate a Chair of the Task Force from among 
senior officials of executive departments, agencies, and offices represented 
on the Task Force. The Chair shall lead the coordination of intergovernmental 
Gulf Coast ecosystem restoration efforts and oversee the work of the Task 
Force. The Chair shall regularly convene and preside at meetings of the 
Task Force, determine its agenda, and direct its work. The Chair’s duties 
shall also include: 


(1) facilitating a smooth transition from the response phase of addressing 
the BP Deepwater Horizon Oil Spill to the restoration phase; 


(2) communicating and engaging with States, tribes, local governments, 
other stakeholders in the Gulf Coast region, and the public on ecosystem 
restoration, as well as other aspects of Gulf recovery, including economic 
recovery and public health efforts; and 


(3) coordinating the efforts of executive departments, agencies, and offices 
related to the functions of the Task Force. 
(d) Representatives of the Gulf States under subsection (a)(2) of this section 


shall select from among themselves a Vice-Chair of the Task Force. 
Sec. 3. Functions of the Task Force. The Task Force shall be an advisory 
body to: 


(a) coordinate intergovernmental efforts to improve efficiency and effective
ness in the implementation of Gulf Coast ecosystem restoration actions; 


(b) support the Natural Resource Damage Assessment process by referring 
potential ecosystem restoration actions to the Natural Resource Damage As
sessment Trustee Council for consideration and facilitating coordination 
among the relevant departments, agencies, and offices, as appropriate, subject 
to the independent statutory responsibilities of the trustees; 


(c) present to the President a Gulf of Mexico Regional Ecosystem Restora
tion Strategy (Strategy) as provided in section 4 of this order; 


(d) engage local stakeholders, communities, the public, and other officials 
throughout the Gulf Coast region to ensure that they have an opportunity 
to share their needs and viewpoints to inform the work of the Task Force, 
including the development of the Strategy; 


(e) provide leadership and coordination of research needs in support of 
ecosystem restoration planning and decisionmaking in the Gulf Coast region, 
and work with existing Federal and State advisory committees, as appro
priate, to facilitate consideration of relevant scientific and technical knowl
edge; 


(f) prepare a biennial update for the President on progress toward the 
goals of Gulf Coast ecosystem restoration, as outlined in the Strategy; 
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(g) communicate with affected tribes in a manner consistent with Executive 
Order 13175 of November 6, 2000, on consultation and coordination with 
Indian tribal governments; and 


(h) coordinate with relevant executive departments, agencies, and offices 
on ways to encourage health and economic benefits associated with proposed 
ecosystem restoration actions. 
Sec. 4. Gulf of Mexico Regional Ecosystem Restoration Strategy. (a) Within 
1 year of the date of this order, the Task Force shall prepare a Strategy 
that proposes a Gulf Coast ecosystem restoration agenda, including goals 
for ecosystem restoration, development of a set of performance indicators 
to track progress, and means of coordinating intergovernmental restoration 
efforts guided by shared priorities. In developing the Strategy, the Task 
Force shall: 


(1) define ecosystem restoration goals and describe milestones for making 
progress toward attainment of those goals; 


(2) consider existing research and ecosystem restoration planning efforts 
in the region, including initiatives undertaken by the National Ocean 
Council and the Mississippi River/Gulf of Mexico Watershed Nutrient 
Task Force (Gulf Hypoxia Task Force), in order to identify planning and 
restoration needs and ways under existing authorities to address those 
needs; 


(3) identify major policy areas where coordinated intergovernmental action 
is necessary; 


(4) propose new programs or actions to implement elements of the Strategy 
where existing authorities are not sufficient; 


(5) identify monitoring, research, and scientific assessments needed to 
support decisionmaking for ecosystem restoration efforts and evaluate exist
ing monitoring programs and gaps in current data collection; and 


(6) describe the circumstances under which termination of the Task Force 
would be appropriate. 
(b) The executive departments, agencies, and offices enumerated in section 


2(a)(1) of this order shall, to the extent permitted by law, consider ways 
to align their relevant programs and authorities with the Strategy. 
Sec. 5. Administration. (a) The Task Force shall have a staff, headed by 
an Executive Director, which shall provide support for the functions of 
the Task Force. 


(b) The Executive Director shall be selected by the Chair and shall super
vise, direct, and be accountable for the administration and operation of 
the Task Force. 


(c) The Departments of Commerce (through the National Oceanic and 
Atmospheric Administration), the Interior (through the Fish and Wildlife 
Service), and Justice shall identify linkages and opportunities for the Task 
Force to complement the restoration progress of the Natural Resource Damage 
Assessment Trustee Council. 


(d) At the request of the Chair, executive departments and agencies, includ
ing the Departments of Labor, Health and Human Services, Energy, and 
Homeland Security, the Small Business Administration, and the National 
Science Foundation, shall serve in an advisory role to the Task Force on 
issues within their expertise. 


(e) The Task Force may establish such technical working groups as nec
essary to support its function. These working groups may include additional 
representatives from State and tribal governments, as appropriate, to provide 
for greater collaboration. 


(f) The first meeting of the Task Force shall be held within 90 days 
of the date of this order. 

Sec. 6. Definitions. (a) ‘‘Affected tribe’’ means any Indian tribe, band, nation, 

pueblo, village, or community that the Secretary of the Interior acknowledges 
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to exist as an Indian tribe as defined in the Federally Recognized Tribe 
List Act of 1994 (25 U.S.C. 479a(2)), physically located in a Gulf State. 


(b) ‘‘Ecosystem restoration’’ means all activities, projects, methods, and 
procedures appropriate to enhance the health and resilience of the Gulf 
Coast ecosystem, as measured in terms of the physical, biological, or chemical 
properties of the ecosystem, or the services it provides, and to strengthen 
its ability to support the diverse economies, communities, and cultures 
of the region. It includes activity that initiates or accelerates the recovery 
of an ecosystem with respect to its health, integrity, and sustainability. 
It also includes protecting and conserving ecosystems so they can continue 
to reduce impacts from tropical storms and other disasters, support robust 
economies, and assist in mitigating and adapting to the impacts of climate 
change. 


(c) ‘‘Gulf State’’ means any of the States of Texas, Louisiana, Mississippi, 
Alabama, and Florida. 


(d) ‘‘Natural Resource Damage Assessment’’ means the process of collecting 
and analyzing information to evaluate the nature and extent of natural 
resource injuries resulting from the BP Deepwater Horizon Oil Spill and 
to determine the restoration actions needed to bring injured natural resources 
and services back to baseline conditions and make the environment and 
public whole for interim losses as defined in 15 CFR 990.30. 


(e) ‘‘Natural Resource Damage Assessment Trustee Council’’ means the 
designated Federal, State, local, and tribal trustees as provided in 33 U.S.C. 
2706, with trusteeship over natural resources injured, lost, or destroyed 
as a result of the BP Deepwater Horizon Oil Spill. 
Sec. 7. General Provisions. (a) To the extent permitted by law and subject 
to the availability of appropriations, the department, agency, or office rep
resented by the Chair shall provide the Task Force with such administrative 
services, funds, facilities, staff, and other support services as may be nec
essary for the Task Force to carry out its function. 


(b) In addition to staff provided by the department, agency, or office 
represented by the Chair, other executive departments, agencies, and offices 
represented on the Task Force are requested to make services, staff, and 
facilities available to the Task Force for the performance of its function 
to the maximum extent practicable, to the extent permitted by law and 
subject to the availability of appropriations. 


(c) Members of the Task Force shall serve without any additional com
pensation for their work on the Task Force. 


(d) Nothing in this order shall be construed to impair or otherwise affect: 
(i) authority granted by law to an executive department, agency, or the 
head thereof, or the status of that department or agency within the Federal 
Government; or (ii) functions of the Director of the Office of Management 
and Budget relating to budgetary, administrative, or legislative proposals. 


(e) Nothing in this order shall interfere with the statutory responsibilities 
and authority of the Natural Resource Damage Assessment Trustee Council 
or the individual trustees to carry out their statutory responsibilities to 
assess natural resource damages and implement restoration actions under 
33 U.S.C. 2706 and other applicable law. 


(f) This order shall be implemented consistent with applicable law and 
subject to the availability of appropriations. 
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(g) This order is not intended to, and does not, create any right or benefit, 
substantive or procedural, enforceable at law or in equity by any party 
against the United States, its departments, agencies, or entities, its officers, 
employees, or agents, or any other person. 


THE WHITE HOUSE, 
October 5, 2010. 


[FR Doc. 2010–25578 


Filed 10–7–10; 8:45 am] 


Billing code 3195–W1–P 
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Appendix B. The Gulf Coast States 


Alabama 


B A C K G R O U N D  
Alabama’s coast is located along the northern Gulf of Mexico in Mobile and Baldwin counties. 
The state’s 607 miles of shoreline include the beach and dune systems along the Gulf of Mexico, 
approximately 400,000 acres of bay and estuarine waters106 and approximately 127,000 acres107


 


 
of various types of wetlands: fresh and salt marshes, scrub-shrub, forested and grass beds. 


The current population of the state is 4,779,736. The population of Mobile County is 412,992, 
and the population of Baldwin County is 182,265. Overall, the state population increased 7.5 
percent since 2000, while Mobile County increased 3.3 percent, and Baldwin County increased 
29.8 percent over the same timeframe.108


 


 Mobile and Baldwin counties sit at the crossroads for 
expanded economic development for the northern Gulf of Mexico. They also serve as a major 
transition zone, where freshwater rivers mix with the tidally influenced salt water of the Gulf of 
Mexico.  


Alabama’s coastal area contains four broad natural ecosystems—terrestrial, freshwater, estuarine 
and marine/continental shelf—which support an extremely diverse assemblage of plants and 
animals. In terms of biodiversity (the number of distinct species in a given area), Alabama ranks 
fifth among states in the United States and first among those east of the Mississippi River.109,110


 
 


Within these ecosystems, Alabama has a profuse diversity of natural habitats, including rich 
sediments, seagrass beds, barrier islands, freshwater and saltwater wetlands, pitcher plant bogs, 
bottomland hardwood forests, wet pine savannas and upland long leaf pine and oak forests. The 
wealth of these habitats is what makes the Alabama coast unique and draws residents and visitors 
alike. 
 
Alabama’s coast is valued for its protective functions, natural resources and the uses and 
activities that take place on or near the water’s edge, all of which contribute to the economy of 
the state and the entire nation. 
 
The natural protective functions of Alabama’s beach and dune systems, estuaries and wetlands 
are instrumental in preserving and enhancing ecosystems and in reducing risks to infrastructure 
and commercial and residential developments. The coastal areas also protect inland regions from 
erosion, flooding and storms. 
 
The area’s natural resources include the Mobile-Tensaw Delta, which is an estimated 280-
square-mile area with approximately 20,000 acres of open water, 10,000 acres of fresh-mixed 
marsh, 69,000 acres of swamp, and 85,000 acres of mixed bottomland forest. It is considered a 
principal state asset.111 The Delta, along with Alabama’s beaches and dunes, estuaries and 
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Gulf and Meaher State Parks 
Two state parks are located along the Alabama shoreline: 


 Gulf State Park is a 6,000-acre park with a five-mile stretch of 
sandy beach on the Gulf of Mexico. The park grounds contain 
small lakes, a large area of wetlands and a maritime forest. 
There are backcountry nature trails, a 1,520-foot fishing pier, 
cabins and campsites. The park has 2.5 million visitors and a 
quarter million overnight guests per year.  


 Meaher State Park is a 1,327-acre park situated in the wetlands 
of Mobile Bay. It is a day-use picnicking and scenic park and 
has camping and bathhouse facilities for overnight guests. 
There is a boat ramp, fishing pier, and two nature trails that 
include a boardwalk with a close view of the Mobile Delta.  


 


wetlands, serve as breeding 
and nursery grounds for 
numerous species of finfish, 
shellfish, waterfowl, 
migratory birds and other 
wildlife, including many 
endangered and threatened 
species; thus, the coastal area 
is important in their life 
cycles. The estuaries of 
coastal Alabama are 
economically and 
environmentally important 
because of their exceptional 
biological diversity and 
productivity. 


The Mobile Bay Watershed is the sixth largest river basin in the United States and the fourth 
largest in terms of stream flow.112


 


 It drains water from three-quarters of the State of Alabama 
and portions of Georgia, Tennessee and Mississippi into Mobile Bay. Mobile Bay is also a point 
of entry for hundreds of smaller recreational and commercial vessels that traverse the lower 
Mobile Delta. Many of these vessels will make the 450-mile trip to the Tennessee River through 
the inter-basin connector known as the Tennessee-Tombigbee waterway while other vessels will 
cruise to other inland Alabama ports via extensive navigation projects on the Alabama and 
Warrior River systems.  


From 75 to 90 percent of all Alabama's commercial and recreational fishing dollars are 
dependent on Mobile Bay and Alabama’s other important estuaries, like Mississippi Sound, 
Weeks Bay and Perdido Bay. The value of Alabama’s commercial fishery and recreational 
boating and fishing statistics are recorded by the Alabama Department of Conservation and 
Natural Resources. In 2009, records showed 14,291 commercial trips landing 27.8 million 
pounds of seafood worth over $37 million. At present, 271,523 registered boats and 597,785 boat 
operator licenses are on file in the state. In 2009, 100,290 resident and non-resident saltwater 
fishing licenses were also issued. 
 
Alabama’s coastal resources also support a thriving tourism industry. The state reported in 2009 
that more than 7.1 million visitors enjoyed the state’s beaches, scenic vistas, access to the Gulf of 
Mexico and bays and waterways. In 2009, these visitors spent over $3.1 billion in Mobile and 
Baldwin counties. The counties rank first (Baldwin at 25 percent) and third (Mobile at 9.7 
percent) in total travel-related employment for the state. In 2009, the total travel-related 
employment for the two counties was 56,294 employees, and total travel-related earnings by 
employees were over $1.2 billion.113


 
 


Essential to Alabama’s coastal economy is the Port of Alabama, which is the global deep-water 
gateway for the state. In 2009, the port ranked 14th in the nation in the amount of total tonnage 
shipped.114 The most frequent import and export commodities transferring through the Port of 
Alabama are coal, aluminum, iron, steel, lumber, wood pulp and chemicals. The Alabama State 
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Port Authority’s Mobile Container Terminal provides containerized cargo shippers with access 
to global networks covering all possible trade routes to and from the Port of Alabama. The port is 
served by 12 shipping lines offering fixed daily, weekly, bi-monthly and monthly container 
services throughout the world. The port can accommodate any size ship, due to a large variety of 
dry-dock sizes. The ship channel is 45-feet deep, and the port has a 1,000-foot turning basin. It is 
only four hours from deep-water ocean navigation.115


 
  


The port, combined with the city of Mobile's industrial center, represents a multi-billion dollar 
impact on regional, state and world economies. The port contributes 66,617 in jobs and over 
$7.92 billion to Alabama’s economy annually. In addition, virtually every conceivable service 
for the maritime industry can be found in the city of Mobile, including barge fleeting services, 
container repair and leasing, donate tonnage services, freight forwarding, guard service and ship 
watching, heavy lift and salvage, industrial diving, line handling, marine fumigation services, 
maritime waste disposal, ship chandlers, stevedoring and towing.116


 
 


Alabama is rich in energy resources and has considerable natural gas reserves. Offshore natural 
gas, shipbuilding and ship repair are among the coastal area’s expanding businesses, creating a 
synergy for growth. As offshore oil and gas exploration continues, the area’s shipbuilders are 
building offshore supply and rig-tending vessels and repairing rigs at their facilities on the 
Mobile River.117


 


 A number of local shipbuilders also build, renovate and repair vessels of all 
sizes for the U. S. military. 


S T A T E  P R I O R I T I E S  
 
The Gulf Coast Ecosystem Restoration Task Force Strategy lays out four overarching goals. 
Alabama’s priority actions for each goal are described below. 
 


Restore and Conserve Habitat 
 
The natural habitats of Alabama’s coast have experienced changes, primarily through loss, over 
the last 100 years. Some of these losses are a result of natural events while others are due to 
human activities, such as population growth, land-use conversion, shoreline hardening, 
introduction or transfer of invasive species and runoff and excess sediments. These natural 
ecosystems are complex and heavily impacted by patterns of land-use and changing land cover. 
 
The beaches of Gulf Shores, Orange Beach, Gulf State Park and Dauphin Island have all 
experienced major erosion in the past decade,118 starting with Tropical Storm Isidore in 
September 2002, and Hurricanes Ivan and Katrina in September 2004 and August 2005, 
respectively. In 2005 to 2006, Alabama placed nearly 8 million cubic yards of sand along more 
than 15 miles of beach—the largest beach nourishment project in the state’s history. This project, 
and other beach nourishment efforts, have provided additional habitat, storm protection benefits 
and improved recreational capacity. However, these projects totaled more than $31 million, and 
the cost of properly maintaining these projects will continue over the years.119 Accordingly, 
identifying a consistent source of funding is crucial for the sustainability of these projects. 
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Many successful habitat restoration efforts have also been conducted in the state. Small-scale 
projects include the restoration of salt marsh and living shoreline projects at Helen Wood Park; 
numerous marsh planting projects conducted by the “Grasses In Classes Program” in conjunction 
with the Weeks Bay National Estuarine Research Reserve; and a number of experimental oyster 
reef projects. Large-scale projects include the Little Bay Project and the Coffee Island/Alabama 
Port Shoreline Protection Project, which have restored over 30 acres of salt marsh and/or 
protected approximately 3 miles of shoreline from further loss from erosion, as well as provided 
important habitat for oysters, finfish and shellfish. The Alabama Department of Conservation 
and Natural Resources has also established an oyster reef that is expected to be self-sustaining 
under appropriate monitoring and management. However, the true success of such restoration 
projects depends upon dedicated funding for monitoring and ongoing, long-term maintenance 
needs. 
 
Alabama’s priorities for conserving and restoring habitat include: 
 
 Work with the federal government to establish support for and development of a land 


protection strategy for the Alabama Gulf Coast. 


 Restore wetlands, barrier islands and beaches through the use of dredged sediments and 
identify physical and financial resources to restore critical habitats. 


 Enhance existing oyster reefs by planting cultch materials in areas affected by storms, 
and establish new oyster reefs by planting cultch and relocating live oysters from other 
areas. 


 Implement policy changes to protect freshwater wetlands; value ecosystem services; 
restore streams, rivers, and creeks; and improve management of stormwater runoff. 


 Protect and stabilize salt marsh edges, manage wave energy to deter erosive impacts and 
restore salt marshes in strategic locations. 


 Implement policy changes to encourage living shoreline technologies, and demonstrate 
appropriate and affordable technologies to private landowners. 


 Adopt and implement a state-wide plan for the long-term management of invasive 
species. 


 Document patterns of land use and land cover changes and how they will impact habitats 
in the foreseeable future. 


 Enhance and create offshore and inshore natural and artificial fish habitat and structures. 


 Coordinate with the federal government to establish habitat restoration projects that 
require no federal match and with federal agencies to allow for creative match options 
when federal match is required. 
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Restore Water Quality 
 
Maintaining adequate supplies of clean water is critical to the high quality of life enjoyed by the 
citizens of Alabama. Water is necessary for maintaining agricultural production, industrial 
processes, power generation and public health. The Alabama Gulf Coast also is a main source of 
recreation for both citizens and visitors. As Alabama grows, the demand for clean water will 
continue to increase. 
 
Major water quality issues in the Mobile River Basin include nutrient enrichment, sedimentation, 
pesticides and toxins, habitat degradation, heavy metals, bacterial contamination and the health 
of the estuarine environment and its fisheries. To track changes in the condition of this basin, the 
State of Alabama has supported a variety of environmental monitoring programs, including 
water quality, habitat change and key living resource populations. This monitoring will establish 
long-term datasets to track change over time. 
 
Alabama’s priorities for restoring water quality include: 
 
 Reduce excessive sediment and pathogen loads in waterways through improved 


management of stormwater runoff, restoration of inland waterways (including streams 
and creeks) and promotion of sustainable land use policies. 


 Improve and enhance infrastructure that promotes centralized wastewater treatment 
systems to improve water quality. 


 Improve understanding of impacts from heavy metals and mercury and how to cycle 
these metals out of sediments. 


 Expand public education and incentives related to nonpoint source pollution and promote 
local management alternatives. 


 Improve water quality and clarity to promote seagrass restoration. 


 


Replenish and Protect Living Coastal and Marine Resources 
 
To protect the rich diversity of coastal and marine resources in the state, Alabama is focusing on 
gaining a better understanding of the history, habitat requirements, life cycles, and strengths and 
weaknesses of native species. The state is also examining problems associated with the 
introduction of exotic species and working to ensure the continued health of commercial and 
recreational fisheries. 
 
The Alabama coast is recognized for its recreational fishing opportunities and commercial 
fishing industry. Many of the species that support these fishing opportunities have complex life 
histories. They usually exhibit onshore/offshore migrations and a strong dependence on estuarine 
habitats during juvenile stages. Long-term monitoring of estuarine-dependent organisms 
provides insight into the status of fishery resources, which could help to determine the 
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effectiveness of habitat restoration programs, consequences of habitat degradation and the 
impacts of invasive species. 
 
The state’s priorities for protecting and replenishing living coastal and marine resources include: 
 
 Increase large-scale funding for oyster reef restoration and artificial reef creation and 


enhancement. 


 Increase funding for marine resource research and fish production facilities. 


 Improve temporal and spatial monitoring of living and coastal marine resources, 
including nursery habitats and dependent faunal species. 


 Develop adaptive policies for the management of supply and demand of commercial and 
recreational fishery species. 


 Maintain and enhance fishery stocks in nearshore, offshore and coastal Alabama waters. 


 Promote, develop, monitor and enhance the artificial reef zones in both inshore and 
offshore Alabama waters. 


 


Enhance Community Resilience 
 
The coastal region from east of the Mississippi River to east of Mobile Bay is more likely to be 
affected by a moderate to severe climatic event than other area in the Gulf. Over a 15-year 
period, nine storms caused some degree of damage in Alabama. These storms include seven 
named hurricanes–Erin, Opal, Danny, Georges, Ivan, Dennis and Katrina (six of which were 
Category 2 or higher) and two named tropical storms–Hanna and Isidore. Hurricane Ivan alone 
caused over $2 billion in insured losses in 2004.120


 


 While not every storm was a direct hit, they 
all caused problems. For example, Tropical Storm Isidore, which made landfall in coastal 
Louisiana, caused significant coastal beach erosion in Alabama–in fact, the shoreline prior to that 
storm has served as the restoration standard for local beach nourishment efforts. 


The Deepwater Horizon Oil Spill of 2010 is just the latest of a series of disasters to strike the 
Alabama coast, and it is evident from these events that the entire coastal area of Alabama needs a 
comprehensive plan to reduce the significant risk and damages to public safety, property, 
economic viability and environmental resources from future natural and human-made stressors. 
Being a coastal state brings repeated and ongoing challenges–it goes with the territory. For 
Alabama, it is essential to understand the cumulative impacts of these stressors, which have long-
lasting effects on the natural resources, physical resources and local economies. 
 
A comprehensive plan would ensure the economic and social vitality of the state’s coastal 
communities and their ability to survive crisis, influence change and be healthy places for their 
residents and visitors. Toward this end, the Coastal Recovery Commission of Alabama recently 
drafted a roadmap to guide the development and implementation of strategies across a broad 
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range of categories to strengthen the region’s communities and their adaptability and 
sustainability over time. A comprehensive plan for coastal Alabama could be patterned after the 
successful Mississippi Coastal Improvements Program (MsCIP), which acknowledges the 
importance of a healthy coastal ecosystem to the sustainability and resiliency of both the natural 
and human-made infrastructure of the coast. A comprehensive plan could also be crafted that 
would build upon the Coastal Recovery Commission’s work in identifying the issues facing 
coastal Alabama and move toward possible solutions: 
 
 Creating opportunities for the collaboration of local, state and federal agencies and 


Alabama coastal residents to maximize the use of resources in support of the 
comprehensive planning effort. 


 Reducing the susceptibility of residential, commercial and public infrastructure to storm 
damages. 


 Improving habitats for coastal and marine resources to support commercial and 
recreational harvest. 


 Assisting in the recovery of natural and human-made features damaged by erosion or 
unwise land use and development decisions. 


 Promoting long-term erosion reduction during future natural hazards. 


 Promoting diversification of economies within the two coastal counties as a means of 
economic resilience from future hazards. 


 
All of the above could be included in an Alabama Coastal Resiliency Plan. Currently, there are 
no existing authorities under which the U.S. Army Corps of Engineers could participate in such a 
comprehensive planning effort. However, the state has held meetings with the Corps to explore 
possible partners and funding options. The most promising partner is the State of Alabama, 
Department of Conservation and Natural Resources (ADCNR). ADCNR’s State Lands Division 
currently houses a number of coastal programs, and an MsCIP-like comprehensive planning 
effort would fit well within the Division’s existing programs. Other likely sponsors include 
Mobile and Baldwin Counties. Other partners that would be included in the planning effort are 
the local municipalities, Mobile Bay National Estuary Program and Alabama State Port 
Authority and nongovernmental organizations such as Mobile Bay Keeper, Smart Coast Inc., 
Alabama Coastal Foundation, Partners for Environmental Progress, Envision Coastal Alabama, 
Mobile Area Chamber of Commerce, Eastern Shore Chamber of Commerce, South Baldwin 
Chamber of Commerce, Gulf Coast Area Chamber of Commerce and Gulf Shores/Orange Beach 
Tourism. 
 
The state’s priorities for enhancing community resilience include: 
 
 Promote the development of community conservation plans that include elements of 


coastal management, emergency response and community development. 
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 Improve knowledge of the dollar value associated with environmental protection in terms 
of long-term community sustainability and resilience. 


 Enhance opportunities to promote the understanding of the necessity of economic 
resilience as a component of community resilience through various programs, such as 
those offered through Gulf State Park, which increase both visitation to and appreciation 
for the state’s coastal community. 


 Implement an Alabama Coastal Resiliency Plan in the aftermath of catastrophic events. 


 Enhance and promote tourism and economic development in the coastal area. 


 Promote, restore and enhance public access and recreation to coastal resources. 
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Florida 


B A C K G R O U N D  
 
Florida forms the southernmost terminus of the United States and the eastern boundary of the 
Gulf of Mexico. With three miles of territorial seas off the Atlantic and three leagues 
(approximately 10 miles) in the Gulf, it is the largest ocean-owning state in the continental 
United States. Along its Gulf Coast alone, Florida has more than 5,095 miles of tidal shoreline, 
436 miles of sandy beaches, and 1.9 million acres of tidally submerged wetlands.121


  
 


Florida’s population numbers 18,801,310 people. Statewide, 80 percent of this population lives 
along the coast, and no point in the state is greater than 60 miles from the coast. Twenty-three of 
Florida’s 67 counties border the Gulf Coast with a combined population of more than 6.6 million 
residents.122


 
  


Ecologically, the state is very diverse. Geography heavily influences this diversity of coastal and 
marine habitat, creating essentially an island state, almost entirely surrounded by sea. From 
temperate Pensacola to tropical Key West, the nearly 900-mile journey crosses seven degrees of 
latitude through rare coastal dune lakes, pine flatwoods and prairies, scrub, coastal hammocks, a 
variety of wetlands and the Florida Everglades and Florida Keys’ coral reefs. 
 
Along the Gulf Coast, from Pensacola to Apalachicola, barrier islands help form tidal estuaries 
near river mouths where hardwood swamps transition to salt marsh wetlands. From Ocklockonee 
Bay to Crystal River, crystal clear springs and blackwater swamp forests feed streams and rivers 
that empty directly to the Gulf Coast, where vast and important seagrass beds cover the sea floor. 
From Tarpon Springs south, mangroves replace salt marsh and form fringing forests and inland 
tidal swamps. 
 
The broad, shallow continental shelf along Florida’s Gulf Coast supports extensive tropical coral 
reefs that stretch from the Florida Keys to the Snapper Banks off Pensacola. Strategically placed 
artificial reefs supplement these natural coral reefs. Together, these coral communities support an 
incredible diversity of fish and other marine life, including fish populations found nowhere else 
in the Gulf. The beauty and biodiversity of Florida’s coral reefs attract divers and fishermen from 
around the world. The state, particularly the Florida Keys, is recognized as the diving capital of 
the world. The reefs, along with intertidal oyster bars, barrier islands, tidal salt marsh, mangroves 
and submerged seagrass meadows provide a buffer against storms and hurricanes, making 
adjacent coastal communities safer and more resilient. 
 
The Gulf Loop current is significant for the biodiversity of state resources as it circulates the 
warm tropical seawater from the Caribbean that is partially responsible for establishing and 
maintaining the state’s coral reefs and other tropical marine habitats. The current also provides 
energy to feed tropical storms and hurricanes and can transport pollutants, like spilled oil and 
marine debris, through the Gulf. 
 
The sandy beaches of Florida’s Gulf Coast and the Florida Keys provide critical nesting habitat 
for endangered shore birds, beach mice and sea turtle populations. Seagrasses and patch reefs off 
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both Florida Bay and north Florida’s Big Bend cover the sea floor for hundreds of square miles, 
providing food, important nurseries and shelter for incredible numbers and diversity of marine 
life. 
 
The state’s ecosystems not only support thriving biological communities, but also a world class 
tourism industry, providing many service-related and manufacturing jobs. The Everglades drains 
into the coastal estuaries of South Florida’s Ten Thousand Islands and Florida Bay supporting 
significant fisheries and wildlife that attract visitors from around the world and generate 
recreational and business opportunities for Floridians. Florida’s Gulf Coast beaches are another 
example. of ecosystem services of economic interest. They include the famed Emerald Coast 
along the Florida Panhandle and the beaches of Tampa Bay, Clearwater, and St. Petersburg. 
Siesta Beach on Siesta Key, a barrier island southwest of Sarasota, was named the top beach in 
the country in 2011 by “Dr. Beach,” producer of “The Best Beach in America.” Each year 
Florida routinely has at least one beach on the top 10 list since its creation in 1991.123


 
  


Tourism was responsible in 2010 for welcoming more than 82.3 million visitors, who spent over 
$62.7 billion, generating 22 percent of the state’s sales tax revenue and employing nearly 1 
million Floridians.124 Each year, $15 billion and 141,373 jobs result directly from fish and 
wildlife in Florida, and an additional $17 billion and another 203,000 jobs are a result of boating 
activities in state waters.125 Wildlife viewing is a significant pastime in Florida, accounting for 
$5.6 billion and 51,367 jobs. In 2006, 1.6 million people visiting the state participated in wildlife 
viewing in Florida, the majority of whom came to view coastal and marine wildlife.126


 
 


Military installations along Florida’s Gulf Coast also provide significant economic activity for 
the state. Major military training and testing operations off northwest Florida include the 
Pensacola Naval Air Station and the Eglin, Hulbert Field and Tyndall Air Force Bases. These 
bases, along with the U.S. Central Command and Special Operations in Tampa, the Key West 
Naval Air Station, and the Homestead Air Force Base, result in significant economic and security 
benefits to the state and nation. Statewide, defense-related spending was $64.8 billion in 2010 
and accounted for 686,181 direct and indirect jobs.127 That spending is estimated to approach 
$67.7 billion in 2013.128


 
  


Gulf Coast ports at Pensacola, Panama City, Port St. Joe, St. Petersburg, Tampa, Port Manatee 
and Key West also add significant revenues and jobs to the state. These Gulf Coast ports account 
for over $10.5 billion per year in economic activity supporting 125,000 direct and indirect 
jobs.129


 


 The ports ship agricultural and industrial products and provide cruise ship access to 
customers and commerce throughout the wider Caribbean, South America and around the world. 
Florida is the number one port of departure for cruises in the world, and more cruise ships are 
berthed here than anywhere else. Florida ports, including Tampa and Key West, provide popular 
day-long excursions, too. 


Maintaining healthy, sustainable fisheries is vitally important to the state as recreational and 
commercial fishing contribute immensely to the economy, quality of life and character of 
Florida’s coastal communities, particularly in the Gulf. Florida is one of the nation’s premiere 
destinations for recreational fishing and is marketed as the “Fishing Capital of the World.” 
Florida also has more world record fish catches than any other state or country.  
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Florida also leads all states in economic return for its marine recreational fisheries. Recreational 
saltwater fishing alone contributes over $5 billion and more than 50,000 jobs to the state’s 
economy each year.130 In 2008 to 2009, more than one million individuals bought a marine 
recreational fishing license; one third of whom were not Florida residents.131 More than 3,400 
for-hire fishing licenses were purchased, making Florida one of the largest charter fleet 
headquarters in the world.132


 


 In 2008, Florida Gulf Coast recreational anglers took 16.9 million 
trips: 9.6 million private/rental, 6.7 million by shore and 595,000 by party/charter boat. 


Florida commercial saltwater fishing contributes another $1 billion and more than 10,000 jobs to 
the state each year.133 The Department of Commerce has ranked Florida's commercial fishery as 
the second highest of all states for in-state sales at $5.6 billion annually, and the seventh highest 
in total landings revenue at $169 million annually. Florida is also the second highest state for 
jobs supported by commercial fishing, providing 108,695 jobs each year.134


 
  


Another important Florida fishery, particularly on the Gulf Coast, is oysters. Florida produces 
about 10 percent of the Gulf’s oyster catch, a $4.5 million annual dockside value to the state. 
Apalachicola alone produces over 90 percent of Florida’s oyster harvest.135


 
  


Florida’s ecosystems also support new economic opportunities for fast evolving technological 
advancements in ocean energy, engineering, pharmaceutical, aquaculture and other marine 
related industries and jobs. Florida is home to more than 20 major public and private marine 
research and education facilities that help support these new economies for the future136


 
 


S T A T E  P R I O R I T I E S  
 
The Gulf Coast Ecosystem Restoration Task Force Strategy lays out four overarching goals. 
Florida’s priority actions for each goal are described below. 
 


Restore and Conserve Habitat 
 
Florida has experienced major land use changes over the past 200 years, which have affected the 
state’s diverse habitats. A great deal of development has occurred, particularly after World War 
II as people discovered Florida’s sandy beaches, sunny climates and cheap land, which they 
modified to meet their particular needs. Agriculture, silviculture and community development 
required major changes in forest and wetland cover and drainage. Transportation corridors and 
fire cessation have resulted in habitat fragmentation and alterations. Ditching and draining, 
shoreline hardening, runoff and excess sediments all contributed to major losses of productive 
coastal and some marine habitat. 
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Florida Forever 


 
Started in the late 1980s, with the Preservation 2000 (P2000) program and followed by the Florida Forever 
program, Florida has the largest public land acquisition program of its kind in the United States and could be 
used as a model for coastal habitat protection in other Gulf States and the nation. With approximately 9.9 
million acres of federal, state and local conservation land in Florida (over a quarter of the state), more than 
2.5 million acres were purchased under the Florida Forever and P2000 programs. Since July 2001 to present, 
Florida Forever has acquired more than 673,753 acres of land, worth $2.83 billion. 
 
Florida Forever Funding Distribution 
 


  


 Division of State Lands - 35% 


 Working Waterfront - 2.5% 


 Florida Communities Trust - 21% 


 Division of Recreation and Parks - 1.5% 


 Office of Greenways and Trails - 1.5%  


 
Florida Recreation Development Assistance 
Program (Local Governments) - 2% 


 
Florida Fish and Wildlife Conservation 
Commission - 1.5% 


 Florida Forest Service, DACS - 1.5% 


 Rural & Family Lands, DACS - 3.5% 


 Water Management Districts - 30% 


The Florida Department of Environmental Protection distributes Florida Forever funding to a number of 
state agencies and programs to purchase public lands in the form of parks, trails, forests, wildlife 
management areas and more. All of these lands are held in trust for the citizens of Florida. 


Source: Florida Department of Environmental Protection Website 
http://www.dep.state.fl.us/lands/fl_forever.htm  


 



http://www.dep.state.fl.us/lands/default.htm�

http://www.floridacommunitiestrust.org/mayfieldwaterfronts/�

http://www.floridacommunitiestrust.org/�

http://www.dep.state.fl.us/mainpage/programs/parks.htm�

http://www.dep.state.fl.us/mainpage/programs/gwt.htm�

http://www.dep.state.fl.us/parks/OIRS/default.htm�

http://www.dep.state.fl.us/parks/OIRS/default.htm�

http://www.myfwc.com/�

http://www.myfwc.com/�

http://www.fl-dof.com/�

http://www.fl-dof.com/forest_management/rural_family_lands_index.html�

http://www.dep.state.fl.us/secretary/watman/�

http://www.dep.state.fl.us/lands/fl_forever.htm�
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Florida also has had a long history of land acquisition for preservation, protection and restoration 
of natural resources, which has resulted in an extensive network of protected critical natural 
habitat throughout the state. Of specific note is the extensive level of federal and state 
coordination and resource commitment to South Florida ecosystem restoration through the 
Comprehensive Everglades Restoration Program (CERP). 
 
Florida’s priority actions for habitat conservation and restoration include: 
 
 Protect, stabilize and restore salt marsh, seagrass, oyster, coral reef, beach, dune 


mangrove, and other important marine bottom habitat in strategic locations where man-
made and storm impacts have occurred or are likely to occur in the future. 


 Partner with Florida Gulf Coast military installations to integrate their ongoing 
conservation strategies and land acquisition efforts for military readiness with Florida’s 
ecosystem restoration and protection goals. 


 Implement policy and program changes necessary to reestablish natural, historic water 
flow (quality, quantity, timing and distribution) on the Apalachicola, Suwannee, Peace, 
Caloosahatchee Rivers and Florida Bay, and other riverine and estuarine systems 
connecting to the Gulf. 


 Strategically acquire, buffer and protect identified properties in state and federal 
acquisition programs to provide watershed improvements and wildlife corridors to 
downstream estuarine and marine habitats of ecological and economic importance to the 
Gulf. 


 Work with federal and state partners to establish a financial and public policy process for 
the beneficial use of sediments and rock from major dredging projects in restoring barrier 
island, beach, hard bottom and other coastal habitats. 


 Continue to work with federal partners, private landowners and stakeholders to 
implement the CERP program where it will improve and protect Gulf ecosystems in 
Southwest Florida and the Keys. 


 Refine and implement inlet management plans to restore the natural flow of sediments 
around inlets to down drift beaches.  


 Develop and implement invasive species’ eradication and management plans to address 
impacts to natural ecosystems within the Gulf region. 


 Restore and manage critically eroded sandy beaches and dunes for upland protection, 
recreation, tourism and wildlife. 


 Work with federal and local agencies to develop and implement a hard bottom mitigation 
strategy to restore habitats where damage from storms, transportation and navigation 
projects, beach restoration and other impacts from public projects have occurred or will 
occur. 
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Setting Nutrient Limits for 
Florida Estuarine and 
Coastal Waters  


The State of Florida began a nationally 
recognized water quality improvement program 
with the passage of the Watershed Restoration 
Act of 1999 (s. 403.067, F. S.), which directs 
the Department of Environmental Protection 
(DEP) to scientifically evaluate the quality of 
Florida’s surface waters and promote the 
mechanisms necessary to clean up pollution. 
The Act was created specifically to implement 
the federal Total Maximum Daily Load 
(TMDL) program, which is a systematic 
approach to establishing how much pollution 
water bodies can assimilate while still meeting 
public uses and quality standards. DEP is 
working closely with Florida stakeholders to set 
numeric limits on the amount of nutrients 
(nitrogen and/or phosphorus) that can be 
discharged into the state’s estuarine and coastal 
waterways to better protect these waters from 
the adverse effects of excess nutrient 
enrichment. The established limits, if attained, 
ensure that the designated uses of Florida’s 
marine waters are maintained.  


The primary purpose of numeric nutrient 
criteria is to protect healthy well-balanced 
natural populations of flora and fauna from the 
effects of excess nutrient enrichment. 
Implementation of these criteria can prevent 
over-enrichment from occurring, and can be 
used to identify waters impaired by nutrients in 
need of restoration. The criteria would also 
support full recreational use of the state’s 
marine waters.  


 


Restore Water Quality 
While Florida has some of the clearest and 
cleanest waters in the Gulf of Mexico, more than 
900 square miles of the state’s estuaries are 
deemed “impaired” from a water quality 
perspective, and therefore, not fully meeting 
their designated uses.137


 


 This is predominantly 
due to fish consumption advisories for mercury 
caused by regional and global mercury 
atmospheric deposition. In addition to 
developing a comprehensive statewide TMDL 
for mercury, Florida is especially focused on the 
issue of nutrient pollution, and has one of the 
most robust water quality protection programs in 
the country.  


In addition, surface water and ground water 
systems are closely interconnected throughout 
the state. Therefore, in addition to maintaining 
and restoring the water quality of estuaries and 
coastal waters, and the freshwater rivers and 
streams that flow into them, it is vital to protect 
the groundwater sources within aquifers. 
 
A growing Florida presents constant challenges 
in protection of water resources. The need and 
desire to increase the use of the Gulf Coast ports 
and other coastal and inland water resources, 
along with a growing population, increases 
competition for Florida’s water resources. 
Challenges include cleaning up historic 
contamination associated with coastal industrial 
areas, managing the influence on water quality 
of active ports, and addressing urbanized 
estuaries near Pensacola, Tampa, Naples, and Ft.  
Myers.  
 
One of the most visible impacts of nutrient 


(nitrogen and phosphorus) enrichment in Florida is freshwater harmful algal blooms (HABs). 
Understanding the causes of HABs and ways to mitigate them is vital to protecting the 
downstream estuaries. One of the solutions is beneficial reuse of wastewater in Florida. Although 
a large percent of Florida’s population utilizes advanced community collection and wastewater 
treatment systems leading to a significant amount of beneficial reuse, a number of coastal 
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communities utilizing septic tanks or older and inadequate collection and treatment systems, 
which do not allow beneficial reuse, still exist. 


In Florida, Gulf HABs are commonly known as red tides, which are a high concentration of 
naturally occurring, toxic, microscopic marine algae, originating in offshore waters and 
concentrating in coastal waters. Red tides can kill fish and other marine life, contaminate 
shellfish, and be dangerous to people as well. Massive blooms can also have a devastating 
impact to the tourism-based economy when fishing areas are closed and breathing becomes 
difficult for beach goers due to toxic sea spray along the coast. The exact cause and mechanism 
for this phenomenon are unknown. 


Florida’s priority actions for restoring and protecting water quality include: 


 Reduce excessive sediment, pollutant and nutrient loads in waterways by improving the 
management of urban and agricultural stormwater runoff, increasing the treatment levels 
of wastewater and encouraging their reuse, restoring inland waterways that flow to the 
Gulf, restoring canals and altered floodplains to represent more natural systems and 
promoting more sustainable adjacent land use policies.  


 Improve education and incentives related to nonpoint source pollution (agricultural, 
residential and urban) and promote local best management practices and alternatives. 


 Focus water quality and clarity improvements to best promote seagrass, oyster, and coral 
restoration. 


 Improve understanding of the sources, bioaccumulation and effects of toxic chemicals 
(such as pesticides, dioxins and PCBs), metals (such as mercury) and other environmental 
contaminants, as well as how to cycle these pollutants out of sediments and nearshore 
waters. Improve understanding of the ecological harm of increasing acidification in Gulf 
waters and identify ways to reverse this trend. 


 Continue to monitor, investigate, and possibly mitigate, and ameliorate HABs off 
Florida’s Gulf Coast.  


 Evaluate the feasibility of removing or improving control structures that are impeding 
tidal exchange to estuaries to restore more natural salinity conditions that serve as 
primary nursery areas. 


  


Replenish and Protect Living Coastal and Marine Resources 
 
Habitat loss and degradation have led to declining wildlife populations in coastal areas. These 
natural areas are critical to many species, including shorebirds, sea turtles, marine fish, beach 
mice and marine mammals. In addition, they are vital to tourism, serving as sites that many 
coastal visitors enjoy for recreation. 



http://www.myfwc.com/conservation/you-conserve/wildlife/shorebirds/�

http://www.myfwc.com/conservation/you-conserve/wildlife/sea-turtles/�

http://www.myfwc.com/conservation/you-conserve/wildlife/beach-mice/�

http://www.myfwc.com/conservation/you-conserve/wildlife/beach-mice/�
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Increasing levels of disturbance in coastal areas from beach nourishment, coastal development 
and recreational activities, as well as the implications of sea-level rise, are all challenges facing 
coastal and marine fish and wildlife and other resources. An integrated approach among all 
stakeholders that focuses on fish, wildlife and habitat needs, as well as socioeconomic issues, is 
greatly needed to address activities that affect coastal and marine resources.  


Florida’s priority actions for replenishing and protecting living coastal and marine resources 
include: 


 Develop and implement management plans for conserving threatened, endangered, and 
other protected species and maintaining commercial and recreationally important species. 
Management plans should include ways to improve monitoring and research of coastal 
and marine resources; minimize adverse impacts from human activities; maintain 
sustainable native populations; and protect, restore and maintain critical habitat for listed 
fish, wildlife and plants in coastal areas. 


 Involve the public in developing initiatives to help educate citizens and communities on 
the importance of coastal wildlife conservation, shorebird protection, and sea turtle 
monitoring. 


 Develop and implement programs to balance and integrate the interests and needs of 
people living and recreating in coastal areas with the needs of fish and wildlife species 
dependent on marine and coastal habitats. 


 Develop large-scale strategies for seagrass, oyster and coral reef restoration and fish 
hatcheries and aquaculture programs for marine species propagation and enhancement. 


 Develop and implement invasive species eradication and management plans to address 
impacts to natural ecosystems within the Gulf region. 


 Develop coral propagation and post-storm and vessel grounding coral restoration plans. 


 


Enhance Community Resilience 
 


Florida’s coastal resources face substantial threat from red tides, coastal wildfires, population 
growth, development, and other natural and man-made hazards. From 1960 to 2009, 63 
major disasters were declared in the state, mostly due to hurricanes, tropical storms and 
coastal flooding.138


Florida has already taken steps to address community resiliency through projects aimed at 
post-disaster redevelopment and sea-level rise adaptation. The state has also begun 
integrating hazard mitigation and community resiliency into the local comprehensive 
planning process. However, with 80 percent of the state’s population living in coastal areas, 
additional efforts will likely be needed to protect these communities.  


 In addition, projected sea-level rise threatens to exacerbate the 
vulnerability of Florida’s at-risk coastal resources. These significant coastal resources often 
provide the first line of defense from a natural disaster and are, therefore, important to the 
overall resiliency of the state. 
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 The state’s priorities for community resiliency include: 


 Compile, review and summarize “coastal elements” of Florida’s 23 Gulf Coast counties’ 
Comprehensive Growth Management Plans for continuity and consistency in natural 
resource and community infrastructure protection to aid in Gulf restoration and 
community resiliency. 


 Incorporate projects to address natural resource protection into local coastal hazard 
mitigation plans. 


 Promote the development of Community Conservation Plans that include proven 
elements of coastal construction and conservation, emergency response and risk 
reduction, and economic development. 


 Improve knowledge of the economic value of environmental services provided by Gulf 
resources in terms of long-term community sustainability, growth and resilience. 


 Update the Spill Response Contingency Plans through a multi-disciplinary process to 
incorporate better preparation, local involvement, and updated ecological data. Promote 
wider understanding of the plans and involvement among potentially affected parties. 


 Support local efforts to develop redevelopment plans that address natural resource and 
economic protection and recovery following a disaster and that support statewide, long-
term recovery.  


 Coordinate statewide efforts to address sea-level rise, saltwater intrusion and other 
impacts from climate change for both the natural and built environment, especially 
potable water sources. 
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Louisiana 
 


[ T O  B E  A D D E D ]  
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The Grand Bay National Estuarine 
Research Reserve  
The Grand Bay National Estuarine Research Reserve 
straddles the Mississippi/Alabama state line. This 18,000-
acre reserve represents one of the largest, relatively 
undisturbed estuarine marsh/pine savanna habitats 
remaining along the northern Gulf of Mexico. Diverse 
habitats such as salt pannes, saltwater and freshwater 
marshes, bayous, oyster reefs and seagrass beds provide 
critical habitats for many of the region’s important 
commercial and recreational species of fish and migratory 
birds. These habitats serve as nursery areas as well as 
breeding and feeding grounds for shrimp, red drum, 
speckled trout, oysters, Wilson’s plovers, peregrine falcons, 
Alabama red-bellied turtles and other species of concern. 
 


Mississippi 


B A C K G R O U N D  


 
If the best things come in small packages, Mississippi’s Coast may be the diamond of the Gulf. 
The state packs a lot of natural beauty, ecological and social diversity, culture, cuisine and 
entertainment into a small area, which helps drive one of the most important economic engines in 
the state.  
 
Along the coast, Mississippi spans roughly 70 miles between the Alabama and Louisiana state 
lines. The state’s three coastal counties, Hancock, Harrison, and Jackson, have a population of 
370,722, compared to a statewide population 2,967,297.139


 
  


The tidal shoreline in this area is 
369 miles and encompasses barrier 
islands, mainland coast, bays, 
lagoons, and river shorelines.140 
Mississippi’s coastal waters also 
include 758 square miles of large 
estuaries, smaller bays and tidal 
rivers, creeks, and bayous.141


 
 


The Mississippi Coastal Plain is 
laced with scenic streams, both wild 
and lazy, from the almost 
unpronounceable Tchoutacabouffa 
River to the longest undammed river 
in the lower 48 states, the 
Pascagoula. These streams are 
typically shallow and clear 


blackwater streams, with moderate flow and wide sandbars, gradually becoming wider, deeper 
and more sluggish as they flow toward Gulf.  
 
The streams and estuaries of this area are home to a remarkable variety of plants and animals. A 
large number of threatened and endangered species are found here in what is recognized as one 
of the most biologically diverse regions in North America. The area is also known for the large 
number of amphibian, reptile and bird species, and ranks in the top 10 for endemic species of 
reptiles, amphibians, butterflies and mammals.142


 


 The beauty of the landscape and the habitats 
that make this area so popular for outdoor recreation also provide safe haven for the plants and 
animals that live there. Good water quality and protection of habitat are essential to support these 
species. 
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The Mississippi Barrier Islands 
The Mississippi Barrier Islands dangle off the mainland like a 
string of pearls in the blue-green waters of the Gulf of Mexico. 
Petit Bois, Horn, East Ship, West Ship and Cat Islands are 
mostly owned by the National Park Service and are part of the 
Gulf Islands National Seashore. Accessible only by boat and 
virtually untouched by human development, these islands are a 
great place to view nesting osprey, and they provide habitat for 
many shore birds and wildlife species, including the American 
alligator and piping plover. The islands also serve as a natural 
barrier, buffering the mainland from storms and from the 
Deepwater Horizon oil spill. These islands have had their lifeline 
of renourishing sand and sediment severed by navigation 
channels that have interrupted the natural flow of sand to these 
islands, making them prime candidates for restoration efforts.  
 


Multiple events have shaped 
the coastal environment, 
changing its topography, 
altering the bottom substrate 
of the estuaries and 
disrupting the lives of its 
residents, including humans 
and aquatic and terrestrial 
organisms. In August 1969, 
Hurricane Camille made 
landfall in Harrison County, 
devastating coastal 
Mississippi with tremendous 
economic damage and loss of 
life. This powerful storm 
eroded the offshore barrier 
islands and cut Ship Island 
into two separate islands. In addition, it increased the coast’s susceptibility to future storm 
events. This increased susceptibility manifested itself in August 2005, when Hurricane Katrina 
made landfall along the Louisiana-Mississippi state line. The accompanying storm surge 
wreaked havoc on the area, destroying homes, businesses and coastal habitat. 
 
Most recently, in April 2010, the Deepwater Horizon platform exploded, leading to the worst oil 
spill in U.S. history. The Deepwater Horizon oil spill provided an intense focus on the Gulf, and 
renewed momentum to continue the development of far-sighted strategies to improve the Gulf 
Coast’s ecosystems and economy. Mississippi Governor Haley Barbour appointed the 
Mississippi Gulf Coast Commission in August 2010, to draft a framework for a coastal 
restoration program. The Commission, comprised of leaders from government, private business, 
academia and nonprofit organizations, collaboratively produced Vision for Gulf Coast Recovery, 
Restoration and Protection, which was submitted to Secretary of the Navy Ray Mabus.  
 
Mississippi coastal shorelines have been eroding steadily over the past several thousand years, 
driven primarily by relative sea-level rise, wave action, tropical storms/hurricanes and 
disruptions in the sediment transport system. From the 1950s to the 1990s, coastal marsh in 
Mississippi declined from an estimated 67,000 acres to 58,000 acres, a loss of 9,000 acres.143


 


 The 
loss of coastal wetlands continues today at rates similar to the historical trends; however, increased 
development pressure and expected increases in sea-level rise will likely accelerate the rate of loss. 


The health and resiliency of the state’s ecosystems and the economy are tightly woven together. 
Commercial and recreational fishing, gaming, tourism, energy production, manufacturing and 
shipping provide the base of a diverse and vibrant coastal economy. Commercial fishing and 
seafood processing is a natural extension of life in this coastal area. Hundreds of fishing boats 
make their home in Mississippi ports, and the seafood they catch generates thousands of business 
opportunities.  
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Tourism is driven in part by the seafood industry, as recreational fishing opportunities bring 
many visitors to Mississippi. The Mississippi Department of Marine Resources has built 200 
acres of inshore reefs and approximately 16,000 acres of offshore reefs through its artificial reef 
program.144


 


 These reefs provide improved habitat for many bottom-dwelling species, like red 
snapper and grouper, and increase fishing opportunities for the public.  


The Mississippi Gulf Coast has become one of the top gaming destinations in the country, with 
world-class entertainment, hotels and cuisine. The success of the Mississippi Gulf Coast tourism 
industry has a direct impact on the revenues generated for the state. Tourism on the Gulf Coast 
accounts for about $1.7 billion in visitor expenditures, 32 percent of state travel and tourism tax 
revenues and 23,000 direct jobs.145


 


 The Mississippi Coast also offers attractive beaches, 
championship golf courses, museums and art galleries to complement its gaming and fishing 
industries. 


Offshore oil and gas exploration and development further boost the area’s economy. Providing 
experienced offshore workers, necessary logistical support and industrial capacity to generate 
that support are all-important sources of fuel for the coast’s economic engine.  
 
The largest cities on the Mississippi Coast are Gulfport, Biloxi and Pascagoula. The Mississippi 
State Port at Gulfport is a hub of national and international commerce. It is an economic force for 
jobs and business activity alike. The port generates more than 2,000 jobs for Mississippi 
residents, with that number projected to increase to almost 5,500 with planned improvements and 
expansion as the city undergoes a comprehensive recovery from Hurricane Katrina.146 Gulfport 
also lays claim to hosting "The World's Largest Fishing Rodeo" each Fourth of July, where 
anglers and sightseers flock each year to show off their catch and to marvel at the huge blue 
marlin, eerie king snake eel and other creatures from the deep that are brought to the scales. 
Biloxi is the home of Keesler Air Force Base, which houses the 81st Training Wing, the Air 
Force's largest Technical Training Group. The 81st Training Wing is the Air Force's computer 
and electronics training "Center of Excellence," and trains more than 40,000 students 
annually.147 Pascagoula is proud to be the home port of the largest military shipbuilder in the 
United States, having built over 70 percent of the existing U.S. Navy Fleet. This shipyard is also 
the largest private employer in the state, providing approximately 11,000 jobs for residents of the 
northern Gulf region.148


 
 


Quaint small towns, like Bay St. Louis, which sit on the western shore of the Bay of St. Louis 
and Ocean Springs located at the mouth of Biloxi Bay dot the Mississippi Coast. These small 
communities offer interesting shops, art galleries and great local restaurants featuring fresh Gulf 
seafood. They epitomize Mississippi hospitality and attract visitors from all over the world. 
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S T A T E  P R I O R I T I E S  
 
The Gulf Coast Ecosystem Restoration Task Force Strategy lays out four overarching goals. 
Mississippi’s priority actions for each goal are described below. 


 


Restore and Conserve Habitat 
 
The Gulf will continue to have destructive storms and other disasters. The State of Mississippi 
must work to reduce the damage from these events, thereby protecting lives and homes, lowering 
repair and rebuilding costs and improving the region’s ability to recover quickly following a 
disaster. In partnership with the environment, the state can build capacity to protect and restore 
the coast’s ecosystems from both natural and human-made disasters. Coastal communities can be 
better prepared for changes of all kinds by assessing risks in advance of those changes and 
making appropriate choices to mitigate harm.  
 
Mississippi’s key priorities for conserving and restoring habitat include: 
 
 Conserve and protect the state’s existing natural treasures. 


 Restore the Gulf barrier islands and wetlands, including the development of a Sediment 
Management Master Plan to effectively use dredged materials and other sediment for 
restoration projects.  


 Establish restoration and enhancement projects based on continuing investigation and 
assessment to assure the renewal and long-term sustainability of fish and shellfish 
populations and their habitats. 


 Initiate community-based efforts to increase awareness of the importance of coastal 
resources and the best management practices to support conservation and renewal of 
these invaluable assets.  


 


Restore Water Quality 
 
It is imperative that the Gulf Coast has clean surface waters, safe drinking water and safe 
seafood. Good water quality is a critical component of coastal living. Not only is clean water 
essential for the health of the plants and animals that inhabit coastal waters, but it also supports 
jobs for those involved in fishing, shipbuilding and tourism; provides recreational opportunities 
for residents and visitors alike; and supports the local cuisine and lifestyle. 
 
Nutrients, especially nitrogen and phosphorous, are an important water quality concern in the 
Gulf. The right balance of the kinds and amounts of nutrients carried into the state’s estuaries 
and coastal waters is an important factor affecting the health of Gulf estuaries and open waters. 
Adequate levels of nutrients are essential for a healthy ecosystem and to support productive 
sustainable fisheries, but excess nutrients can cause hypoxia, which is a decrease in the levels of 
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oxygen available in the water. Hypoxia can adversely impact fish and other aquatic life, and 
creates what is commonly called the “dead zone” in the Gulf. An oversupply of nutrients can 
also increase the amount of algae present and result in harmful algal blooms (HABs). These algal 
blooms, some of which are called “red tides,” can kill fish, cause skin rashes in swimmers, result 
in respiratory problems for beachgoers and render fish and shellfish unsafe to eat. When these 
blooms of algae die, they sink to the bottom and decompose—a process that consumes more 
oxygen. Reducing the excess nutrient levels in inland waters, before they reach the Gulf, is key 
to reducing the size of the “dead zone,” decreasing the extent and frequency of HABs, and 
maintaining the health of coastal waters. 
 
Important water quality priorities for the state include: 
 
 Conduct regional nutrient characterization studies to identify and evaluate strategies to 


manage nutrient levels. 


 Establish a Gulf states’ approach to develop coastal nutrient criteria and management. 


 Support the goals and actions of the Mississippi/Gulf of Mexico Watershed Nutrient Task 
Force as identified in the Gulf Hypoxia Action Plan and promote the exchange of 
information and technology between the upper and lower Mississippi River Basin states 
and organizations. 


 Develop a long-term “watershed to Gulf” monitoring program. 


 Enhance and expand offshore monitoring/observing system. 


 Maintain safe swimming beaches.  


 Learn more about waterborne, disease-causing microorganisms (pathogens) and their 
sources. Then develop and implement proactive strategies to reduce people’s exposure. 


 Reduce the effects of HABs by improving the state’s ability to detect, track, forecast and 
mitigate their movement and effects. 


 Continue to monitor the conditions of the Gulf and the safety of seafood, with testing 
protocols and results being clearly and continuously communicated to the public.  


 


Replenish and Protect Living Coastal and Marine Resources 
Measures taken must include efforts to protect and to restore the Gulf Coast’s ecosystems from 
both natural and human-made disasters. It is imperative that the knowledge, skills, energy, 
passion and relationships of individuals and groups at all levels be leveraged for the successful 
creation and implementation of the strategies to keep the Gulf Coast viable and continue its 
legacy to the state and the nation. 
 
Key priorities for protecting and replenishing coastal and marine resources in the state include: 
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 Protect and restore important habitats. 


 Develop a strategic coastal and marine spatial plan that protects critical habitats and life 
stages. 


 Enhance and improve existing long-term monitoring programs. 


 


Enhance Community Resilience 
 
The Mississippi Gulf Coast is an interdependent web of the relationships among the people, the 
economy and the environment. Mississippi’s citizens and officials have long debated, planned, 
and implemented ways to make the Gulf Coast more environmentally healthy and economically 
vibrant. The Gulf Coast people have the ideas and energy for the restoration and sustainability of 
their coastal ecosystems. It is imperative that the knowledge, skills, energy, passion and 
relationships of individuals and groups at the local level be leveraged to create and implement 
strategies to build community resilience. The power of local input is a common thread among the 
various plans, strategies and reports prepared before and since the Deepwater Horizon incident. 
Moving forward, local implementation is critical to the success of any restoration effort in the 
Gulf. 
 
The state’s priority actions for enhancing community resilience include: 
 
  Implement the remainder of Mississippi Coastal Improvements Program, including 


voluntary relocation. 


 Support Gulf of Mexico Alliance (GOMA) Resilience Actions. 


 Promote development of working waterfronts consistent with the National Oceanic and 
Atmospheric Administration’s (NOAA’s) Smart Growth Initiative. 


 Establish and enhance capacity-building programs for local governments. 


 Promote and enable locally driven solutions. 


 Enhance communication of risk and science information to promote resilience. 


 Identify and support critical research initiatives.  


 Provide uniform storm surge and wave evaluations for all Gulf Coast communities. 


 Develop a Gulf-wide sediment budget. 


 Identify actions that would help provide sustainable reductions in storm surge risks for 
high-risk populations. 
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Texas 


B A C K G R O U N D  
The Texas coastal zone includes 367 miles of Gulf shoreline and more than 3,300 miles of bay, 
estuary and lagoon shorelines. It stretches from Port Arthur, near the Louisiana state line, to 
Brownsville on the banks of the Rio Grande River. The 18 counties within the Texas coastal zone 
make up only one-tenth of the total land area of the state, yet are home to approximately six 
million residents, which represent roughly 26 percent of the state's population of 25 million.149


 


 
The coastal zone includes a complex system of barrier islands and peninsulas, with Padre Island 
being the longest undeveloped barrier island in the world. Texas also has more than 191,000 
miles of rivers and streams, seven major estuaries and about 200 major springs. Of the 12 major 
watersheds in Texas, only one does not flow to the Texas coast.  


The Texas coast is one of the most productive and ecologically distinctive shorelines in the 
world. It contains12 distinct eco-regions, covering 268,500 square miles.150 It is richly endowed 
with natural resources, including sand dunes, vast wetlands and aquatic habitats. With nearly 
two-thirds of the state’s Gulf shoreline protected in parks, wildlife refuges and natural areas off-
limits to development,151


 


 the Texas coast is a natural wonder. It is home to blue crabs, oysters, 
pelicans, plovers, shrimp, the rare whooping crane and the Kemp’s Ridley sea turtle, which nests 
only on western Gulf beaches.  


The natural beach/dune system of barrier islands and peninsulas on the Texas coast is the first 
line of defense against coastal storms, such as Hurricane Ike which caused $127 billion of 
damages, making it the second costliest U.S. hurricane between 2004 and 2010.152 Vegetated and 
un-vegetated sand dunes provide protective barriers for adjacent land and inland water against 
the erosive action of waves, winds and storm surges.153


 
  


Dunes along the Texas coast also serve as vital habitat for numerous native plants and species of 
migratory and shore birds, and provide nesting areas for several species of endangered sea 
turtles. Wetland and aquatic habitats are also essential components of the Texas estuarine and 
inland systems. These habitats include salt, brackish, intermediate and fresh marshes, estuarine 
and palustrine scrub shrubs, bottomland hardwoods, sand and mudflats, mangroves and 
seagrasses. Texas wetlands serve as nursery ground for over 95 percent of the recreational and 
commercial fish species found in the Gulf of Mexico. They provide breeding, nesting and 
feeding grounds for more than a third of all threatened and endangered animal species. They also 
provide permanent and seasonal habitat for a variety of wildlife, including 75 percent of North 
American bird species.154
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The Coastal Regions of Texas 
The Texas coast lies within three very distinct coastal regions, which differ in both climate and 
geology:  


 The humid Upper Coast extends from the Sabine River at the Louisiana state line to the vicinity of 
the mouths of the Brazos and Colorado Rivers. It is generally a sediment-starved system that has 
some of the highest erosion rates in the nation—up to 30 feet per year in some areas.155


 The less humid Middle Coast extends from the mouths of the Brazos and Colorado Rivers southward 
to the north shore of Baffin Bay. Erosion rates are lower than the Upper Coast due to more sediment 
in the system; however, wetland loss remains an important concern.  


 Between the 
1950s and 1989, subsidence and sea-level rise in the Upper Coast converted 26,400 acres of wetlands 
in the Galveston Bay system to open water and barren flats.  


 The semi-arid Lower Coast extends from the southern shore of Baffin Bay south to the Rio Grande 
delta area. While it generally has a sufficient supply of sediment, it lacks the dune vegetation to hold 
the sand dunes in place. The Lower Coast also contains the Laguna Madre of Texas, the only hyper-
saline coastal lagoon on the North American continent. The lagoon is known for its vast seagrass 
meadows, huge wintering bird populations and bountiful fishing grounds. 156


 
   


 
Roughly one-third (423 miles) of the Gulf Intracoastal Waterway (GIWW) is also located in 
Texas. The GIWW is a navigable inland waterway that stretches 1,300 miles along the Gulf 
Coast from Florida to Texas.157,158


 


 The ecosystems adjacent to the GIWW contain sand dunes, 
wetlands, seagrasses, coastal prairies, oak mottes, sand and mud flats and bay-estuary-lagoons 
that provide habitat for many wildlife and fish species.  


The GIWW is vital to the economies of Texas and the nation as a whole. It is the nation’s third 
busiest waterway and an important component of the diversified Texas transportation system. 
Fifteen percent of the nation’s freight travels the Texas GIWW each year, consisting of 
approximately 74 million tons of cargo with an estimated value of $25 billion.159,160 More than 
half of the nation’s chemical products and gasoline comes from plants along the Texas portion of 
the GIWW, and the waterway handles 90 percent of all gasoline shipped to the Lower Rio 
Grande Valley.161,162


 
  


The Texas coast is also home to four of the top 10 ports in the country (based on total cargo 
tonnage),163 including the ports of Houston, Corpus Christi, Beaumont and Texas City.164 Texas 
ports generate over $9 billion in federal tax revenue annually. The four busiest Texas ports 
handled over 485 million tons of cargo in 2009.165 Galveston Bay supports one of the largest 
metropolitan areas in the United States166 as well as the Port of Houston, which is the second 
largest port in the nation.167


 
  


The Port of Houston handles more total foreign trade and imports than any other U.S. port.168 It 
accommodated 220 million tons of cargo and 7,700 vessels in 2009.169 It provides more than 
287,000 jobs and $30 billion to the economy annually. The area is also home to the nation’s 
largest concentration of oil refineries170 as well as a chemical industry that is ranked first in the 
nation in size and production.171
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Ports and petrochemical production are only a part of the economic benefit derived from the 
Texas coast. Texas commercial fishing fleets bring in more than $150 million of fish and 
shellfish annually.172 Eighty-two percent of the shrimp in the United States come from the Gulf 
States, with Texas supplying 89.7 million pounds per year, or almost 30 percent of the U.S. total 
shrimp landings. The recreational fishing industry is another important part of the Texas coastal 
economy with saltwater sport fishing generating over $2 billion annually.173,174 The number of 
annual saltwater fishing permits increased over 7.1 percent between 2006 and 2010.175


 
  


Oyster reefs in the bay systems along the Texas coast have both ecological and commercial 
importance. They provide valuable ecological services, such as supplying habitat for other 
commercial and recreationally important finfish and shellfish species, improving water quality, 
reducing turbidity and providing shoreline protection (intertidal reefs) from storm-induced 
erosion. The annual oyster harvest is approximately 6.1 million pounds of meat worth over $11.1 
million.176


 


 Prior to Hurricane Ike in 2008, Galveston Bay was responsible for producing 
approximately 85 percent of the Texas commercial oysters. Approximately 50 percent of the 
consolidated oyster reefs (8,000 acres) in Galveston Bay were lost due to hurricane-induced 
sedimentation, resulting in a 46 percent reduction in commercial oyster landings in the season 
following the hurricane’s landfall.  


Tourists visiting the Texas coast spend more than $7.5 billion annually for beach recreation, bird 
watching, fishing and eco-tourism.177 The coast accounts for more than one-quarter of the total 
travel expenditures in Texas, making it the second most popular tourist destination in the state.178 
In 2009, Texas Gulf Coast tourism accounted for more than 27 percent of the state total of hotel 
rooms. It has consistently accounted for around 28 percent of the annual direct travel spending in 
Texas,179 which amounts to approximately $14.5 billion180 annually. Since the opening of the 
Galveston’s first cruise line terminal in 2000, more than one million people have sailed from the 
Port of Galveston on cruise ships,181 which contributed more than $1.05 billion to the Texas 
economy in 2009.182


 
  


S T A T E  P R I O R I T I E S  
The Gulf Coast Ecosystem Restoration Task Force Strategy lays out four overarching goals. 
Texas’s priority actions for each goal are described below. 


 


Restore and Conserve Habitat 
 
Erosion is one of the most critical issues facing the Texas coast. Sixty-four percent of the total 
Texas coast is eroding at an average rate of 5.9 feet per year, with some areas experiencing 
losses greater than 30 feet per year.183,184


 


 One of the primary contributors to this erosion is a lack 
of sediment in the coastal zone and shoreline currents to balance the effects of coastal storms and 
sea-level rise. 


Erosion decreases the natural resiliency of the Texas coast to weather and storm events; limits 
public beach access; impacts tourism; threatens roads, structures and property; and affects future 
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growth and development of coastal communities. Erosion has already consumed 26 miles of 
State Highway 87, which once connected Galveston to Sabine Pass.  
 
Wetland loss is another major threat to Texas habitats. An estimated 4.1 million acres of 
wetlands existed in Texas in the 1950s. Less than 3.3 million acres were present by the early 
1990s.185 During this period, estuarine wetlands declined from 165,000 acres to 130,400 acres 
along the Texas coast.186


 


 Causes of wetland loss include sea-level rise, erosion, saltwater 
intrusion, urban and rural development, nonpoint source pollution, invasive species and 
agriculture.  


The coastal prairie ecosystem in Texas is listed as critically imperiled by major conservation 
organizations. Approximately 6.5 million acres of coastal prairie existed in Texas before 
settlement occurred.187 Currently less than 1 percent of the coastal prairie remains due to land 
conversion for cattle grazing or growing crops.188


 
  


The state’s priorities for restoring and protecting habitat include: 
 
 Protect and strengthen existing dunes (increase height and stability) and create new 


dunes. 


 Restore wetlands, barrier islands/peninsulas/headlands and beaches by the beneficial use 
of dredged material. 


 Restore sediments to river delta wetlands. 


 Enhance Gulf beach monitoring and maintenance.  


 Implement conservation projects to protect coastal habitats, especially on the Middle and 
Lower coast.  


 Implement watershed-scale restoration projects that restore freshwater inflows and 
further restrict saltwater intrusion. 


 Restore, protect and enhance severely depleted oyster reefs in the Texas coastal 
ecosystems because of their ecological and commercial significance. 


 Maintain natural Gulf and bay shoreline areas for public recreation while increasing 
access and opportunities. 


 Construct protective breakwaters, especially along the entire 40-mile length of the 
GIWW along Bolivar Peninsula. 


 Adopt and implement a plan for the rapid reporting and long-term management of 
invasive species. 


 Develop public and private strategies that build broad-based support for successful and 
adaptive management, restoration, and conservation. 
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 Promote, develop, maintain, monitor and enhance natural habitats along the Texas Coast 
through restoration and acquisition. 


 


Restore Water Quality 
 
Besides being a source of beauty and wonder, Texas waters are an essential life-supporting 
resource for animals, plants and humans. Healthy aquatic ecosystems depend on careful and 
effective water management. The population of Texas is expanding rapidly, bringing incredible 
pressure to bear on all of the state’s natural resources, especially water. Protecting water quality 
and environmental flow regimes will help minimize adverse impacts to aquatic ecosystems. 
Resource managers should partner with stakeholders to develop science-based strategies 
designed to protect the aquatic ecosystems of Texas.  
 
The state’s priority actions to address water quality issues include: 
 
 Work with public and private entities to integrate planning and management of 


groundwater, spring, stream, wetland, estuarine and marine ecosystems. 


 Protect, maintain or restore appropriate watershed and hydrologic conditions to support 
healthy aquatic ecosystems. 


 Establish and maintain cooperative strategies to incorporate long-term plant, fish and 
wildlife needs in all statewide, regional and local watershed planning, management and 
permitting processes. 


 Ensure that the Texas Surface Water Quality Standards increasingly incorporate 
biological data to protect the health and productivity of Texas waters. 


 Identify in-stream flow and freshwater inflow regimes, especially for estuarine systems, 
to supply water, sediment and nutrients needed to support coastal habitats under natural 
and modified scenarios and salinity levels necessary to maintain a sound ecological 
environment. 


 Ensure environmental flow standards protect in-stream flow and freshwater inflow 
regimes that are adequate to support fish and wildlife resources. 


 Focus restoration of water quality and quantity on watersheds associated with bay 
ecosystems, including Galveston Bay, San Antonio Bay, Corpus Christi/Nueces Bay, 
Matagorda (East and West) Bay, Laguna Madre (Upper and Lower) and Aransas Bay. 


 Collaborate with Louisiana and Mexico on restoration activities for the Rio Grande River 
and Sabine Lake. 


 Increase implementation of best management practices and native buffers in watersheds. 
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 Develop and implement watershed-wide nutrient and contaminant reduction strategies. 
Evaluate and encourage agricultural, residential, industrial and commercial best 
management practices to reduce nutrient and contaminant inputs to the Gulf. 


 Reduce impacts of harmful algal blooms (HABs) by improving detection, tracking and 
forecasting ability. 


 Quantify the aerial extent of land inundated during flood events to determine the benefits 
and impacts. 


 Continue and enhance beach water quality monitoring. 


 


Replenish and Protect Living Coastal and Marine Resources 
 
The Texas coast has tremendous biodiversity. More than 457 species of fish and 343 species of 
invertebrates are found in the estuarine and marine waters of Texas. Texas currently operates 93 
state parks and natural areas, 51 wildlife management areas, and eight fish hatcheries.189,190


 


 
These comprise over 1.4 million acres that are managed in the public trust for recreation and 
conservation. As the population of Texas increases, so does land fragmentation, loss of open 
space, genetic isolation, habitat degradation and other impacts. Protecting and enhancing the 
living coastal and marine resources are critical to Texans.  


The state’s priorities to help replenish and protect its coastal and marine resources include: 
 
 Continue to enhance and expand long-term monitoring (>35 years) of dependent and 


independent fisheries data within Texas bays and Texas Territorial Seas. 


 Standardize monitoring (for success) of marsh/wetland and other restoration projects. 


 Expand submerged habitat mapping and monitoring by expanding current side-scan sonar 
mapping efforts through all Texas bay systems and Texas Territorial Seas. 


 Expand oyster habitat monitoring to include biomass components, disease, community 
parameters and commercial harvest potential. 


 Quantify and develop indicators of ecosystem health (offshore, near-shore and estuarine) 
to use in adaptive management. 


 Maintain and enhance wildlife and fisheries stocks in estuarine and marine habitats (bays, 
estuaries, natural and artificial reefs and the Gulf of Mexico). 


 Acquire additional wildlife management areas for habitat conservation, demonstration 
and public hunting. 


 Protect and assist in the recovery of threatened, endangered and high-priority species 
(e.g., marine sea turtles, terrapins, and other plant, fish and wildlife species) and their 
habitats. 
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 Develop and incorporate a coast-wide habitat interface into a routine monitoring program 
to identify potential impending large-scale losses of habitat and associated biological 
communities. 


 Create an active network/database for ongoing monitoring, restoration and research 
efforts in Texas to maximize potential leveraging of effort and funds.  


 Publish, disseminate, and promote guidelines and protocols for habitat restoration and 
management. 


 Concentrate on-the-ground conservation efforts on landscapes of high biological value, 
such as watersheds, recharge zones, wildlife corridors and migratory flyways. 


 Support conservation actions that mitigate anticipated climate change impacts to plants, 
fish and wildlife. 


 Encourage development of renewable energy projects that do not adversely affect plant, 
fish and wildlife communities. 


 Assess contaminants, bioaccumulation and diseases in fish and shellfish. 


 Promote, develop, monitor and enhance the artificial reef potential of Texas. 


 


Enhance Community Resilience 
 
Population levels within the Texas coastal zone are expected to increase by an additional 6 
million over the next 30 years.191


 


 The coastal region’s largest urban centers–such as Houston and 
Corpus Christi–are continuing to grow, and the expected population increase will place greater 
demands on the area’s economic and environmental resources.  


Some of the most destructive hurricanes in U.S. history since 1875 have struck the Texas coast. 
The densely populated upper Texas coast is the most vulnerable area. Based on historical records 
dating back to 1871, on average this area is affected by a tropical storm or hurricane every 2.62 
years. Since 1851, the upper Texas coast has received 56 percent of all tropical cyclone 
landfalls.192


 
  


However, none of the Texas coast is immune to hurricanes. Since 1953, Texas has experienced 
23 federal disasters declarations due to hurricane and tropical storm events. The destructive 
impacts from hurricanes are not confined just to the coastal zone either. As a hurricane or 
tropical storm moves inland and weakens, it can drop heavy amounts of rain, causing extreme 
flooding and extensive damage to the central areas of the state.  
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Educating Coastal Decision-Makers 
Educating coastal decision-makers on community resiliency and 
how it depends on ecosystem resiliency can be one of the most 
important steps in planning and being proactive. Through 
participation on the Gulf of Mexico Alliance (GOMA) Coastal 
Community Resilience Workgroup, Texas has helped develop 
several tools for coastal decision-makers.  
 
The Texas Storm Smart Coast Network provides information to 
coastal communities on preparing and recovering from storm 
events. A Community Resiliency Index is available for 
communities to conduct a self-assessment to develop an idea of 
how well their community might reach and maintain an 
acceptable level of functioning after a disaster or from potential 
impacts resulting from sea-level rise. 


 
Another major threat to the 
Texas coast is subsidence, 
particularly in the Galveston-
Houston vicinity, where the 
area has experienced a loss of 
elevation as much as 10 feet 
from 1906 to 2000. 
Subsidence increases coastal 
communities’ risk of 
inundation and saltwater 
intrusion from storm surge. It 
also creates and exacerbates 
shoreline erosion. In 
Galveston, local sea levels are 
rising at approximately 0.02 
feet per year.193


 


 At this rate, 
sea levels in the area could be approximately 1.75 feet higher by the year 2100. 


Priority actions for enhancing community resilience in Texas include: 
 
 Complete the development of a Coastal and Marine Spatial Plan to address the unique 


needs of Texas citizens in the planning process.  


 Increase public awareness of the potential risks of living in vulnerable coastal areas, how 
to prepare for those risks and how to interpret and adapt to future risks. 


 Complete development of the Texas Homeowners Handbook to Prepare for Coastal 
Natural Hazards, which will provide information on protecting homes and property from 
coastal hazards.  


 Continue the development of educational workshops for the public so they can learn 
more about the risks of living in a coastal environment and adapt to future risks.  


 Assist coastal communities in developing plans to prevent, adapt to and rebound from 
disasters, negative economic and social/cultural changes and chronic long-term 
ecological stressors.  


 Develop post-disaster redevelopment plans that can help guide communities to become 
more resilient as they make decisions that affect long-term recovery and redevelopment.  


 Continue developing a capacity-building program to support ecosystem resilience by 
bringing together local planners, emergency managers, floodplain managers, building 
code officials and others. 


 Coordinate and integrate coastal regional planning committees and provide technical 
support and tools to better educate communities about the natural and beneficial use of 
their coastal ecosystems.  
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Appendix C. Science to Support Gulf of 
Mexico Ecosystem Restoration  


Introduction 
The goals highlighted within the Strategy are oriented around the many components of the 
ecosystem, including the human component. Fundamental to the success of the Strategy is 
ensuring that it has a robust and defensible scientific foundation. Given the interconnected nature 
of the Gulf ecosystem, issues that relate to one goal (e.g., coastal habitats), often have direct 
bearing on other goals (e.g., living marine resources). The scientific activities highlighted in this 
Appendix – monitoring, modeling and research – overlap among many of the goals and will 
provide the knowledge and understanding needed to make and implement informed decisions. 


Science Priorities 
A long-term Gulf of Mexico monitoring program will support a variety of restoration and 
protection project alternatives and to make valid predictions to protect human life and restore the 
ecosystem. Such a program should be used to determine baseline conditions for inland 
watersheds, and estuarine, coastal, and offshore waters and be used to measure change, project 
effectiveness and support adaptive management decisions for Gulf restoration. A Gulf of Mexico 
modeling network should also be developed that increases certainty in forecasts and estimates of 
ecosystem services at a variety of stages along the restoration continuum for decision-makers 
and the public.  
 
Further, research and basic discovery is needed to improve understanding of the ecosystems that 
exist in the Gulf and how they can be sustained when the Gulf is undergoing extreme adverse 
conditions, including human and natural disasters, such as oil spills or hurricanes, and climate 
change. Focused research on human impacts, solutions, and risk is needed, as well as information 
about the economic impacts to humans and ecosystem services. There should be a strong reliance 
on basic research on such subjects as ecosystem loss, adaptability, variability, and resiliency in 
all forms.  
 
These activities will promote learning and help guide the planning, implementation, and 
evaluation of the restoration and protection efforts articulated in the goals of this Strategy, as 
well as future restoration efforts in the Gulf. As the monitoring, modeling, and research priorities 
identified below are implemented, shared learning among all stakeholders should occur over 
multiple iterations of the adaptive management process. Science is critical in the development of 
the projects, but equally critical is to determine effectiveness of restoration projects and not 
repeat mistakes or ineffective efforts. The priorities outlined here highlight preliminary needs 
supporting Gulf ecosystem restoration. Project-specific elements will be defined as restoration 
and conservation projects are developed. 







G U L F  O F  M E X I C O  R E G I O N A L  E C O S Y S T E M  R E S T O R A T I O N  S T R A T E G Y  ( P R E L I M I N A R Y )  
O C T O B E R  5 ,  2 0 1 1  


A  P  P  E  N  D  I  X  C   89 


M O N I T O R I N G  
Performance indicators are used to determine both system-wide and project level monitoring. 
Monitoring is also conducted to address decision critical uncertainties and to parameterize 
models needed to assess performance. The data acquisition needed to support monitoring and 
modeling typically exceeds the resources available to meet those needs and, thus, require 
prioritization. The following were identified as high priorities: 


Monitoring Programs  


 Collect information about existing watershed, estuarine, coastal, offshore, and habitat 
monitoring programs across the Gulf and identify gaps that should be filled to better 
support adaptive management. 


 Recommend ways to integrate these programs and fill gaps to establish  a comprehensive 
network that can provide the information necessary for managers to make informed 
decisions, adapt their actions as needed, and assure effective stewardship of Gulf 
ecosystem resources. Identify gaps in the monitoring programs that need to be filled to 
support adaptive management. 


 Utilize a hypothesis-based approach for assessment of system performance. 


 Foster data comparability, consistency, and standardization across programs, projects, 
and habitats. 


 Improve data dissemination and visualization tools to provide information to resource 
managers. 


Monitoring Variables 


 Collect high-resolution topographic, bathymetric, geodetic, and tidal data to develop and 
maintain (with frequent updates over time) bathymetry and topography high-quality 
digital elevation models for the Gulf of Mexico that reflect and quantify changes to a 
dynamic (i.e., constantly changing) land and seafloor.  


 Collect water, sediment, pollution, and nutrient loading data from a comprehensive 
network of inland stream gauges and wetland stations, as well as nearshore/offshore 
ocean observing stations that also acquire wave, current and sediment transport 
characteristics.  


 Monitor the capacity of Gulf Coast communities to plan and implement resilience 
programs, to communicate with the public, and to provide feedback to decision-makers 
and resource managers. 


The Task Force identified specific data needs by theme. These are identified in Table 1. Many of 
these variables can serve multiple goals and would be considered higher priority; however, each 
restoration project should be assessed to determine that it incorporates the monitoring elements 
required to determine project efficacy. 
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Table 1. Specific Data Acquisition Needs


 


Habitats (coastal) Habitats (inland) and 
watersheds


Living coastal and 
marine resources and 
offshore environments


Coastal communities 
(including storm 
buffers)


Sediment, nutrient, pollutant loads, and freshwater flow rates X X X X
Land:water ratios X X X X
Topography/bathymetry X X X X
Shoreline position and form and dimensions of beaches and dunes and barrier islands X X X
Erosion and accretion rates X X
Seafloor change X X
Hydrology (water surface elevation, current velocity, wave characteristics, salinity, temperature) X X X X
Meteorology X X
Air quality X X
Marsh elevation (accretion, subsidence, sediment elevation table) X X X
Relative sea level rise rates (subsidence and global sea level rise) X X X X
Geodetic vertical datum X X X


Invasive species X X
Fisheries composition/abundance/diversity/productivity/ tissue contaminants X X
Fisheries landings X X
Wildlife and living marine resources abundance/diversity and distribution (including sentinel 
species) X X X
Plant community composition/abundance/diversity/productivity X X X
Benthic macroinvertebrates or key benthic assemblages X X
Phytoplankton, harmful algae species occurrence, toxin production X X X
Zooplankton X X
Pathogens X X X
Microbial ecology X X


Water quality (nutrients, ammonia,  silica, turbidity, total suspended solids, water clarity, 
contaminants [.e.,g PAHs, PCBs],  metals, dissolved oxygen, salinity, temperature, depth, conductivity, 
secchi depth, PAR, pH, chlorophyll a, carbon) X X X
Coastal, nearshore and offshore seafloor sediment characteristics (sediment composition, bulk 
density, organic matter, Total Carbon (C), Total Nitrogen (N), Phosphorous (P), grain size, Total 
Organic Carbon (TOC), sediment toxicity) X X X


Habitat classification X X X
Aerial extent of essential habitat X X X
Aerial extent of sustainable land use X


Socioeconomic data on habitat and living marine resources X X
Social and community capacity for emergency preparedness X
Population and development in high risk or hazardous areas X
Community networking capacity X
Environmental awareness and attitudes, as well as barriers to adopting resilience practices X


SOCIO-ECONOMIC


HABITAT


CHEMICAL


BIOLOGICAL


PHYSICAL
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M O D E L I N G  
As highlighted throughout the Strategy, models can be used to modify or adjust restoration and 
protections actions, and to provide analysis and guidelines to the efficacy of different restoration 
strategies/projects (such as re-establishment or modification of freshwater flow, nutrient loads, 
suspended sediment deposition, storm buffers, barrier island restorations). Modeling is used to 
understand system processes, make predictions related to different management/restoration 
scenarios/projects, and guide monitoring. Modeling can also be utilized to address future 
uncertainties, like the effects of relative sea-level rise. The following were identified as high 
priorities: 
 


Modeling Programs  


 Document existing watershed (surface water), groundwater, estuarine, offshore, erosion, 
and habitat models across the Gulf and encourage collaboration. 


 Utilize models to modify or adjust restoration and protection actions, and to provide 
analysis and guidelines to the efficiency of different restoration strategies/projects (such 
as re-establishment of freshwater flow, nutrient loads, suspended sediment deposition, 
storm buffers, and barrier island restorations) in an adaptive management framework. 


 Promote fully coupled surface water–groundwater models linked to watershed, coastal, 
biological, ecological, and offshore models to support adaptive management strategies 
and evaluate the effects of restoration projects on the ecosystem over time.  


 


Modeling Input 


A comprehensive monitoring network with organized data management and quality 
assurance/control can provide the necessary input for models. The models can also be used to 
guide data collection and monitoring programs by evaluating the reduction in predictive 
uncertainty by the inclusion/exclusion of existing data and proposed monitoring sites (i.e., the 
“worth” of the data).  


 


Modeling Needs 


 Predictions and adaptive management 


 Employ ecosystem modeling to support planning and explore relationships between 
management actions and resource response.  


 Develop models and other decision support tools to predict the amount of water, 
sediment and nutrients needed by coastal habitats to support wetland and marine 
organisms: 


 Under realistic sea-level rise scenarios 


 Including riverine and marine sources 
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 Incorporating water quality data and hydrologic flow data 


 Develop models to predict ecosystem resilience under different stressor paradigms, 
including: 


 Climate change and sea-level rise  


 Subsidence 


 Storm intensity and frequency, associated wave action and rainfall 


 River discharge and associated sediment, nutrient and pollutant loading 


 Test models with experimental, natural and hypothetical disturbance events. 


 Identify and address critical model limitations and uncertainties including compounding 
uncertainties when linking with one or more models and/or into future years. 


 Develop uniform methodologies for including relative sea-level rise considerations into 
modeling and project planning for sustainable storm buffers including wetland 
accretion. 


 Improve models for predicting coastal response to relative sea-level rise and storm 
impacts. 


 
 Physical and biological models 


 Develop/enhance storm surge, wave and coastal erosion models that can be used in 
developing risk assessments of hurricane, storm surge and wave impacts. 
 Couple storm surge and wave modeling for hindcasting (used in Katrina), and for 


flood modeling for risk assessments 


 Develop a coherent and robust model for entire Gulf (all states). 


 Include topographic data 


 Include bathymetric data  


 Consider offshore topographic data 


• Offshore wave models (e.g., WAM) 


• Storm surge models (e.g., ADCIRC) 


• Nearshore wave models (e.g., STWAVE or UnSWAN) 
 Develop and enhance hurricane wind and pressure field models. 


 Evaluate sustainability of storm buffers and barrier islands as habitats using Coastal 
Erosion and Morphologic Evolution Models. 


 Focus Global Climate Model to address Gulf needs. 


 Develop models to understand the hydrologic regime of targeted watersheds of the Gulf 
of Mexico. Surface water–groundwater integrated models of coastal systems with 
transport included. 
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 Model impacts of hydrological restoration and protection (e.g., diversions, levee 
realignments) on diversity and/or production of living resources (e.g., vegetation, fish, 
shellfish). 


 Model impacts of habitat loss (e.g., marsh degradation) on diversity and/or production 
of living resources (e.g., vegetation, fish, shellfish). 


 


R E S E A R C H  
The influences of ecosystem variability, gaps in knowledge, and inadequate understanding of 
complex ecosystem functions and responses cause uncertainty that can greatly influence risk in 
management actions, thereby increasing the need for ecosystem research to support management 
decision-making.  
 


Research Programs  


Testing underlying assumptions of ecosystem behavior is an integral component of supporting 
research. Numerous hypotheses have been identified from previous studies conducted across the 
Gulf Coast; however, results should be focused on clearly meeting the Strategy needs. 
Supporting research should be directed at reducing scientific uncertainty to improve confidence 
in modeling and monitoring tools and ultimately management actions. Additionally, a key 
weakness that basic research must help address is simply discovering what ecosystems exist in 
the Gulf that are or may be impacted. It is essential that monitoring, modeling and research 
development activities are integrated from the initial stages of restoration and protection 
planning in order to support adaptive management decision-making.  
 


Research Needs 


Specific research needs underpinning restoration goals are described in Table 2. Addressing 
these needs would serve to support broader ecosystem-wide restoration efforts. Additional effort 
should be directed to addressing questions that inform discrete restoration projects.  
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Table 2. Research Needs to Support Restoration 


Resilience 


 Develop a shared vision of ecosystem resilience 


 Identify key determinants of resilience for estuarine, coastal wetland, forested ridges, and barrier shoreline habitats  


 Examine the relationship between ecological and human community resilience  


 Examine how land change, sediment types, anthropogenic modifications, and flood and storm damage risks can effect 
ecosystem resilience 


Natural 
Processes 


 Develop an understanding of natural processes, such as sediment transport and shoreline retreat, and the spatial variability 
of future sea-level rise  


 Quantify (spatially and temporally) relative sea-level rise (including subsidence) rates  


 Determine the relationship between shallow stratigraphy and natural processes  


 Quantify Gulf of Mexico sediment budget  


 Quantify the amount of sediment and nutrients that bypass wetlands and are discharged offshore  


 Identify those nutrient levels that are excessive and lead to negative impacts in coastal wetlands, seagrasses, fisheries, and 
contribute to harmful algal blooms and hypoxic conditions  


 Establish the key relationships between nutrients, sediment, and salinity as they relate to water clarity, optimal ecological 
function, optimal distribution of habitats and species 


 Provide a more comprehensive understanding of life histories of affected living marine resources and what habitat 
conditions are essential  


 Investigate surge/wave /vegetation interactions and the influence on geomorphologic evolution of landforms 


 Identify agricultural practices that utilize less fertilizer, water and pesticides and preserve topsoil 


 







 


A  P  P  E  N  D  I  X  C   


Risk 


 Develop a better understanding of critical landscape and geologic features (i.e., geomorphic, geologic, biological, 
physiochemical, engineered) to reduce storm risk  


 Develop a better understanding of engineering tools utilized in storm risk assessment such as storm surge models and 
coastal erosion models  


 Improve understanding of the impact of physical development on flood outcomes  


 Understand vulnerability of communities to storm surge, land loss, subsidence and sea-level rise  


 Refine risk or vulnerability indices  


 Examine approaches to communicate to coastal residents and decision-makers what puts them at risk and what they can do 
to reduce risk, and identify constraints and incentives to pursue resilient behaviors  


 Identify features that make shoreline habitats more or less vulnerable to stressors such as sea-level rise, high wave energy, 
storm surge, coastal erosion, and sediment loss  


 Establish the relationship between ecosystem restoration and community storm risk reduction 


 Identify the cultural, economic, and social impacts of relocation of people out of risky coastal areas  


Ecosystem 
Services 


 Determine processes and functions supported by Gulf coast habitats and the degree to which optimal function and provision 
of priority ecosystem services is presently occurring  


 Measure rates and processes that reflect wetland ecosystem condition and the ecosystem services they provide, and 
consider functional equivalence  


 Determine assessed value of fishing, recreation and ecosystem services that are provided to the community 


 Determine the relationship between nutrient loading and ecological function, along with the potential for:  


 Development of hypoxia and associated impacts on the benthos 


 Development of harmful algal blooms 


 Loss of seagrass meadow acreage 


 Change in fisheries productivity 


 Change in soil composition 
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Assessment 


 Identify measures and criteria to validate restoration effectiveness and thresholds that that trigger management actions 


 Identify tipping points that indicate the need for management actions to ensure functionality and sustainability  


 Develop ecological indicators for ecosystem structure and function  


 Identify research-based criteria for meeting water quality standards  


 Identify most efficient paths for various community types to improve resilience  


Restoration 
and 
Hydrologic 
Modification 


 Examine impacts of upstream hydrological modification and varying freshwater flow on estuarine vitality  


 Identify optimal water timing, quality and quantity to support sustainable ecosystem habitats 


 Determine relationship between varying scales of river diversion and ecological function and resilience of wetlands  


 Examine function and resilience of emergent wetlands and barrier shorelines that have been restored by sediment 
augmentation  


 Examine how upstream reservoir and dam management practices impact delivery of sediment and freshwater to coastal 
ecosystems  


 Identify storm buffering consequences of common coastal engineering projects  


 Identify the optimal size of natural buffers for water filtration  


 Examine ecological function and resilience of other habitat restoration efforts such as oyster reefs, coral reefs, vegetative 
plantings, and submerged aquatic vegetation (SAV) 


Climate 
 Develop uniform methodologies for including relative sea-level rise considerations into modeling and project planning 


 Develop uniform methodologies for including climate change-induced variations in precipitation, evapotranspiration, and 
changes in storm intensity and frequency into future planning decisions.  
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Statement of DEEP Commissioner Daniel C. Esty on  


EPA’s Proposed Carbon Pollution Standards 


 
Commissioner Daniel C. Esty of the Connecticut Department of Energy and Environmental 


Protection (DEEP) today issued the following statement concerning the Environmental 


Protection Agency (EPA) release of  first-ever national standards to cover greenhouse gas 


(GHG) emissions from new fossil fuel fired power plants (also known as New Source 


Performance Standard)s:   
 


“EPA took an important step forward  today in proposing standards for new fossil fuel power plants that will 


control greenhouse gas (GHG) emissions linked to climate change.   While Connecticut already participates 


in a program to limit these emissions, I am confident EPA’s requirements for new power plants can 


successfully co-exist with our program – the Regional Greenhouse Gas Initiative.”   


 


“EPA’s proposed standards are both  reasonable and achievable.  These standards will help move 


Connecticut and the entire nation to a cleaner, cheaper and more reliable energy future.”  


 


“Until such time that Congress adopts comprehensive climate legislation, it is critical for Connecticut and 


other states – with the support of EPA – to play a strong role in addressing climate change.  Our approach 


must be guided by common sense, so that we can achieve the critical goals of protecting our environment, 


promoting affordable renewable energy and growing our economy.”   


 


 







 


 


 





