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EXECUTIVE SUMMARY

he Ohio River Basin covers a region of

204,000 square miles, consisting of the

ancestral and historical homelands of
over 40 federally recognized Tribal Nations and
encompassing portions of 14 states. The waters
of the basin supply drinking water to more than
30 million people, and they are the foundation
of the region’s economy and culture. The Ohio
River and the many local rivers, lakes, streams,
and wetlands throughout the region face serious
threats, from sewage contamination to toxic
pollution. The good news is that there are
manageable solutions to protect the region’s
drinking water, public health, jobs, and quality
of life.

This report recognizes the numerous environ-
mental improvements in Ohio River Basin
states, including Alabama, Georgia, Kentucky,
Illinois, Indiana, Maryland, Mississippi, New
York, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, West Virginia, as well as
those of the Tribal Nations currently within the
basin —the Eastern Band of Cherokee Indians
and the Seneca Nation of Indians. The report
also calls attention to existing and emerging
threats that command a basin-wide, collaborative
effort to ensure safe drinking water, healthy
ecosystems, and vibrant economies across the
region. Additionally, the report calls for a
partnership between the federal government,
Tribal Nations, and states to implement
targeted, strategic investments modeled after
other successful regional programs throughout
the nation.

The report draws from the expertise of a diverse
technical committee, including local, state,
Tribal, and regional agencies, academic
institutions, industry, and non-governmental
organizations, along with input from residents

in the region who participated in community
input sessions. Further, these efforts included
coordination and input with federally
recognized Tribes to honor Tribal sovereignty
and elevate Indigenous stewardship in the final
recommendations and investment priorities of
this plan.

This plan provides a scientifically grounded
assessment of the threats to local waters across
the Ohio River Basin and manageable solutions
to ensure that every community has access to
clean, safe, and affordable drinking water;
sanitation services; and amenities stemming
from restored waters, including recreational
opportunities, jobs, and economic development.

The plan seeks to address several threats to
local waters including inadequate water infra-
structure, toxic pollution, nonpoint source
pollution, mining issues, hydrologic modification,
loss of habitat, invasive species, and extreme
weather and flooding.

To meet these challenges, the plan recommends
four categories of action:

« increased federal investment in proven
restoration programs;

- increased monitoring and research to guide
future actions;

« increased coordination across the region to
manage ecosystems holistically; and,

» increased technical assistance to ensure local
communities can benefit from restoration
actions.

The plan supports manageable solutions for

cleaning up pollution, reducing runoff, restoring
wildlife habitat, modernizing water infrastructure,
mitigating the impacts of floods and the prevention
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of non-native, invasive species. Further, locally environmental harm. This effort presents a joint

driven clean water priorities anchor the plan to focus on public health and environmental health,
ensure local workforce development and to help both of which are necessary to drive economic
communities most impacted by pollution and growth.
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SECTION 1: INTRODUCTION

he Ohio River Basin (the basin) is a vast

network of rivers, streams, and wetlands

stretching across the ancestral and
historical homelands of over 40 Tribal Nations
and parts of 14 states, including Alabama,
Georgia, Kentucky, Illinois, Indiana, Maryland,
Mississippi, New York, North Carolina, Ohio,
Pennsylvania, Tennessee, Virginia, and West
Virginia. The Tribal Nations of the Eastern
Band of Cherokee Indians and the Seneca
Nation of Indians still reside within the basin
while many Tribal Nations historically,
forcefully removed from the region seek to
reconnect. More than 30 million people reside in
the 204,000-square-mile basin and rely on its
waters for their drinking water, health and
safety, economic prosperity, and recreational
opportunities. These interconnected waters
define the region culturally and economically.
Despite its importance as a resource for the
millions of people who rely on it, the Ohio River
Basin has historically faced challenges related
to water quality, pollution, and other
environmental harms.

The region has a history of recognizing both the
importance and the responsibility of the Ohio
River as a shared resource. The Ohio River
Valley Water Sanitation Commission (ORSANCO)
was established in 1948 to control and abate
pollution in the Ohio River Basin. The interstate
commission representing eight states and the
federal government was seen as the first
significant intergovernmental effort in the
world focused on improving water quality (Boyd
Keenan (2010).!

State environmental and resource protection
agencies collaborate with ORSANCO and also
administer state-based programs to halt pollution,
restore ecosystem health, and improve water
quality. These efforts are working, and progress
is being made. The issue in the Ohio River Basin
is that the scale of water quality challenges is
outpacing the ability of local communities and
states individually or collectively to address
them for a region of more than 30 million people.

While the region has undergone numerous
environmental improvements in recent decades,
serious problems remain, including persistent
legacy contaminants, sewage contamination, farm
and urban runoff, invasive species, and flooding—
all of which can foul drinking water, threaten
public health, limit recreational opportunities,
and harm local economies. Further, emerging
threats from new classes of chemicals and plastics
pose threats to drinking water and human health
nationally. If unaddressed, these challenges will
get worse and more expensive to solve.

The good news is that there are manageable
solutions to these challenges. Over the last
several decades, the federal government has
worked to restore and protect the nation’s large,
multi-state water habitats through targeted,
strategic investments. Across the U.S. there are
many examples of how these regional initiatives
to restore and protect the Great Lakes, Chesapeake
Bay, Everglades, Puget Sound, and other great
waters have resulted in ecosystem recovery
followed by economic investments and growth.

These successful partnerships between the
federal government and states provide a strong

1 “Anecopolitical system of global significance”, in Robert L. Reid, ed., Always a River: The Ohio River and the American
Experience, 2nd Edition, Bloomington, IN, Indiana University Press, page 215.
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precedent in accelerating progress in large
landscape conservation initiatives. These efforts
have proven immensely popular with communities
and have attracted strong bipartisan support in
Congress. The federal government’s ability to
bring the resources to bear to impact conservation
efforts across multiple states and Tribal Nations;
to provide a bird’s-eye view across vast regions
to evaluate, prioritize, and manage restoration
priorities on landscape scale; to convene diverse
stakeholders within a region; and, to lean on its
successful track record in other parts of the
country in managing large landscape-scale
restoration efforts all contribute to the success
of such programs — programs that can benefit
the Ohio River Basin as well.

To date, there has been no regional initiative or
targeted funding for the Ohio River Basin to
meet its ecological restoration needs. It is time
for the Ohio River Basin to identify the
environmental needs at the regional scale, to
restore environmental harm, benefit public
health and drive economic growth. This report
offers a roadmap to restore and protect the
waters of the Ohio River Basin. It is the result of
a broad, multi-stakeholder collaboration among
people and organizations committed to
ensuring that everyone living in the Ohio River
Basin has access to safe, clean, affordable water
and all the benefits that come with it.

This report draws from the expertise of a broad
set of stakeholders, including residents in the
region who participated in community input
sessions in 2022 and 2023. Key themes and
recommendations from those listening sessions
are contained in a 2024 report, Community
Priorities for Ohio River Basin Restoration and
Protection (2024), which is referred to
throughout this document.

Healthy Waters, Healthy Communities, Healthy
Economies: A Collaborative Plan to Restore and
Protect the Waters of the Ohio River Basin (the
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plan/this plan) harnesses the region’s collective
pride, determination, expertise, and
entrepreneurial spirit to establish a coordinated,
collaborative, and strategic path forward for the
people connected to the Ohio River Basin now
and in the future.

1.1 GETTING TO KNOW THE OHIO
RIVER BASIN

To truly understand the Ohio River Basin, it is
important to know the people, the importance
of the river and its tributaries to the communities
within the basin’s boundaries, and the challenges
these communities have faced and will continue
to face without significant, coordinated action.

THE PEOPLE

The people who live in the Ohio River Basin
have a deep connection to the Ohio River, its
tributaries, and other local waters.

The Ohio River Basin is home to over 30 million
people — over 10 percent of the entire U.S.
population (Ohio River Valley Water Sanitation
Commission, n.d.-a).

“People in small towns and urban centers alike talk
with passion and nostalgia about summer
gatherings along the banks with family and friends,
as well as water recreation, including fishing,
boating, paddling, and swimming. Many refer to
growing up along the banks of the Ohio River and
different tributaries, attending beach concerts,
volleyball games, and picnics. People acknowledge,
and in many cases embrace, the region’s industrial
and mining heritage, yet they believe that cleaner
and healthier water policies can be implemented to
protect their drinking water and their health.”

— Community Priorities for Ohio River Basin
Restoration and Protection (2024)




While connected by the Ohio River and its
tributaries, the people who live in the basin
comprise many different types of communities
with a wide range of lived experiences. The Ohio
River Basin is home to large cities, including
Charleston, West Virginia; Cincinnati and
Columbus, Ohio; Evansville, Indiana; Huntington,
West Virginia; Huntsville, Alabama; Indianapolis,
Indiana; Knoxville and Nashville, Tennessee;
Lexington and Louisville, Kentucky; and
Pittsburgh, Pennsylvania. The region also hosts
small rural communities in and around the
mainstem of the Ohio River and its tributaries
and streams.

First Nations

For thousands of years, First Nations, also
referred to as Tribal Nations, have acted as
stewards of their sovereign ancestral lands in
the Ohio River Basin. Any discussion about
creating a shared vision for the Ohio River Basin
would be incomplete without addressing the
role of Tribal Nations, who are the first
sovereigns and the first stewards of the lands
and waters of the basin. The namesake of the
Ohio River comes from the ancestors of the
Seneca Nation who recognized that the
Allegheny River and the Ohio River are
inextricably linked, referring to the Allegheny
River and its connections as Ohi:yo’, meaning
“Beautiful River” or “Good River.”

More specifically, the Ohio River Basin consists
of the ancestral and historical homelands of
over 40 federally recognized Tribal Nations.
This region had one of the largest land
dispossessions and forced removal of Tribal
Nations and Indigenous peoples in North
America. Today, only two federally recognized
Tribal Nations remain within the basin, the
Seneca Nation of Indians and the Eastern Band
of Cherokee Indians. However, many Tribal
Nations who were forcefully removed are
reconnecting or seeking to reconnect to their
ancestral homelands and waters within the

basin. As such, the United States federal
government, through its trust and treaty
responsibility to Tribal Nations, has an
obligation to protect Tribal resources which
include waters within the Ohio River Basin.

THE VALUE

The Ohio River and its tributaries are a
defining part of residents’ physical, economic,
and overall well-being.

The deep connection that people have with the
Ohio River and its tributaries stems from the
importance of the Ohio River Basin to residents’
well-being. The health of the Ohio River Basin’s
natural resources —water, land, and wildlife —
affects the health of people, local and regional
economies, and the overall quality of life for
communities. Healthy aquatic habitats filter
pollutants, prevent flooding, provide a home for
fish and wildlife, and support outdoor
recreation opportunities.

Healthy People

Upwards of 30 million people get their drinking
water from Ohio River tributaries and other
connected waters in the region. The mainstems
of the Ohio River alone provides drinking water
for more than 5 million people (Ohio River Valley
Water Sanitation Commission, n.d.-b). The Ohio
River and its tributaries are also important for
residents’ and visitors’ water-based recreational
experiences. An abundant supply of clean, fresh
water is essential for protecting the health of
everyone who lives in the Ohio River Basin.
Clean water depends on preventing pollution of
the surface and groundwater supplies in the
Ohio River Basin, cleaning up pollution and
environmental degradation, and ensuring the
infrastructure to treat wastewater and drinking
water supplies is fully functioning to meet
federal, Tribal, and state standards.

What happens on the land also affects the health
of the Ohio River Basin’s waters and its residents.
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Healthy land and ecosystems, like wetlands,
floodplains, and forests, can help protect residents
from pollution and flooding while also supporting
nature-based recreational opportunities.

Healthy Economies

The waters, ecosystems, and natural resources
of the Ohio River Basin underpin the basin’s
economy and the potential for business and job
growth. Abundant, clean water and healthy
ecosystems help attract and retain a workforce
and ensure the economic well-being of urban
and rural communities. Total freshwater
withdrawals for a variety of uses in the Ohio
River Basin were estimated to be 43,817 million
gallons per day (Mgal/day) (Ohio River Valley
Water Sanitation Commission, n.d.-b). The
largest consumptive uses of water withdrawn
from the Ohio River Basin are for thermoelectric,
domestic and public drinking water, and
industrial use (Ohio River Valley Water Sanitation
Commission, n.d.-b). The Ohio River Basin and
its waterways help support activities that affect
the economy in a variety of ways, as summarized
below.

- Transportation. Freight transportation,
including trucks, trains, airplanes, and barges,
is an interdependent network that underpins
the economy of the region —and the potential
for growth. The inland waterways system of
the Ohio River Basin, including the Tennessee
and Cumberland Rivers and other tributaries,
represents a significant investment in locks
and dams, ports, and terminals. The Ohio River
alone supports the movement of $49.5 billion
in freight (2022).2 The states within the Ohio
River Basin benefit from all inland ports,
inland waterways, and inland waterway-
dependent industries by supporting gross
state products totaling $186.1 billion, as well as

more than 1.6 million jobs. Transportation of
commodities by barge specifically in the Ohio
River Basin in 2021 resulted in rate savings of
$3.4 billion.?

Industry/manufacturing/high-tech. The
Ohio River Basin supplies abundant water to
industries that rely on it. Historically, these
have included products such as steel, chemicals,
paper, and refined petroleum. In recent years,
the region’s abundant water has attracted
high-tech firms, including semiconductor
manufacturers such as Intel and suppliers.

Agriculture. The Ohio River Basin is home to
avariety of agricultural activities. Approximately
35 percent of the land in the Ohio River Basin is
considered agricultural land. Of the agricultural
land in the basin, 34.9 million acres is cropland
(accounting for 9 percent of the total cropland
in the United States) and 9.3 million acres is
pasture/rangeland (2 percent of the U.S. total)
(National Agricultural Statistics Service, 2019).
As of 2017, the Ohio River Basin was home to

8 percent of the nation’s dairy and beef cattle,
9 percent of the nation’s pigs, and 11 percent of
the nation’s chickens (National Agricultural
Statistics Service, 2019). The region also contains
14 percent of the nation’s horses (National
Agricultural Statistics Service, 2019).
Agricultural-based operations depend on
access to clean water, as well as healthy soils.

Electricity production. There are 38 power-
generating facilities along the Ohio River (U.S.
Army Corps of Engineers, Louisville District
et al., 2020). Thermoelectric and hydroelectric
production, as well as natural gas extraction,
depend heavily on the basin’s abundant water.
Electricity generated by thermoelectric and
hydroelectric plants in five basin states (Ohio,
Kentucky, Indiana, Pennsylvania, West Virginia,

2 U.S. Army Corps of Engineers, Center of Expertise for Inland Navigation, Justin Carlson email 21 August 2024.

3 U.S.Army Corps of Engineers, Center of Expertise for Inland Navigation, Justin Carlson email 21 August 2024.
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Figure 1. Distressed community scores by zip code in the Ohio River Basin
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The Ohio River Basin contains 14,365,967 people living in counties considered distressed or at
risk, according to data from the Economic Innovation Group. Darker colored areas are more
distressed. Graphic courtesy of Christina Lee Brown Environment Institute / Ohio River Way.

and Tennessee) provided power to consumers
for an average of $0.088 per kilowatt-hour
(kWh) during a time when the national average
cost to consumers was $0.119/kWh (Drum et
al., 2017). The electricity production from
thermoelectric and hydroelectric power plants
along the river relies on the basin’s waterways
to transport coal by barge (U.S. Army Corps of
Engineers, Louisville District et al., 2020).
Adequate and affordable electricity provides a
competitive advantage for businesses and
industries in the Ohio River Basin.

Recreation and tourism. For the five states
with the most significant area in the Ohio
River Basin (Kentucky, West Virginia, Indiana,

Tennessee, and Ohio), statewide outdoor
recreation provides more than a half million
jobs and more than $55 billion in value added
to the economy in 2023 (Bureau of Economic
Analysis, 2024). Furthermore, for Tribal
Nations such as the Eastern Band of Cherokee
Indians, outdoor recreation such as camping
and fishing on the Oconaluftee River and
other tributaries contribute significantly to
the Tribal economy. Other states with a
smaller basin footprint also have substantial
economic benefits from outdoor recreation,
such as Pennsylvania Wilds centered on the
Allegheny River promoting local
entrepreneurship.
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» Research and education. The Ohio River
basin is home to world-class colleges and
research universities that provide essential
information to better understand challenges
to Ohio River Basin water resources and
solutions to sustainably manage them. The
basin includes at least 185 research institutes
and 285 colleges, universities and trade
schools (ORBA, unpublished). This is
supplemented by numerous non-profit
organizations —such as the Foundation for
Ohio River Education, RiverWorks Discovery,
Ohio River Foundation, Cumberland River
Compact —and myriad federal, state, and
local parks and nature education centers.

Healthy Wildlife, Biodiversity

The 204,000 square-mile Ohio River Basin is a
nationally and globally significant freshwater
aquatic habitat. The Basin contains portions of
at least 16 distinct ecoregions, which support a
large diversity of fish and wildlife. The region
has over 350 species of fish, including
smallmouth bass, paddle fish, spotted darter,
and lake sturgeon, and over 120 species of native
mussels. These species represent nearly half of
native freshwater fish species and over a third of
freshwater mussel species found in the United
States. Further, many bird species rely on Basin
habitats during migration or seasonal nesting.

Diverse habitats found within the Ohio River
Basin —the Tennessee River and Cumberland
River sub-basins are two of the richest ecological
regions in the nation — support abundant
outdoor recreation opportunities for people,
including fishing, camping, paddling, hunting,
hiking, and wildlife-viewing. These activities
contribute to the $55.7 billion outdoor recreation
economy in the five states constituting the
largest portion of the Basin (Indiana, Kentucky,
Ohio, Tennessee, and West Virginia) (Bureau of
Economic Analysis, 2024).
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“Community members had concerns regarding
sewage contamination resulting from poor
wastewater management, lead pipes leading into
people’s homes, as well as drinking water utilities
that may not be able to treat drinking water for
new or more potent toxic chemicals (such as PFAS
chemicals).” — Community Priorities for Ohio
River Basin Restoration and Protection (2024)

Healthy Quality of Life

In addition to human health and economic
import, other factors including recreation and
leisure, infrastructure and services, housing,
and civic engagement all play a role in Ohio
River Basin residents’ quality of life. Access to
the river and recreational infrastructure provide
residents with an opportunity to connect with
the Ohio River and its tributaries, wildlife, and
habitat; enjoy cultural resources; and connect
with each other. Many riverfront communities
within the Ohio River Basin are making local
investments to improve river access and
recreational infrastructure. In Ohio, the recently
announced Wonderful Waterfronts Initiative is
bringing over $150 million in investments to
communities in 12 counties in the Ohio River
Basin to expand access to local waterways,
revitalize historic riverfront downtowns, and
create new tourism and recreational opportunities
(Office of Ohio Governor Mike DeWine, 2024).
These investments pay dividends by improving
quality of life for residents and generating
tourism. For example, Louisville Waterfront
Park hosts about 150 events per year, attracts 2.2
million people annually, and generates more
than $40 million annually in economic impact
for the Louisville region (IQS Research, 2018).

THE CHALLENGES

The Ohio River Basin faces serious threats to
its land, water, and wildlife — all of which
create interconnected challenges that threaten



the well-being of residents and their
communities.

Section 2 of this Plan outlines the myriad
challenges in the Basin describing the issues
affecting the health of its people, environment
and economy. These issues are complex, inter-
connected, and vast. For example, of the 204,325
stream miles in the Ohio River Basin assessed
by state agencies, more than 69 percent do not
meet state water quality standards due to a
variety of pollutants, including bacteria, nutrients,
and sediment. Stream remediation and restoration
projects are necessary for these streams to
become healthy once again. Of the 963,043 lake
acres in the Ohio River Basin assessed by state
agencies, 64 percent do not meet state water
quality standards due to pollutants, including
mercury, polychlorinated biphenyls (PCBs), and
nutrients.

“People understand that the region’s history is
rooted in industry, mining, and manufacturing
and that those businesses have been responsible
for pollution. People cite many concerns: mine
waste leading to acid mine drainage, chemical
spills such as the 2014 Elk River spill in West
Virginia, and toxic pollution like widespread
PFAS contamination in drinking water.” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)

Pollutant loading, legacy impacts from industry,
habitat modification and loss all contribute to a
region compromising its own health and potential
for a vibrant future. These issues, along with
changing weather patterns and trends, and aging
infrastructure, all lead to disproportionate
impacts to the people of the region. Some
communities are experiencing disproportionate
impacts. The time is now to come together with
a vision for a shared future that serves to

10

support community health, environmental
integrity and a robust economy. While describing
the challenges facing the Ohio River Basin,
Section 2 presents specific recommendations for
a path forward.

“People see flooding everywhere. One resident in

West Virginia discussed how he and his friends
monitor the river gauges during storms, and once
water levels pass a certain threshold, they start
bringing furniture and other belongings up from
their basements to protect them.” — Community
Priorities for Ohio River Basin Restoration and
Protection (2024)

Helping Vulnerable Communities:
Ecosystem Health Can Contribute to
Community Health

Pollution and environmental harm affect some
people and communities more than others,
leading to a host of health and economic
disparities. Some residents live close to one of
the 146 toxic Superfund sites in the Ohio River
Basin. Some residents live in neighborhoods
that flood frequently or near waterways with
outfalls of untreated sewage overflows during
heavy rainstorms. Other residents do not have
reliable access to clean drinking water.

Importantly, many communities bearing the
brunt of water pollution often face other
environmental challenges, such as poor air
quality, which create compounding health
impacts. A 2024 study examining health
disparities from air pollution found that the
Ohio River Valley had some of the highest
mortality rates in the country, with Ohio River
Basin cities Evansville, Indiana; Mansfield,
Ohio; Weirton, West Virginia; and Kokomo,
Indiana, included in the list of the top 10 cities
with highest rates of mortality (Kerr et al.,
2024).
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It is important to note that communities hit
hardest by pollution and environmental harm
are often grappling with a host of other societal
challenges, such as high unemployment, poverty,
lack of education, drug addiction, lack of access
to transportation, and home insecurity. The
Ohio River Basin contains many rural and
urban communities that are economically
distressed or at-risk, according to the Economic
Innovation Group, which studies economic
disparities nationally. In the Ohio River Basin
14,365,967 people — approximately 50 percent of
the entire basin —live in counties considered
distressed (6,946,085) or at risk (7,419,882).
Residents who live in distressed or at-risk
communities have shorter life expectancies,
higher incidences of heart disease, diabetes,
and mental distress; and more drug-related
deaths than people who reside in more
prosperous communities.

In a similar vein, some communities are more
susceptible to public health emergencies,
natural disasters (such as flooding), and
human-made disasters (such as chemical spills),
according to the Centers for Disease Control and
Prevention.* The Ohio River Basin contains
many communities that are increasingly
vulnerable to such emergencies, as indicated by
the Centers for Disease Control and Agency for
Toxic Substances and Disease Registry Social
Vulnerability Index, a tool to help public officials
prevent further harm to at-risk populations.

Acknowledging the economic, health, and
educational disparities in the Ohio River Basin —
and the associated risks and impacts —is
important in a regional geographic ecosystem
restoration program because 1) vulnerable
communities tend to face disproportionate
environmental harm; 2) actions to restore

and protect water resources can be targeted to

4 https://www.atsdr.cdc.gov/place-health/php/svi/index.htm
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the communities most affected by pollution
and environmental harm to avoid placing
additional burdens on affected communities;
and 3) restoration investments can play a role in
alleviating the economic disparities underlying
and exacerbating other societal challenges by
providing job training, workforce development,
and job opportunities to local residents.
Environmental restoration can therefore go
hand in hand with economic restoration, and,
ultimately, community restoration, leading to
more communities that are not only healthier
and safer, but also more prosperous, happy, and
successful.

1.2 THE REGIONAL COLLABORATION
PLANNING PROCESS

Healthy Waters, Healthy Communities, Healthy
Economies: A Collaborative Plan to Restore and
Protect the Waters of the Ohio River Basin is
intended to provide a coordinated, collaborative,
and strategic path to address pollution and
environmental harm for the people of the Ohio
River Basin.

WHY NOW?

The people of the Ohio River Basin need and
deserve a cohesive, sustained approach and
commitment to addressing and preventing
pollution and environmental harm. There is an
urgent need for collaboration and consensus-
based solutions to restore and protect the Ohio
River Basin. Without it, the human toll of the
basin’s challenges will continue to grow,
particularly for residents who disproportionately
experience harm.

In addition to ORSANCO and its primary focus
on the Ohio River mainstem, all 14 basin states
have programs to address many of the basin’s
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challenges. Two Tribal Nations within the basin
also have water quality monitoring programs.
However, these programs are not designed or
intended to tackle the Ohio River Basin’s
problems at a basinwide scale. It will take a
coordinated and collaborative approach from
local, state, and federal governments to tackle
the many threats to the region’s waters and
ecosystems. Examples of basinwide approaches
to restoration and protection, with investments
proportionate to needs, have proven successful,
as demonstrated in the Great Lakes, Chesapeake
Bay, Gulf of Mexico, and national estuary
programs. Those great waters, and others across
the country, receive millions of dollars every
year from the U.S. government to address
serious environmental threats. Those
investments, which supplement state conservation
efforts, have helped local communities address
long-standing environmental challenges. These
successful cooperative conservation partnerships
have been a game-changer in other parts of the
country and can help communities in the Ohio
River Basin as well. The need in the Ohio River
Basin is great. To update, fix, and modernize the
drinking water, wastewater, and stormwater
infrastructure for communities in the basin, it
will cost approximately $109 billion, according
to EPA data that is provided by the states. This
figure does not include other pressing
environmental challenges discussed in this
report, including toxic pollution cleanup, acid
mine drainage remediation, habitat loss, runoff,
and other threats.

WHO WAS INVOLVED?

The Ohio River Basin Alliance (ORBA) and the
National Wildlife Federation (NWF) have led the
basinwide collaborative development of the
Ohio River Basin Ecosystem Restoration and
Protection Plan with input from the Ohio River
Valley Water Sanitation Commission (ORSANCO).
This plan is rooted in years of ongoing collaboration
among partner organizations throughout the
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basin and reflects recent collaborative efforts.

In 2020, ORBA worked in partnership with
ORSANCO and the U.S. Army Corps of Engineers
(USACE) to develop the Plan for the Ohio River
Basin—2020-2025 (U.S. Army Corps of Engineers,
Louisville District et al., 2020). Through the
2020-2025 Plan, partners established an initial
basinwide vision to benefit the region’s
environment and economy.

The development of this restoration plan began
in 2021 as one objective of the Plan for the Ohio
River Basin — 2020-2025. The three-pronged
collaborative process involved gathering input
from technical workgroups, community listening
sessions, and Tribal coordination. Below is a
more detailed description of how individuals
contributed to each activity and how this plan
reflects their input.

Technical committees. Nine technical
committees researched information and drafted
report sections focused on specific basin
challenges. Workgroup members represent a
wide array of organizations and expertise from
within the Ohio River Basin, including colleges
and universities, businesses, nongovernmental
organizations, state and federal agencies, and
utilities.

Community engagement. A top priority for
ORBA, ORSANCO, and NWF is to ensure that
the final Healthy Waters, Healthy Communities,
Healthy Economies Plan is community driven
and encompasses the clean water priorities of
both rural and urban communities in the region.
NWF hosted 31 in-person and virtual community
listening sessions that involved more than 535
residents throughout the Ohio River Basin
between June 2022 and May 2023. NWF hosted
these sessions in collaboration with ORBA and
ORSANCO, as well as numerous community
partners. NWF captured residents’ priorities in
a 2024 report, Community Priorities for Ohio
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River Basin Restoration and Protection. This
plan highlights residents’ input and integrates
their concerns and priorities in descriptions of
challenges and potential solutions.

Tribal coordination. Essential for NWF, ORBA,
ORSANCO is ensuring that the regional
restoration and protection strategy prioritizes
the environmental, cultural, historical, and
educational priorities of federally recognized

Tribal Nations currently in the region, as well as

those with ancestral ties to the Ohio River
Basin. To date, the Ohio River Basin restoration
planning process has involved outreach,
discussion, and coordination with Tribal Nations
to honor Tribal sovereignty and to elevate
Indigenous stewardship in the final recommen-
dations and investment priorities of this plan.

Outreach is ongoing, and this internal discussion
draft of the restoration plan does not include those

important considerations and recommendations.
A stand-alone Tribal component will be
provided in the final version of this document.

WHAT ARE WE TRYING TO ACHIEVE?

This plan presents a vision for the Ohio River
Basin that builds on the vision presented in the
2020-2025 Plan, as well as on the values that
serve as underlying principles for all work to
support that vision.

The Vision

We envision the Ohio River Basin as a clean,
safe, and productive region that sustains all
residents through healthy waters, wildlife,
recreation, communities, and economies.

All people of all backgrounds in the Ohio River

Basin deserve and should have access to Federal

investments and programs to deliver:

« Adequate water infrastructure systems that
are operated, maintained, upgraded and,
when outdated, replaced. For low-income

communities that have a small tax base due to
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small population, high rates of poverty, or
both, these funding opportunities should be
available as grants rather than loans.

« Clean, safe, affordable water and water
sanitation services.

« Transparent information about their water, as
well as frequent, effective, and ongoing
communication about issues that affect their
water quality and water resources.

+ Job training and education programs to
provide the skilled workforce needed for
restoration projects, and access to the jobs
created through federal and state funding to
address clean water issues. Research,
education, and training to develop and deliver
knowledge to inform better decisions, and
those who will do the restoration.

« Clean, safe, and affordable water-based
recreational opportunities and infrastructure
for activities such as swimming, fishing,
boating, hiking, and cycling, that will inspire
care for our rivers, improve public health,
create additional investment and economic
development activity, and enhance the
long-term physical, fiscal, and social
well-being of riverfront communities.

The Values

The 2020-2025 Plan identified shared values
that served as underlying principles for all work
to achieve the vision of that plan. These same
values, reiterated below, carry forward for this
plan and provide the foundation for all
recommendations to address challenges in the
Ohio River Basin.

« Comprehensive, connected system. The
Ohio River Basin is a connected system, and
solutions should be approached from this
perspective to impact the basin as a whole.
Having a comprehensive approach that
recognizes the interconnectedness of the river
system as well as the entities working within
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the basin will provide solutions that address
the complexity of the system and the correlated
impacts of those working to improve it.

» Long-term considerations. This ecological
restoration plan strives to incorporate long-term
strategic actions that ensure that extreme
weather, resilience, and sustainability are all
prioritized and influence the preferred strategies.

- Nature-based considerations. Prioritize and
incentivize nature-based solutions to take an
innovative, environmentally sensitive approach
to problem solving.

+ Research and education. Ensure that research
and education accelerate improvement in the
Ohio River Basin, including promoting further
academic studies on extreme weather risks to
reduce uncertainty about future conditions.

« Consideration of vulnerable populations.
Prioritize the needs of communities that have
been most harmed by pollution and environ-
mental degradation.

+ Active public engagement. Elevate pride of
place in the Ohio River Basin by engaging the
public broadly with the benefits of the streams
and rivers of the basin and the services they
provide.

1.3 THE PLAN

Healthy Waters, Healthy Communities, Healthy
Economies: A Collaborative Plan to Restore and
Protect the Waters of the Ohio River Basin focuses
on 1) summarizing the challenges to achieving
the vision outlined above and 2) presenting
recommendations for moving from planning to
action. The goal of this plan is to provide a
scientifically grounded assessment of the
threats to local waters across the Ohio River
Basin and to share manageable solutions to
ensure that every community has access to
clean, safe, and affordable drinking water;
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sanitation services; and amenities stemming
from restored waters, including recreational
opportunities, jobs, and economic development.

Section 2: Challenges to Achieving the Vision.

This section of the plan summarizes nine key

challenges developed with input from the

technical workgroup. These challenges are as

follows:

« Water infrastructure

« Toxic pollution

« Nonpoint source pollution

« Mining issues

+ Hydrologic modification

- Habitat and species

« Invasive species

+ Extreme weather and flooding

+ Communities impacted by pollution and
environmental harm

Recommendations in Section 3 include four

categories of action:

» Increased federal investment in successful
restoration programs.

+ Increased monitoring and research to guide
restoration actions.

» Increased coordination across the region to
manage ecosystem holistically.

 Increased technical assistance to ensure local
communities can benefit from restoration
actions.

This plan calls for long-term, sustained funding
and action. Many of the issues described in this
plan are related to already-established local,
state and federal programs. However, the
restoration needs across the region far outweigh
what current programs can address with
existing resources and further investments are
needed for a healthier economy and
environment to benefit all in the basin.
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SECTION 2: CHALLENGES TO ACHIEVING THE

VISION

he people, water, and wildlife of the Ohio

River Basin face complex, interconnected

challenges. This section takes a deeper
dive into these challenges, highlighting where
they intersect and overlap. The technical work
groups comprised of experts on each challenge
provide a snapshot of the problem followed by a
series of recommendations. The recommendations
reflect the priorities and concerns of communities
throughout the Ohio River Basin. Because the
challenges facing the Ohio River Basin inter-
connect, so do the recommendations. Many of
the recommendations mentioned under a
particular challenge may have widespread
applicability and benefits to several other
challenges. For example, investments in green
infrastructure solutions can help to address
inadequate water infrastructure, nonpoint
source pollution, habitat and species loss,
hydrologic modification, environmental
injustices, and climate change resilience.

The authors of this report have provided cost
estimates using the best available information
to assess the investment needed to carry out the
actions and recommendations in this report.
For some sections, data are readily available; for
example, the water infrastructure numbers
referenced in this report come from Ohio River
Basin states and are reported to EPA. Other numbers
are harder to find; therefore, some sections
include no cost estimates. It is unmistakably
clear that the scale of threats to local waters
across the Ohio River Basin is vast. Current
investments are not adequate to the task. Unless
a concerted effort is undertaken —with a
commensurate increase in investments to
protect and restore local waters —many of the
serious problems outlined in this report will not
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be addressed in a timeframe that helps
communities deal with pollution that threatens
public health, curtails outdoor recreational
opportunities, and stifles job creation and local
economic growth. Manageable solutions exist
and should be used before these problems
worsen and become more expensive to solve.

While all challenges in the Ohio River Basin are
important, this section begins with the
inadequate infrastructure challenges that affect
people’s direct access to clean drinking water.
From there, the challenges move out into the
natural systems of the Ohio River Basin.
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2.1 WATER INFRASTRUCTURE

INTRODUCTION

Adequate water infrastructure — for wastewater,
drinking water and stormwater — is necessary
to properly manage sewage, provide clean water
to drink, and protect rivers and streams from
pollution. Communities in the Ohio River Basin
need funding and a workforce to construct,
operate, and maintain water infrastructure to
protect public health and private property, and
to support local economies, such as tourism. In
addition, many water utilities throughout the
basin act as essential “anchor institutions” —
place-based public entities that provide vital
services while promoting the economic and
social well-being of the surrounding community.
The operation of the Ohio River Basin’s water
systems employs many different types of water
workers in public and private sectors and supports
local economies.

THE PROBLEM

By 1966 ORSANCO’s water quality initiatives
resulted in sewage from 99 percent of communities
along the Ohio River going to treatment plants
and, by 1965, 90 percent of the 1,705 industrial
sites met minimal water quality standards
(Edward J. Cleary (1967). The ORSANCO Story:
Water Quality Management in the Ohio Valley
under an Interstate Compact. John Hopkins
Press, Baltimore Maryland.) Now, the federal
government and each state in the Ohio River
Basin administer funding and technical
assistance programs under the Clean Water Act
and the Safe Drinking Water Act. While regulatory
programs manage the discharge from wastewater
treatment plants, the infrastructure that collects
and treats the wastewater needs to be upgraded
and maintained. The same applies to the
treatment and distribution systems for public
drinking water systems. Individual communities
are responsible for building, operating, and
maintaining public water infrastructure that
will protect public health and support local
economies using ratepayer and taxpayer dollars,

16

while individual homeowners are responsible
for private wells and septic systems. Increasingly,
local communities have had to pick up more
and more of the costs to build and operate
expensive water infrastructure. According to
the U.S. Water Alliance, federal investment in
water has declined over the last 50 years —
shrinking from 63% of capital spending in 1977
to 9% in 2017. Consequently, many local
communities and states are finding it harder to
pay for expensive water projects.

Recent information collected by the U.S.
Environmental Protection Agency (EPA) helps
to quantify some of the future clean water
infrastructure project needs in the Ohio River
Basin (and across the United States). According
to data that authors of this report compiled
based on the 2022 Clean Watersheds Needs Survey,
the states of Alabama, Georgia, Kentucky,
Illinois, Indiana, Maryland, Mississippi, New
York, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, and West Virginia reported
more than $46 billion of clean water infra-
structure project needs in the Ohio River Basin
over the next 20 years. The majority of these
needs ($30 billion) is for projects at wastewater
treatment plants or in wastewater collection
systems. Although states focused on identifying
and reporting wastewater and storm sewer
infrastructure investment needs through the
survey, they also reported nearly $5 billion in
nonpoint source project needs for the Ohio River
Basin. The projects included in the survey do
not represent all the projects needed in the
basin; however, the Clean Watersheds Needs
Survey represents the most up-to-date data
available regarding project needs. The survey
accepted needs for projects as far out as 20
years; however, due to the documentation
requirements of the survey, most projects
included would need to be completed in a much
shorter time frame (e.g., five years).

HEALTHY WATERS, HEALTHY COMMUNITIES, HEALTHY ECONOMIES



Decentralized Wastewater Systems

Many households in the Ohio River Basin are
not connected to a public wastewater system
and instead have private septic systems that are
not functioning properly. A malfunctioning or
failing septic system can leach untreated sewage
into groundwater and surface water, flood yards
with sewage, and cause sewage to back up into
homes. Failing septic systems can be costly to
repair or replace. In Nearly 1 million households
are estimated to have a failing septic system in the
Ohio River Basin. More than 3,500 households
within the basin do not have any wastewater
treatment at all (i.e., their gray and blackwater
discharges are directly via pipe into an adjacent
stream). These households are also considered
low- or moderate-income.®

The cost of decentralized wastewater infra-
structure, as projected by Ohio River Basin
communities and states for the next five to 20
years, highlights the significant need. In the
Clean Watershed Needs Survey the states estimated
that nearly $4 billion is for decentralized system
replacement or repair over the next twenty years.

Centralized Wastewater Infrastructure

The region’s aging water infrastructure is in
urgent need of repair, and significant upgrades
will be necessary to maintain access to clean,
safe drinking water while preventing the release
of inadequately treated wastewater. At the same
time, the basin faces an unprecedented shortage
in the water sector workforce responsible for
maintaining and upgrading these essential
systems.

“Community members had concerns regarding
sewage contamination resulting from poor
wastewater management, lead pipes leading into
people’s homes, as well as drinking water utilities
that may not be able to treat drinking water for
new or more potent toxic chemicals (such as PFAS
chemicals). Many people desired funding for
infrastructure repair and expansion, including
the development of new water treatment plants
or in-home water purification systems.” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)

Combined sewer overflow (CSO) events are a
concern for many communities in the Ohio
River Basin. CSOs occur during heavy rain
events and result in the discharge of sewage
mixed with stormwater into water bodies. These
discharges can impact the health of people
recreating in and around rivers and streams.
According to EPA CSO program data developed
in 2021, there are more than 11,000 CSO events
annually in the Ohio River Basin that discharge
125,239 millions of gallons per year (Mgal/year).¢
Projects to separate combined sewers into
sanitary and stormwater collection systems are
ongoing, but these projects are expensive and
often cost-prohibitive to small communities.
Projected increases in extreme precipitation
events (see Section 2.9) could increase the
number of CSO events that occur in the basin.

The cost of centralized wastewater infrastructure,
as projected by Ohio River Basin communities
and states for the next five to 20 years, highlights
asignificant need. While the Clean Watershed

5 Datawere estimated from the 2021 Report to Congress on the Prevalence Throughout the U.S. of Low- and Moderate-Income
Households Without Access to a Treatment Works and the number of occupied housing units from the U.S. Census Bureau’s 2022

American Community Survey.

6 Estimated based on data collection for EPA and Integrated Compliance Information System-National Pollutant Discharge
Elimination System (ICIS-NPDES) permittee data. Analysis conducted February 28, 2024.
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Needs Survey included green infrastructure
projects that helped to reduce CSOs, those projects
were not characterized separately in the survey —
a total of nearly $8 billion of needed CSO projects
were included. States reported nearly $350 million
in needs for green infrastructure for stormwater
management.

Stormwater Infrastructure

The Ohio River Basin has large areas of urban
land use and impervious cover (see Section 2.3).
This increases the need for adequate stormwater
infrastructure (e.g., separated storm sewers,
ditches, culverts) to collect and carry flows as
well as minimize their impact. This infrastructure
can be more traditional pipes, inlets, and culverts,
or can be more nature-based (e.g., bioretention
ponds, grassed swales, rain gardens). This nature-
based infrastructure is often called green
infrastructure. Green infrastructure mimics
natural systems using vegetation and soil to
allow rain to infiltrate or be used by plants. Gray
infrastructure collects stormwater and safely
discharges it to to a receiving water or retains
the water where the rain lands to minimize
impacts.’ In separated systems, green infra-
structure can minimize localized flooding,
infiltrate groundwater, and remove pollutants
from runoff. In combined systems, it can minimize
the amount of rainwater that enters the combined
sewer, thereby minimizing sewer overflows.

States reported approximately $2 billion in needed
stormwater management projects, mainly to
repair and build storm sewers ($1.5 billion).

A changing climate has also increased the need
for adequate stormwater infrastructure that can
handle longer, bigger storms to prevent property
damage.

Drinking Water Infrastructure

Determining the overall number of water supply
systems in the Ohio River Basin is challenging
because the basin is a complex network of large
and small public systems and private wells
(Drum et al., 2017). Large municipal systems
serve major urban areas such as Pittsburgh,
Pennsylvania; Huntington, West Virginia;
Cincinnati, Ohio; and Louisville, Kentucky.
Some suburban or rural community systems
depend on well fields. Individual wells can also
serve single residences. Drinking water systems
depend on either surface or groundwater
supplies, or a combination of the two. These
systems not only supply potable water for
drinking but also meet other important water
supply demands in the Ohio River Basin,
including for industry and agriculture. Properly
functioning drinking water infrastructure is
essential to human and economic health.

Drinking water from lead service lines poses a
high risk to human health, especially for children.
Replacing lead service lines is a high priority
across the country. Locating and removing lead
service lines requires time, qualified staff, and
considerable funding. Percentages of lead service
lines for the states in the Ohio River Basin ranges
widely from 1 to 18%.

A report prepared by the Ohio University School
of Leadership and Public Services evaluated the
drinking water sources for people within 32
counties in Appalachia, OH and determined
that 34 percent are not served by a public
drinking water system. This is distinctly higher
than the 15 percent average across the Ohio
River Basin and the national average (12
percent) and could be representative of the

7 Some stormwater discharges are regulated by NPDES; however, data are not available regarding the numbers or locations of

these permittees.
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broader Applalachain region of the Basin.®

“Residents want clean drinking water to be
affordable to all residents, regardless of socio-
economic status. It is important that access is
provided to low-income communities in both
urban and rural areas.” — Community Priorities

Jfor Ohio River Basin Restoration and Protection
(2024)

According to the 2023 Drinking Water Infra-
structure Needs Survey Assessment, there are
$62.9 billion in drinking water needs in the
Ohio River Basin. This includes collection,
treatment, and lead service line identification
and replacement.’

“People understand that addressing the multitude
of environmental challenges to the region will not
be easy —and it will cost a lot of money. Many
residents understand that most federal programs
require a local financial match. There is widespread
agreement that, for many communities that have
asmall tax base due to small population, high rates
of poverty, or both, the local match can make it
difficult to access federal funds — and, in the case
of low-interest loan programs, communities can
find repayment of the loan difficult. Many residents
advocated for more federal programs to be
delivered as grants, not loans, to help communities
(especially low-income communities).” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)

Water Workforce!®

Even when funding for water infrastructure
upgrades is available, it often fails to reach those
who need it most. This can be due to a lack of
information on funding resources available, but
many small and economically disadvantaged
communities lack the administrative capacity
to complete the required paperwork for grants,
which can act as a barrier to accessing much-
needed funding (Grist, 2023).

More generally, qualified water workers who can
address the region’s significant needs are in
short supply. Roughly one-third of the water
sector workforce nationally is eligible to retire in
the next 10 years (U.S. Environmental Protection
Agency, n.d.). The sector also faces a lack of
young talent: about 10 percent of water workers
are under the age of 24, compared to 12.5 percent
of all workers nationally (Kane & Tomer, 2018,

p- 25). An aging workforce; the sector’s lack of
visibility, particularly among young people;
insufficient training for current workers; and
inadequate outreach to and recruitment of
diverse populations have contributed to a growing
employment gap for water employers. Many jobs
in the water workforce also are highly specialized
and require ongoing certification and training,
creating barriers to entry. The water workforce
shortage has implications for water quality across
the basin. Without sufficient staff capacity for
monitoring and enforcement, agencies struggle
to identify and address environmental and
public health issues.

RECOMMENDATIONS

Communities in the Ohio River Basin need
practical support to construct and maintain
water systems providing affordable services so

8 Data from 2020 presented in the USEPA Domestic Well Map indicates that 15 percent of households within the Ohio River Basin
use private domestic wells. This correlates closely with reported national averages (8-15 percent).

9 Needs by state were adjusted based on percent included within the Ohio River watershed.

10 Text box citations: (Kane & Tomer, 2018, p. 5, 2018, p. 25; U.S. Environmental Protection Agency, n.d.-f)
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that residents and local economies can thrive.
This requires both technical assistance and
funding, particularly for underserved areas
with financial challenges. The American Society
of Civil Engineers estimates that making the
required investments over 10 years to improve
the nation’s drinking water and wastewater
infrastructure could create or sustain 654,000
job-years across the country (BlueGreen
Alliance 2020). Investment in the basin should
incentivize educational institutions to create
programs that dovetail with the needs of the
water sector and provide scholarships that
support the entry of people from underserved
communities into those programs.
Recommendations are described below:

- Ensure that funds needed to address
wastewater and water infrastructure in
Ohio River Basin communities are included
in Clean Water and Drinking Water State
Revolving Fund (CWSRF and DWSRF)
budgets. The DWSREF state allocations are
based on the Drinking Water Infrastructure
Needs Survey and Assessment completed
every four years; however, the CWSRF budget
allocations are not based on the Clean
Watersheds Needs Survey. It is important to
revise the funding formula for wastewater
infrastructure to more closely align with
needs actually reported by communities in
the Ohio River Basin.

» Preserve farms, greenspaces, and other
undeveloped land through conservation
easements or through land trusts. Relatedly,
increasing the tree canopy in urban areas can
help serve as a stormwater control, while also
providing residents access to green spaces. For
example, the Pittsburgh Canopy Alliance, a
partnership of 20 organizations in the greater
Pittsburgh area, secured $9 million from the
U.S. Forest Service through the federal
Inflation Reduction Act to increase tree
canopy as a stormwater control on a
county-wide scale.
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+ Widely distribute information about
technical assistance support to receive
federal grants. Recent federal laws will
deliver over $55 billion in funding for water
initiatives for the next five years. This includes
millions of dollars in dedicated investments
for water infrastructure investment and
workforce development, with an emphasis on
providing opportunities and training for
workers from underserved communities.
Federal assistance is available directly to
communities to help communities apply for
and administer these funds to upgrade infra-
structure, connect homes to centralized
treatment, and build workforce capacity. EPA’s
Water Technical Assistance programs (WaterTA)
connect communities to opportunities to
address wastewater, drinking water, and
septic challenges.

+ Accelerate hiring, training, and retention
efforts to help educate and assist the next
generation of water workers. Prioritize the
creation of multigenerational opportunities
through targeted outreach, education, and
mentorship. Expanding earn-and-learn
initiatives such as apprenticeships and
formalized mentorship programs can benefit
both job seekers and employers. For instance,
the National Rural Water Association’s
Apprenticeship Program provides guidelines
for states to help them develop their own
apprenticeship programs in the water and
wastewater sectors. Apprentices enrolled in
the two-year program receive classroom
instruction, on-the-job training, and a certified
portable credential (National Rural Water
Association, n.d.).

- Ensure that prospective and current

employees meet ever-changing educational
and training requirements. Policymakers,
employers, educational institutions, and
workforce development organizations should
develop and promote versatile water certifications
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with clear requirements that are recognized
across multiple states and regions. The
development of new certificates can help
achieve this goal: the National Green Infra-
structure Certification Program, for example,
has created industry-specific standards and a
green infrastructure credential that is recognized
nationwide (EnviroCert International, n.d.).

Increase public visibility of and access to
careers in the water sector, particularly
among young people and underrepresented
groups. Conducting outreach programs at
local high schools and colleges can familiarize
students with the opportunities available in the
water sector. Expanded hiring policies that
provide opportunities for low-income
communities, people of color, and women are
essential to creating a sustainable, diverse
workforce. Federal programs can help
communities reach new employees while
helping reverse environmental injustices; for
example, the Environmental Career Worker
Training Program provides training for
individuals from disadvantaged communities
to find careers in environmental cleanup,
construction, and hazardous waste removal
(National Institute of Environmental Health
Sciences, n.d.). Between 1995 and 2013, the
program increased the probability of
employment by 59 percent for graduates,
resulted in $1.6 million in higher earnings for
participants, and provided instruction and job
skills for 9,605 people (National Institute of
Environmental Health Sciences, 2015).

HEALTHY WATERS, HEALTHY COMMUNITIES, HEALTHY ECONOMIES
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2.2 TOXIC POLLUTION

INTRODUCTION

The Ohio River Basin has a long history of
mining and industrial sectors contributing to
economic activity in the basin but also pollution
impacts that threaten the health of communities.
In addition to legacy pollutants left behind at
past industrial sites, the Ohio River Basin also
faces chemicals of emerging concern, such as
PFAS. Toxic chemicals can affect wildlife and
human health, which in turn can affect the
economic health of the Ohio River Basin.

“Community members are concerned about several
forms of pollution, including legacy chemicals,
such as PCBs, and toxic hot-spots, such as
Superfund sites; chemicals of emerging concern,
such as PFAS; mining pollution, such as acid mine
drainage; and industry-related pollution, such as
coal ash disposal from power plants, fracking
waste, landfills, brownfield sites, and illegal
dumping.” — Community Priorities for Ohio River
Basin Restoration and Protection (2024)

THE PROBLEM

The Ohio River Basin has experienced extensive
natural resource extraction over two centuries
including coal, oil, and natural gas. Later industrial
development in iron, steel, durable goods
manufacturing, production of chemicals
(including synthetic), glass, pottery, and timber;
electricity generation, and other activities have
contributed to the region’s growth while also
contributing both short and long-term environ-

mental impacts (Brown et al., 1996; Frost &
Mitsch, 1989).

The region has experienced significant coal
mining and use of coal in electricity generation
over the past century, practices that can lead to
acid mine drainage and release of metals and
metalloids (e.g., mercury, lead, and arsenic) and
polycyclic aromatic hydrocarbons (Masood et
al., 2020; Munawer, 2018). Inactive coal ash
impoundments at inactive facilities are not
federally regulated and leach metalloid
pollution.! Various potential contamination
paths exist in the hydraulic fracturing (fracking)
process that can result in water, soil and air
pollution. 2 Various industrial processes and
product uses can release a range of organic
compounds into the environment, including
PCBs from electrical components, dioxins and
furans (combustion byproducts), and PFAS from
firefighting foam, textile products, and other
items (Breivik et al., 2004; Favreau et al., 2017).
Pesticides are an additional important category
of (mostly) organic chemicals used in the region.
Pesticide use ranges from historic use of dichlo-
rodiphenyltrichloroethane (DDT) to ongoing use
of herbicides such as glyphosate, atrazine, and
2,4-D, as well as insecticides such as neonicotinoids
(Hayes & Hansen, 2017). Many chemicals of
concern are persistent, bioaccumulative, and
toxic (PBT). These chemicals include PCBs,
which both bioaccumulate and biomagnify, or
increase in concentrations at higher levels in
food webs (Carlson et al., 2006). The pattern of
biomagnification leads to higher exposures (and
potentially effects) in fish, birds, and mammals.

11 EPA Announces Latest Action to Protect Communities from Coal Ash Contamination Latest Proposal Would Protect Public
Health and Water Sources from Legacy Coal Ash Sites and Hold Polluters Accountable, May 17, 2023, EPA Press Office

12 Hwang, B.; Heo, J.; Lim, C.; Park, J. Environmental Implications of Shale Gas Hydraulic Fracturing: A Comprehensive Review on
Water Contamination and Seismic Activity in the United States. Water 2023, 15, 3334. https://doi.org/10.3390/w15193334 Hwang,
B.; Heo, J.; Lim, C.; Park, J. Environmental Implications of Shale Gas Hydraulic Fracturing: A Comprehensive Review on Water
Contamination and Seismic Activity in the United States. Water 2023, 15, 3334. https://doi.org/10.3390/w15193334.
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Researchers have long noted that many PBT and
other chemicals can interfere with reproductive
success in some fish, birds, and other wildlife.
PCBs, mercury, and PFAS are associated with
reduced reproduction in bald eagles, ibises, and
tree swallows, respectively (Custer et al., 2014;
Marlatt et al., 2022). In certain fish, reduced
reproduction is associated with estrogenic
chemicals discharged from wastewater treatment
plants (Marlatt et al., 2022).

Toxic chemical exposures in people can occur
through multiple routes (e.g., ingestion of fish
and drinking water, inhalation, contact via
skin). For many PBT chemicals such as PCBs,
the primary exposure route is ingestion
(particularly via fish consumption) and, in some
occupational settings, inhalation (Agency for
Toxic Substances and Disease Registry, 2000).
The chemical group PFAS has a wider range of
chemical properties and characteristics of
specific sources that can lead to a more diverse
range of exposure routes, including drinking
water (Sunderland et al., 2019).

Multiple studies have found that elevated
exposures to toxic chemicals are associated with
health impacts. These include impacts of
mercury on neurodevelopment in children (Ha
et al., 2017; Mergler et al., 2007); impacts of PCBs
on neurodevelopment in children and on
development of certain cancers and endocrine
effects in adults (Faroon & Ruiz, 2016; Hens &
Hens, 2018; Pessah et al., 2019); impacts of PFAS
on lipid levels, potentially neurodevelopment,
and development of certain cancers at higher
exposures (Sunderland et al., 2019); and impacts
of certain persistent pesticides, which are
particularly associated with cognitive impairments
and other neurotoxic effects (J. R. Richardson et
al., 2019). Some studies have found elevated
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exposures and potential health risks to
populations within the Ohio River Basin.
Multiple studies have examined impacts of the
release of PFOA from a manufacturing plant in
Parkersburg, West Virginia (through the C8
Health Project), including a study reporting
elevated exposures to PFOA among mid-Ohio
River Valley residents likely associated with
elevated levels in drinking water (Herrick et al.,
2017), and a study finding changes in reproductive
hormones and a hormone associated with growth
patterns in bones and tissues in young children
(Lopez-Espinosa et al., 2016).

The Toxics Release Inventory (TRI) is a database
maintained by EPA providing information on
toxic chemical releases and pollution prevention
activities of certain industrial and federal
facilities, including facilities in the Ohio River
Basin. In 2020, the Ohio River Basin was the
region of the United States with the largest
quantity of toxic chemical releases, with 41
million pounds total released into water bodies
via discharges from NPDES permitted facilities
(U.S. Environmental Protection Agency, 2023a).
Chemicals reported through TRI include certain
PBT chemicals, but also chemicals such as
ammonia and nitrate (U.S. Environmental
Protection Agency, n.d.-e).

There are 146 Superfund sites within the Ohio
River Basin (U.S. Environmental Protection
Agency, n.d.-c, 2024) and can be sources of
ongoing chemical exposure. Federal funding
passed through states can be used to remediate
sites as part of residential, commercial, or
industrial redevelopment (U.S. Environmental
Protection Agency, n.d.-a).

Toxic chemical releases can occur through

large-scale industrial operations, through
leachate from landfills, as well as through spills
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and accidents.”® Examples of the latter in the
Ohio River Basin include the 2023 Norfolk
Southern train derailment in East Palestine,
Ohio, as well as the 2014 spill of over 10,000
gallons of coal cleaning liquid, which was a
mixture of 4-methylcyclohexanemethanol and
stripped poly glycol phenyl ethers, into West
Virginia’s Elk River —a municipal water source
for approximately 300,000 people in
Charleston. Researchers noted limitations in the
response at the time, including in the response
needed to establish drinking water guidelines to
protect public health (Whelton et al., 2017).

The production of natural gas has increased
dramatically in the past two decades in the
United States, and the Ohio River Basin
(particularly the northern and central portions)
is currently the top-producing region of natural
gas in the United States, with most of that
production involving hydraulic fracturing
(fracking) (U.S. Department of Energy, 2020;
U.S. Energy Information Administration, 2024).
Water quality impacts to both surface and
groundwater can occur in multiple parts of the
production process, including wastewater
disposal and spills. Fracking wastewater can
include acids, salts, heavy metals, radioactive
materials, and organic compounds added to
fracturing fluid (Hwang et al., 2023; Kuwayama
et al., 2015). Wastewater can include both used
fracturing fluid as well as contaminated
naturally occurring water (produced water) that
is released with the gas. The composition of
some hydraulic fracturing fluids include PFAS.*

An assessment of toxic chemicals in fish from
2005 to 2006 found higher concentrations of
more chemicals in the Ohio River than in the
Upper Mississippi and Missouri rivers (Blocksom

et al., 2010). An ORSANCO and U.S. EPA study of
contaminants of emerging concern assessed 158
compounds including pharmaceuticals and
personal care products, hormones and sterols,
and perfluorinated compounds, which in many
cases were below minimum reporting limits
(Emery et al., 2010). A state-based review for
Virginia addressed CECs generally (including
pharmaceuticals and personal care products,
flame retardants, PFAS, and endocrine-
disrupting compounds), and noted cases where
chemicals had been detected in Virginia waters
(Xia, 2019).

In 2022, ORSANCO published a report describing
the results of a monitoring study to characterize
ambient levels of 28 PFAS compounds in Ohio
River during the summer of 2021. All 22 monitoring
locations (20 within the Ohio River and two in
tributaries) showed detections of multiple PFAS
chemicals during two separate monitoring
events; however, most were at very low levels
(below the level of quantification, or J-flag).
PFOA, hexafluoropropylene oxide dimer acid
(HFPO-DA), and perfluorobutanoic acid (PFBA)
were detected above the level of quantification
most frequently (Ohio River Valley Water
Sanitation Commaission, 2022).

Microplastics are an additional pollution group
of concern in the Ohio River Basin. Plastics
pollution in general has gained increasing
recognition as a significant threat to ecological
and human health, with risks from all aspects
of the plastics lifecycle as well as from micro-
and nanoplastics (Landrigan et al., 2023).
Several recent studies have assessed microplastic
presence in waters of the Ohio River Basin,
including a study emphasizing the Mississippi
River, which found high concentrations of
microplastics particles relative to 10 other sites

13 Eastern Research Group, Inc. Landfill Leachate PFAS Data and Results Summary from the PFAS Wastewater Characterization

Analytical Database (October 2022). DCN PFAS00845

14 https://psr.org/wp-content/uploads/2024/03/fracking-with-forever-chemicals-in-west-virginia.pdf
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during two sampling periods at one Ohio River
location (Scircle et al., 2020), as well as a study
reporting an increase in microfibers in and
downstream of Nashville, Tennessee (compared
to the upstream location), on the Cumberland
River (Said & Heard, 2020).

“People cite many concerns: mine waste leading to
acid mine drainage, chemical spills such as the
2014 EIKk River spill in West Virginia, and toxic
pollution like widespread PFAS contamination in
drinking water. Further, there is broad concern
that polluters are not doing all they can to control
harmful contaminants from getting into the
environment and that state and federal agencies
are not doing all they can to cut pollution and
enforce pollution prevention laws.” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)

More systematic monitoring of water bodies in
the Ohio River Basin for multiple pollutants is
carried out by states as part of monitoring and
reporting requirements under the Clean Water
Act. This includes listing water bodies as
“impaired” (i.e., not meeting water quality
standards) for one or more pollutants, including
biological (e.g., E. coli), chemical, and physical
(e.g., temperature) parameters. Multiple water
bodies in the Ohio River Basin are listed as
impaired for a range of toxic chemicals,
including mercury, aluminum, lead, arsenic,
PCBs, polychlorinated dibenzo-p-dioxins
(dioxins), chlordane, and PFAS (Ohio River
Valley Water Sanitation Commission, 2024).
While biological parameters such as E. coli and
impaired benthic macroinvertebrates are
common causes of stream impairments,
mercury and PCBs are the two most common
causes of lake acre impairments in the Ohio
River Basin (Ohio River Valley Water Sanitation
Commission, 2024).
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To protect against the health risks of consuming
fish that contain toxic chemicals, states and
Tribes develop fish consumption advisories. All
states in the basin, except for Mississippi, have
advisories (for individual water bodies, statewide,
or both) restricting fish consumption on streams,
rivers, and/or lakes within the basin due to
contaminants such as mercury, PCBs, certain
pesticides, dioxins, and PFAS, with the latter
two only recently being analyzed by a small
number of the basin states (ORSANCO analysis
of state fish consumption advisory data).

RECOMMENDATIONS

Efforts to adequately address human health and
ecological risks from toxic chemicals in the Ohio
River Basin through a restoration program should
build upon the extensive programs in place at
various jurisdictional levels —state, interstate
(ORSANCO), and federal. Increased support for
non-regulatory pollution prevention is needed
across all relevant programs; including
collaboration with educational institutions;
engagement with nongovernmental
organizations and the private sector (including
associations); and extensive outreach with
communities to address environmental
injustices. Recommended strategies include the
following:

« Boost investments to clean up toxic
pollution. As noted earlier, the Ohio River
Basin has many toxic sites, including
Superfund sites that have been listed for years
(or decades) and are still awaiting
remediation. New toxic sites continue to be
added to clean-up lists. The federal
government needs to substantially boost
funding for programs to accelerate clean up
and protect the health of local communities.

+ Create or update an Ohio River Basin-
specific list of priority toxic chemicals. This
list would be based on criteria including
persistence, bioaccumulative potential,
toxicity, and potential presence in the Ohio
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River Basin, while also considering
designation by other scientific and/or
authoritative bodies. This effort also includes
creating a program to support toxicological
and epidemiological studies on toxic
chemicals (including via federal efforts) that
are potential priority chemicals in the Ohio
River Basin, including chemicals with
potentially disproportionate exposures in
communities of color and low-income
communities.

- Expand support for monitoring and
research. Coordinate with existing programs
to expand efforts to integrate, support and
expand field research, monitoring, and
surveillance efforts for toxic chemicals in the
basin, including for chemicals of emerging
concern that may become priority toxic
chemicals. For example, USACE has identified
research needs related to the identification
and remediation of PFAS-contaminated sites
(U.S. Army Corps of Engineers, 2019). This
effort could include uploading and sharing
data to EPA’s Water Quality Exchange and/or
the National Water Information System from
the U.S. Geological Survey (USGS), which can
be accessed through the Water Quality Data
Portal.

- Review and update water quality criteria.
Review each state’s water quality standards
and recent Triennial Review reports to
identify recommendations on which
additional water quality criteria for priority
toxics pollutants should be developed. As
appropriate, review and fund toxicity and
epidemiological studies for priority toxic
chemicals (particularly chronic studies) to
develop aquatic, wildlife, and human health
water quality criteria recommendations.

+ Identify impairments due to toxic
chemicals. Inventory each state’s 303(d) lists
to determine which toxic chemicals are being
addressed through total maximum daily load
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(TMDL) programs. As needed, develop
guidance documents or other supporting
material for states on approaches to address
additional toxic chemicals within TMDL
programs, including the potential for regional
TMDLs for chemicals (e.g., mercury) with
more long-range sources and complex cycling.

Identify and prioritize contaminated sites.
Generate a basinwide list of sites requiring
remediation in the Ohio River Basin, including
Superfund sites, Resource Conservation and
Recovery Act hazardous waste sites, and other
individual state cleanup sites. Following a
prioritization process (including TMDLs and
environmental injustice considerations),
target initial remediation work as appropriate.
Create and maintain a regional database and
mapping tool (drawing on national sources as
appropriate) to help inform these and other
activities.

Develop a collaborative science initiative.
The initiative would include scientists and
managers from all Ohio River Basin states and
regional agencies (including ORSANCO,
USACE, EPA, and other federal and state
agencies); academia; nonprofits (including
ORBA and others); and the private sector to
manage basinwide research and monitoring
for toxic chemicals, help identify and
prioritize chemicals, identify priority
geographic areas for remediation work,
recommend research programs and projects,
coordinate as appropriate for monitoring, and
support research on extreme weather
implications for toxic chemicals.

Ensure adequate procedures are in place
for major release events. It is important that
all relevant parties be aware of spill response
procedures to follow and understand both
regulations (federal and/or state) and best
practices. Protocols should be revisited based
on spill response experiences in the region,
drawing on both expert and public input to
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ensure adequate monitoring, mitigation, and
public outreach steps are in place going forward.

Ensure adequate funds are available to
implement all regulatory programs, in
addition to existing and new pollution
prevention programs. Fully funded
permitting, compliance, and enforcement
programs will help ensure regulated facility
toxic chemical releases are being adequately
managed. Additional funding will likely be
needed for other programs (e.g., water quality
standards, TMDLs, ambient monitoring) to
address additional pollutants and/or impaired
water bodies. It is important that increased
efforts in pollution prevention, green
chemistry and engineering, and related
programs and approaches be supported as
part of a more comprehensive approach to
addressing toxic chemicals in the basin.
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2.3 NONPOINT SOURCE POLLUTION

INTRODUCTION

Nonpoint source pollution (NPS) is any pollution

that comes from a diffuse source rather than a

single, identifiable point such as a discharge

pipe from a treatment plant. NPS pollution can

come from a variety of sources, including:

« Agricultural lands, such as farm fields and
livestock facilities

» Residential areas, such as lawns and gardens

« Urban areas, such as city streets and parking
lots

 Construction sites

« Forestry

« Abandoned mines

- Marinas

The most common pollutants in NPS pollution
are sediments and nutrients (phosphorus and
nitrogen, including excess fertilizer), but it can
also include bacteria, pesticides, salts, and oils.
The type of NPS pollution that affects local
waters is driven by land use, population, climate,
soil, and topography.

Nonpoint source pollution contributes to water
quality degradation and compromises drinking
water supplies, recreation, and habitat health in
the Ohio River Basin, which in turn can affect
the health of residents and the economic
well-being of communities.

THE PROBLEM

The predominant pollutants associated with
nonpoint source runoff — sediment, nutrients,
and bacteria— can impact the Ohio River Basin
in a variety of ways.

Sediment can erode from agricultural, forested,
and urban areas, as well as directly from stream-
banks and shorelines. Sediment can have a range
of negative effects on water quality, water
infrastructure, hydrology, flooding, habitats,
and species. High levels of sediment can
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increase costs associated with water filtration
for municipal, industrial, and agricultural use.
Deposition of excess sediment on the streambed
reduces the channel’s ability to convey water
and increases flood risk. As sediment accumulates,
it can reduce water depths in navigation channels
and result in costly dredging operations
(Osterkamp et al., 1998). In reservoirs, sediment
can displace water storage capacity, which
undermines the reservoir’s intended use (Randle
et al., 2019). The accumulation of sand (and finer
particles) on gravel streambeds affects streambed
habitat quality and many aquatic wildlife
species (Collins et al., 2011; Kemp et al., 2011;
Wharton et al., 2017; Wood & Armitage, 1997).

Nonpoint sources of nutrients (both nitrogen
and phosphorus) include row crop agriculture,
animal feeding operations, and urban runoff.
Excess nutrients in water bodies feed the
growth of nuisance algae and the types of algae
capable of producing toxins harmful to people,
pets and livestock, known as harmful algal
blooms. Harmful algal blooms result in
increased costs for public water supplies for
monitoring, operations and treatment. These
costs are borne by public funding and
ratepayers. A 2015 harmful algal bloom that
spanned 650 miles of the Ohio River cost the
Huntington, West Virginia, water utility
$700,000 in additional treatment costs to the
cities drinking water (AlleghenyFront, 2016),
while the Greater Cincinnati Water Works was
reportedly spending $7,500 a day to remove the
harmful toxins from the algal outbreak
(Arenschield, 2015).

Nonpoint sources of bacteria include leaking or
poorly maintained septic systems and animal
manure, either from livestock grazing or from
fertilizer on farm fields (Buckwalter et al., 2006;
Knierim et al., 2015; Petersen et al., 2018). The
presence of any fecal bacteria in water makes it
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Figure 2. Land uses in the Ohio River Basin.
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unsafe for recreation and consumption and can
lead to gastrointestinal illness (DeFelice et al.,
2016; U.S. Environmental Protection Agency,
2001; Wallender et al., 2014).

Land Use and Nonpoint Source Pollution
Potential Contributions

Land use in the Ohio River Basin is dominated
by forested land (51 percent), agricultural land
(34 percent), and urban and other developed

land (10 percent), as shown in Figure 2."* These
land uses can contribute a wide variety of
nonpoint source pollutants, depending on how
landowners use and manage their properties.

Agricultural land in the basin is mixed between
cultivated cropland (18.6 percent of the land
area in the basin) and hay/pastureland (15.4
percent). (Dewitz & U.S. Geological Survey, 2021).

15 Land cover data based on the Multi-Resolution Land Characteristics Consortium’s National Land Cover Database (NLCD). The
NLCD data include four categories of “developed” land, which are aggregated into the “urban” category shown on the map; the
NLCD subcategories are Developed, High Intensity; Developed, Medium Intensity; Developed, Low Intensity; and Developed,
Open Space. The “Forested” category in the map represents three NLCD subcategories—Mixed Forest, Evergreen Forest, and

Deciduous Forest.
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Common Nonpoint Source Pollutants
Associated with Agricultural Land

« Sediment from soil erosion

» Pesticides and herbicides from cropland
» Nutrients from fertilizers

» Bacteria from livestock manure

(Source: EPA Nonpoint Source Pollution from
Agriculture website)

“Residents in the region are concerned about the
impacts of farm runoff on water quality, specifically,
toxic algal blooms in the Ohio River, tributaries,
and inland lakes. Several sessions delved into the
challenges in supporting sustainable farming
practices with the increasing consolidation of
farming and more industrial agriculture,
increasing management of farmland by absentee
landlords, and large agrochemical companies
who dominate seed, fertilizer, and herbicide and
pesticide distribution. Residents support farm
conservation policies that help protect soil and
water quality.” — Community Priorities for Ohio
River Basin Restoration and Protection (2024)

Animal production in the Ohio River Basin,
includes dairy and beef cattle, pigs, horses, and
chickens (National Agricultural Statistics
Service, 2019).

While agriculture is the second most prevalent
land use in the Ohio River Basin, it is a
significant source of nutrient runoff.
Landowners treat about 20 percent of the total
land area in the Ohio River Basin with
commercial fertilizer or manure for agriculture
(National Agricultural Statistics Service, 2019).
The risk of nutrient loss from the application of
fertilizer and manure increases with certain
field conditions and high rainfall events.

30

Agriculture is the source of 63 percent of the
nitrogen and 40 percent of the phosphorus
delivered to the mainstem of the Ohio River
(Robertson & Saad, 2021). Loss of nutrients from
agricultural land represents a cost to
agricultural landowners (Lawton, 2017).

The nutrients found in runoff from agriculture
contribute to local water quality issues, such as
harmful algal blooms, as well as downstream
issues, such as the hypoxia problem in the Gulf
of Mexico. Six of the Ohio River Basin states
with high percentages of agricultural land
develop and implement nutrient reduction
strategies intended to address excessive algal
growth in the Gulf of Mexico. These strategies
can also benefit local waterways through
nutrient reductions from nonpoint sources.

In addition, agriculture accounts for about 50
percent of the annual sediment yield from land
in the Ohio River Basin; approximately 64
percent of the annual yield from all land uses,
or about 55.4 million metric tons per year, is
delivered to the Ohio River mainstem
(Robertson & Saad, 2019). Loss of soil from
agricultural land also represents a cost to
agricultural producers through lost crop yield
and lost nutrients (Lawton, 2017). Climate
change will likely increase the rate of soil
erosion and associated nutrient losses over time
(Shojaeezadeh et al., 2022).

A 2017 analysis of bacteria loading into the Ohio
River Basin conducted by EPA (TetraTech, Inc. &
Ohio River Bacteria TMDL Workgroup, 2017)
found the highest levels of bacteria during
periods of moderate to high flow conditions.
Bacteria loads typically increase as they move
downstream and may persist for hundreds of
stream miles. This analysis found that
wastewater treatment plants do not appear to
have a significant impact on bacteria levels, as
most plants are in compliance with allowable
permit limits. The study did not identify
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specific sources associated with monitored
bacteria counts along the mainstem of the Ohio
River.

Managing nonpoint source pollutants from
agricultural land relies on adopting
conservation practices designed to keep
sediment, nutrients, and water on fields to
prevent overland runoff and discharge through
drain tiles. There are many types of relevant
conservation practices, including crop
management (using crop rotations and planting
cover crops during the off season), tillage
practices that minimize sediment loss, and
management of rate and timing for fertilizer
and manure application. Other structural
practices are designed to enhance absorption of
fertilizers and increase soil health by filtering
and managing rainfall.

Farm Bill program data indicate that
agricultural landowners are willing to
implement conservation practices, but a lack of
funding, technical support, or both limits
practice adoption. In 2022, in the five states
with the highest percentage of land area in the
Ohio River Basin, more than two thirds of
landowners who applied for conservation
practice funding under USDA’s Environmental
Quality Incentives Program (EQIP) did not

receive the requested funding . Between one
quarter and two thirds of those who applied
under the Conservation Stewardship Program
(CSP) in those same states were not approved for
funding. EQIP and CSP are only two of the many
Farm Bill conservation programs that help fund
practice implementation. Clearly, significant
additional funding and technical support for
applicants are needed to meet the demand for
conservation practice adoption on privately
owned agricultural lands.

The funding rates shown in Table 2 are
generally consistent with national backlogs for
conservation programs. For all agricultural
conservation programs with available data, the
Congressional Research Service reported in
2022 that interest in the programs and/or
applications for funding exceeded the program’s
resources. In fiscal year (FY) 2021,
approximately 30 percent of all EQIP
applications nationwide were awarded. An
additional 26 percent of applications
nationwide, with costs totaling $1.1 billion, were
valid but unfunded (Stubbs, 2022). In the Ohio
River Basin, there is a financial need for
nonpoint source pollution projects related to
agriculture.

Table 2. 2022 Funding Rates and Amounts Under EQIP and CSP

EQIP CSP
% awarded® $ awarded® % awarded® $ awarded"®

Indiana 32% $26.7 M 52% $14.0 M
Kentucky 25% $21.4 M 34% $4.9M
Ohio 34% $30.7M 71% $7.6 M
Tennessee 27% $26.8 M 38% $14.6 M
West Virginia 28% $12.8 M 73% $4.2M
a The percentage of applicants that were awarded contracts. Source: (Happ, 2023).
b The amount of funding awarded in fiscal year 2022. Source: (Natural Resources Conservation Service, n.d.).
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Common Nonpoint Source Pollutants
Associated with Forestry

« Sediment from road construction and
from road use and timber harvesting
near streambanks and on hillsides

(Source: EPA Nonpoint Source Pollution from Forestry
website)

The Ohio River Basin has 51 percent of land
cover in forest. Of the five states with the
highest percentage of land area in the Ohio
River Basin, the ranking of states with the most
forested land is as follows: West Virginia (81.58
percent of the state’s land area is in the basin);
Tennessee (57.18 percent); Kentucky
(53.97percent); Ohio (38.66 percent); and
Indiana (25.61 percent).

Trees and forest cover can benefit water quality
while silviculture can contribute to nonpoint
source pollution without appropriate
management practices. Trees help to reduce
nonpoint source pollution because they
decrease runoff, absorb nutrients, sequester
organic contaminants (Dosskey et al., 2010) and
help prevent erosion (Kentucky Division of
Forestry, 2020). Maintaining and restoring
riparian forest habitat can help reduce nonpoint
source pollution to adjacent streams and rivers
(Cotrone, 2022). Loss of riparian forest habitat
can result in increased sedimentation from
streambank erosion and increased water
temperatures due to loss of shade.

Timber harvesting can contribute elevated
levels of nonpoint source pollutants, especially
sediment and will vary across the region. As
with agriculture, best management practices
(BMPs) are used to minimize nonpoint source
pollution from forest harvesting activities and
requires funding and staffing for
implementation.
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Common Nonpoint Source Pollutants
Associated with Developed Land

« Sediment

« Oil, grease, and toxic chemicals from
motor vehicles

+ Pesticides and nutrients from lawns and
gardens

« Viruses, bacteria, and nutrients from pet
waste and failing septic systems

» Road salts

« Heavy metals from roof shingles, motor
vehicles, and other sources

« Thermal pollution from impervious
surfaces such as streets and rooftops

Source: EPA Nonpoint Source Pollution from Urban
Areas website)

Urban and developed land in the Ohio River
Basin also contribute to nonpoint source
pollution. Storm runoff flows over hardened
areas (impervious cover) that cannot soak up
rain, such as roads, sidewalks, parking lots,
rooftops, and driveways. The types of pollutants
that end up in waterways from impervious cover
in developed areas depend on the specific type
of activities on land, such as residential,
industrial, or construction. Some communities
are looking to green infrastructure approaches
to help manage pollutants in stormwater runoff
from impervious areas. Green infrastructure
solutions are approaches designed to mimic
nature using vegetation, engineered soil, and
open channels to allow stormwater runoff from
impervious areas to slow down so that
pollutants can be filtered out before entering
waterways (Pittsburgh Water and Sewer
Authority, n.d.).

Stormwater management is implemented with
best management practices and permit
regulations where there are specific
conveyances to carry storm water.
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Nonpoint Source Programs

Without effective management, nonpoint source

pollution contributes to water quality problems
and can affect drinking water supplies, water-
based recreational activities, and wildlife in the
Ohio River Basin, which can affect local
economies. Managing nonpoint source
pollution relies on voluntary planning specific
to land use activities and implementation by a
wide range of partners, which could be funded

through numerous federal, state, and watershed

programs.

Nonpoint source pollution management
throughout the Ohio River Basin involves a
network of partners, including federal, Tribal,
state, watershed, and local agencies; individual
landowners and producers; and
nongovernmental organizations. Funding for
nonpoint source pollution management focuses
on planning and implementing activities and
BMPs intended to reduce nutrients, sediment,
bacteria, and other pollutants from different
land-based activities. Below are some of the key
programs and efforts that promote nonpoint
source pollution reductions through funding
and technical assistance:

« Clean Water Act Section 319 Nonpoint
Source Program. EPA provides federal
funding to each state to administer this grant
program, which funds projects to reduce
nonpoint source pollution within watersheds
with approved Section 319 nonpoint source
management plans. Each state in the Ohio
River Basin has a different budget for this
program. States can establish priorities for
funding specific types of projects in
designated areas. Through the Section 319
nonpoint source program, watersheds can

develop watershed plans and apply for Section
319 grant funding for projects described in the

approved plans.

+ U.S. Department of Agriculture
conservation programs. As mentioned
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previously, agricultural conservation programs
such as EQIP and CSP are essential to
implementing conservation management
practices that focus on improving soil health,
reducing soil erosion, and preventing nutrient
losses. Each year, USDA administers billions
of dollars through Farm Bill conservation
programs to support voluntary conservation
on private lands across the country. A list and
brief descriptions of these programs are
available in USDA’s Farmers’ Guide to Farm
Bill Programs.

« Individual state nonpoint source programs.
Some states develop, fund, and implement
their own nonpoint source programs that
supplement federally funded programs.

« The Mississippi River/Gulf of Mexico
Watershed Hypoxia Task Force (HTF). The
Ohio River Basin is a major sub-watershed to
the Mississippi/Atchafalaya River Basin
(MARB). Five states in the Ohio River Basin
have state nutrient reduction strategies driven
by the HTF: Kentucky, Indiana, Tennessee,
Ohio, and Illinois. These are the states with
both the highest percentage of state land in
the Ohio River Basin and the states in the Ohio
River Basin with the highest percentage of
agricultural land in the basin. As part of the
HTF, these Ohio River Basin states receive
additional targeted federal funding, tracking,
and reporting support related to nutrients for
nonpoint sources, as well as other sources
(e.g., wastewater treatment plants).

RECOMMENDATIONS

The recommendations for addressing nonpoint
source pollution in the Ohio River Basin focus
on improving funding to existing programs at
the federal and state levels to address existing
needs for nonpoint source projects.
Recommendations are as follows:

- Increase federal investments to curb runoff
pollution and ensure all watersheds in the
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Ohio River Basin are eligible for Section 319
Nonpoint Source Program grant funding.
Local entities with an interest in pursuing
federal Section 319 Nonpoint Source Program
grant dollars to implement projects must first
have an approved Section 319 watershed plan.
These plans require resources and expertise to
develop. Creating an inventory of all
sub-watersheds in the Ohio River Basin to
determine the status of approvable Section 319
watershed plans would be a necessary first
step. For watersheds lacking an approved
Section 319 watershed plan, a targeted
funding source would be needed to provide
the resources necessary to create approvable
Section 319 plans, with funds being targeted
first to priority watersheds with significant
nonpoint source concerns. Once all
watersheds within the Ohio River Basin have
plans in place, the potential for more federal
Section 319 grant funding to flow into the
basin will increase. Future data for the Ohio
River Basin could include: 1) number of
approved Section 319 watershed plans in the
Ohio River Basin by state; 2) state nonpoint
source program dollars going to projects in the
Ohio River Basin; 3) number of Section 319
projects in the Ohio River Basin; 4) nonpoint
source pollutant reductions associated with
Section 319 projects in the Ohio River Basin.

Support agricultural producers in the Ohio
River Basin with access to funding and
technical assistance in implementing
conservation practices. As shown in Table 2,
there is an interest by agricultural landowners
in the basin states to pursue federal
conservation funding. All landowners
interested in obtaining these dollars for
conservation projects on their lands should be
able to put forth a strong, eligible application.
More resources are potentially needed to
support the local organizations that assist
landowners in pursuing conservation
funding. In instances where landowners in a
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basin state have an eligible application for
federal conservation funding but there is a
lack of adequate program dollars to meet the
need, a specific funding mechanism for the
Ohio River Basin to fill the gap would be
beneficial—particularly in high priority
agricultural watersheds that are lacking
existing federal investments.

Ensure all state forest plans in the Ohio
River Basin have adequate funding and
staffing to carry out timber harvest BMP
inspections. Some state forest agencies do not
have the necessary resources to inspect and
enforce state timber harvesting requirements,
including BMP implementation to prevent
nonpoint source pollution. Funding is needed
for basin states with timber harvesting
activities that lack staff to conduct
inspections.

Ensure all six Ohio River Basin states with
state nutrient reduction strategies to
support the goals of the HTF have adequate
funding to implement activities. The
ultimate goal of the HTF and associated state
nutrient reduction strategies is to help meet
the downstream hypoxia goals for nitrogen
and phosphorus. However, the projects and
activities associated with the strategies will
benefit the residents of the Ohio River Basin.

Create an Ohio River Basin-specific
nonpoint source funding mechanism to
help fill funding gaps. This type of new
funding mechanism could help to fill funding
gaps where federal and state dollars are
inadequate to meet needs in the basin. An
overarching basinwide organizational entity
would be essential in helping to distribute
funding for nonpoint source pollution projects
in priority areas throughout the basin. The
funding would likely need to be part of a
larger basinwide allocation of funds to
support a wide range of Ohio River Basin
restoration and protection activities.
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- Investigate the feasibility and efficacy of
innovative strategies to reduce nonpoint
source pollution, such as nutrient trading
programs. Nutrient trading, or water quality
trading, is an option for reducing nonpoint
source pollutant loads in an affordable and
ecologically effective manner. For more
information on the Ohio River Basin Water
Quality Trading Project, please see EPRI |
Ohio River Basin Trading Project.
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2.4 MINING LEGACY

INTRODUCTION

Past and current mining activity in the Ohio
River Basin has impaired water quality in many
water bodies across the basin. Water pollution
from mining activities can make water unsafe
for drinking and recreation, make fish in
contaminated waters unsafe to consume, and
harm aquatic wildlife. For the health and safety
of those who live in the basin and depend on its
important natural resources, minimizing
impacts to water quality from mining activities
in the Ohio River Basin is essential.

THE PROBLEM

States regularly assess water quality to identify
waterways that do not meet state water quality
standards. There are over 200,000 miles of
assessed streams within the Ohio River Basin.
Of those, about 140,000 stream miles are listed
as water quality impaired, and more than
12,000 miles are impaired due to mining-related
activities—about 6 percent of assessed streams
in the basin. These statistics do not include
water quality impairments to lakes and
groundwater from mining; however, these
waters are also susceptible to mining-related
impacts.

Figure 3. Mining-impaired streams in the Ohio River Basin
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Mining-related water quality impairments can
occur due to high levels of metals such as
mercury, iron, aluminum, and manganese;
changes in the acidity of the water caused by
acid mine drainage; sedimentation; bacteria;
low dissolved oxygen levels; and impacts from
hydrologic modification. Surface water impacts
from mining activities can cause water quality
and habitat changes that harm aquatic wildlife;
make waters unsafe for drinking and recreation;
and contaminate fish, posing risks to those who
consume them. Mining-related activities that
can contribute to water quality impairments
include inadequately controlled abandoned
mine lands; sites where mine operators failed to
meet their cleanup obligations and where bond
monies are inadequate to cover the costs; and
active mining operations. An abandoned mine
land is typically defined as a mine or quarry
that is no longer producing or operational,
typically established prior to the 1977 Surface
Mining Control and Reclamation Act (SMCRA),
and which has no responsible party to finance
the cost to address its remediation and/or
restoration. After 1977 SMCRA required mining
operators to post a bond for the purposes of
funding remediation activities should the mine
be abandoned. However, when the bonds do not
cover the entire cost of remediation, mines are
referred to as “bond forfeiture mines.”

There are ongoing challenges to controlling
pollution from these mining activities The use
of coal for electric power generation is
decreasing with some coal companies going out
of business. The region can expect changes to
the number of sites needing remediation as well
as challenges to ownership responsibility.
Projected increases in intensity of storm events
may increase pollution from acid mine drainage
(Drum, R. G., et al., 2017). As a result, stream
impairments from mine drainage may increase
in the future.
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RECOMMENDATIONS

To protect the health of those who live and work
in the Ohio River Basin, the key long-term goal
is to minimize—or eliminate, to the extent
possible—impacts to water quality from
abandoned mine lands, bond forfeiture mine
lands, and active mines in the basin.
Recommendations to achieve this goal over the
long term include the following:

+ Ensure that all abandoned and bond
forfeiture mines are adequately reclaimed.
Additional funding will be necessary to cover
the shortfall in remediation costs for these
mines.

« Ensure that active mine wastes are
controlled and managed sufficiently so
they do not cause impairments. These
controls could include active treatment
systems for mine water discharges and site
runoff, as well as instream treatment systems.
In addition to remediating impacted streams
and rivers, research is needed to identify how
mine wastes can be sequestered or recovered
in situ before reaching surface waters.

+ Ensure that operations and maintenance
activities for these controls have long-term
funding and are completed on a regular
basis. This will ensure that all treatment
systems continue to operate adequately and
provide the necessary ecosystem protections.

+ Complete inventories of mining-impaired
streams and mining activities in the basin.
These inventories should inform priorities for
restoration activities. Inventories that should
be undertaken include: 1) an inventory of all
mining-impaired streams; 2) an inventory of
all abandoned and bond forfeiture mines for
the Ohio River Basin contributing to
impairments; and 3) an inventory of all active
mines contributing to impairments.

+ Prioritize streams impaired by mining and
begin developing and implementing
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remediation plans, on a priority basis, to
abate identified impairments. Funding will
be needed for implementation of remediation
plans on an ongoing basis.

- Investigate potential for recovery of
valuable rare earth elements and critical
metals from acid mine remediation
systems. Funding will be needed for research
and development of processes for extraction of
rare earth elements that could both subsidize
treatment and reduce impact of rare earth
element extraction.'

16 https://doi.org/10.1016/j.coal.2020.103610)

38 HEALTHY WATERS, HEALTHY COMMUNITIES, HEALTHY ECONOMIES


https://doi.org/10.1016/j.coal.2020.103610

2.5 HYDROLOGIC MODIFICATION

INTRODUCTION

Prior to European settlement of the Ohio River
Basin, forests were expansive (Dyer, 2006),
wetlands were prevalent (Dahl & Allord, 1996),
beavers were common (Wohl, 2021), and streams
regularly flooded their floodplains (Wohl, 2019).
Much of the rainfall could infiltrate into the
ground or be held back within wetlands. The
rain and snowmelt that was not retained on the
landscape was slowed by many beaver dams
and vegetation on the floodplain before it
entered surface streams. In its natural
condition, the Ohio River Basin was effective at
recharging groundwater; limiting flood-flow
velocities, bank erosion, and sediment and
nutrient transport; and providing habitat for
beavers, fish, freshwater mussels, and other
aquatic and aquatic-dependent plants and
animals. Today, the hydrologic functioning of
the Ohio River Basin has been significantly
altered, with associated impacts to the
ecosystem services and functions that the Ohio
River system can provide for the people, plants,
and animals who live in it. The increased runoff
volume and peak flows, alterations of instream
flows, and greater intensity of low flows
resulting from hydrologic changes in the basin
affect the long-term sustainability of a vibrant,
healthy, and beneficial ecosystem.

THE PROBLEM

Changes affecting the hydrology of the Ohio
River Basin have occurred throughout the
basin, from the upstream headwaters to small
streams to large rivers. Some important
human-made changes in the upstream
headwaters have included deforestation, beaver
removal, wetland draining, roadside and
agricultural ditching, and the installation of
agricultural drain tiles. These changes result in
a hydrologically disconnected landscape that
retains less water, leading to less groundwater
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“While there is widespread acknowledgement that
lock-and-dam infrastructure on the mainstem of
the Ohio River is necessary for maritime
navigation and transportation, many people see
outdated and dangerous dams on the tributaries
as candidates for removal. Dams block fish
migration routes, separating feeding and
spawning grounds, which impairs fish’s
biological functions. Dams can also lead to
sediment build up, which disrupts riverbed
dynamics. They can also present a danger for
water recreation (boaters and swimmers).” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)

infiltration, increased runoff, and extensive
drainage networks that quickly convey water to
streams (Blann et al., 2009; Foufoula-Georgiou
et al., 2015; Raymond et al., 2008; Schottler et
al., 2014; Valayamkunnath et al., 2020; Zhang &
Schilling, 2006). More runoff, conveyed more
quickly to rivers and streams, increases the
velocity and volume of flows as well as the
severity of peak flows. Increased flow and flow
velocities of streams and rivers can lead to
channel erosion, which can undermine built
infrastructure such as roads, bridges, and
pipelines; contribute to high levels of sediment
in the water, which is costly to filter for drinking
water and dredge when it deposits; and disturb
aquatic habitats and the plants and animals
that depend on them (Osterkamp et al., 1998;
Wharton et al., 2017).

Larger streams and rivers within the Ohio River
Basin have also undergone considerable change
from the construction of dams and levees, as
well as road-stream crossings (culverts). In the
Ohio River Basin, there are more than 25,000
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dams (Buchanan et al., 2022; U.S. Army Corps of
Engineers, 2022) and more than an estimated
100,000 road stream crossings (culverts), many
of which are undersized, vulnerable to failure
during floods, and exceeding their design life.

Dams are part of the critical infrastructure that
supports the economy of the basin. More than
130 dams in the basin include hydropower
facilities that not only provide renewable energy
and jobs, but also collect important water
quality data (U.S. Army Corps of Engineers,
Louisville District et al., 2020). In addition, 53
navigation dams throughout the basin enable
river transport of raw materials and goods that
support many industries and substantially
reduce tractor trailer traffic in cities and towns
(U.S. Army Corps of Engineers, Louisville
District et al., 2020). Dams, levees, and
inadequately designed culverts block aquatic
species from migrating to critical habitat and
alter the natural flow regime. Further,
impounding flows behind dams and levees
affects water temperature, and can pose public
safety hazards and increase the risk of damage
to personal property and public infrastructure,
particularly with increasingly frequent and
more severe high flow events that exceed a
dam’s designed holding capacity (Drum et al.,
2017). The loss of wetlands and floodplains
through development and stream channel
modifications also reduces the river system’s
ability to retain and dissipate floodwaters.

“Many residents felt that groundwater protections
have not received adequate attention in restoration
discussions. They worry that existing protections
are not enough to ensure that groundwater supplies
remain healthy and are used sustainably.” —
Community Priorities for Ohio River Basin
Restoration and Protection (2024)
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Water withdrawal from surface water and
groundwater for irrigation, drinking water, and
industrial use decreases the amount of flow in
streams. During dry weather, these water
withdrawals can exacerbate low-flow
conditions, resulting in warmer and slower-
flowing water. These conditions significantly
reduce the overall health of streams and rivers
and their ability to support the plants, wildlife,
and people who depend on them. Managing
water withdrawals to alleviate low-flow
conditions will become more important over
time as water demand increases to support a
growing population, crop irrigation due to more
frequent droughts, as well as economic growth
in industries such as resource extraction (e.g.,
hydraulic fracturing (Auch, 2018)).

These conditions are exacerbated by the effects
of changing weather patterns, such as
redistribution of the timing, amount, and
locations of precipitation, which results in both
more frequent and severe high runoff events
and drought conditions (Drum et al., 2017;
Hayhoe et al., 2018; U.S. Global Change
Research Program, 2017).

Although this section focuses on the direct
impacts of hydrologic changes in the Ohio River
Basin, there are associated (and inextricably
linked) impacts to aquatic and riparian habitats,
water infrastructure, and water quality,
including increases in nonpoint source
pollutant delivery to rivers and streams. Other
sections of this plan contain additional details
about these connections.

RECOMMENDATIONS

The recommendations in this section provide a
frameworKk for restoring the Ohio River Basin’s
natural, unaltered flow conditions. While
returning the landscape to its predevelopment
condition is not feasible, these
recommendations advocate for restoring
hydrologic functions as far as possible. This
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involves solutions that intercept more rainfall
and runoff across the basin’s landscapes, retain
water to facilitate infiltration, reduce
downstream flooding and erosion, and prolong
baseflow of cooler and cleaner water during dry
weather. Goals for restoration actions include:

« Restoring a more natural flow regime.

« Protecting critical hydrologic source areas and

ecosystems.

« Improving resilience to floods and droughts.

« Continuously monitoring the ecological
health of the basin and providing science-
based adaptive management.

« Synchronizing planning efforts across the
basin through regional, state, and local plans.

Each of the broad recommendations described

below is aimed at achieving one or more of these
long-term goals. The recommendations identify

the types of activities that will help restore the
Ohio River Basin’s natural hydrologic functions
and resilience to severe weather conditions.

“Many residents want to see investments in

nature-based infrastructure, whereby the natural

landscape can absorb storm water and prevent

flooding.” — Community Priorities for Ohio River

Basin Restoration and Protection (2024)

« Encourage and support restoration
practices that intercept and retain more
precipitation across landscapes. These
practices include reforestation, restoration of
native meadows, cover cropping, and
implementing Best Management Practices in
urban and suburban areas. These practices
slow the rate of runoff across the landscape,
improve soil health, and promote infiltration
and groundwater recharge. Prioritize
landscape restoration activities such as
promoting cover cropping on agricultural
lands (see Section 2.3) and investing in urban
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green infrastructure particularly flood prone
areas and those impacted by environmental
injustices.

+ Add complexity back to stream channels.

This can be done by re-meandering streams,
constructing inset floodplains, adding more
woody debris (Rhea, 2023), restoring riparian
corridors, and reintroducing beavers (where
appropriate for landowners). In the Ohio River
mainstem and larger tributaries, island
restoration projects, such as those discussed
in the USACE Sustainable Rivers Program:
Ohio River Systems Analysis (2022), could
provide multiple benefits, including 1)
restoring more natural flow conditions; 2)
providing habitat for aquatic and aquatic-
dependent species; and 3) providing a
beneficial use for sediment dredged to
maintain navigation channels or to restore
floodplains. Improving stream channel
complexity will help decrease streamflow
velocities and improve retention of
floodwaters and flood flow dissipation
throughout the basin.

Reestablish a connection between streams
and floodplains. This can be done by
removing sediments, which can be a
sustainable source of topsoil for farmers,
landscapers, and developers; creating
wetlands in floodplains and riparian areas;
and setting back or removing levees. Federal
and state agencies should continue and
increase funding of stream and floodplain
restoration. EPA’s Clean Water Act Section 319
grants administered through state
environmental regulatory agencies can
support this restoration.

Restore river and stream network
connectivity. Reconnect stream networks
through systematic removal or rehabilitation
of physical barriers such as locks, dams, and
culverts that alter streamflow and prevent
passage by fish and wildlife. (Benefits of
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retaining dams and other barriers would be
balanced with benefits of removal.) These
actions should be undertaken with an eye
toward reconnecting enough streams and
removing impediments to allow for aquatic
organisms to move unimpeded through at
least 50 percent of the Ohio River Basin
stream network.

Partner with organizations with programs
focused on dam removal and rehabilitation,
such as American Rivers and USACE. Ensure
that Ohio River Basin partners know about
and pursue culvert replacement program
funding, such as the Federal Highway
Administration’s National Culvert Removal,
Replacement & Restoration Grants.

- Basin stakeholders should prioritize several
of the objectives and strategic actions
identified in the USACE Plan for the Ohio
River Basin—2020-2025 Planning Assistance
to States Study (2020):

 Increase integration and maintenance of
publicly accessible, comprehensive data on
use of locks and dams (including all vessels
and tonnage) from the Institute for Water
Resources’ Lock Performance Monitoring
System and data at the Waterborne
Commerce Statistics Center.

« Conduct a study on the removal and reuse/
repurposing of outdated infrastructure,
such as abandoned rail lines, to allow for
waterfront development.

» Prepare a basinwide investment plan that
addresses high-flood-risk areas, including
areas where dams and local protection
projects exist. Examine high-risk areas that
may benefit from a feasibility study and
structural or non-structural measures, with
an emphasis on wetlands and floodplains
that could reduce risk within those areas.

- Organizations with programs focused on
culvert installation and replacement, such
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as basin states’ departments of
transportation and the U.S. Fish and
Wildlife Service, should direct program
resources toward inventorying culverts;
supporting creation of municipal culvert
management plans or other planning
instrument(s) to convey inventory results
and integrate with municipal priorities; and
implementing projects that are properly
designed for aquatic organism passage.

“People are concerned about how water is being
used and whether there are safeguards to prevent
water in the region from being pumped and sold
(or diverted) outside the region. Several people
want the region to develop a forward-thinking
water management structure that promotes wise
water use in the region to make sure that people
and communities have the water they need now
and into the future.” — Community Priorities for
Ohio River Basin Restoration and Protection
(2024)

- Consider developing a conservation lockage
plan to support network connectivity. As
described in the USACE’s Sustainable Rivers
Program: Ohio River Systems Analysis (2022),
“Conservation lockage is the act of operating
lock systems specifically to enhance fish
passage.”

« Protect critical hydrologic source areas and
ecosystems. Floodplains and critical
hydrologic source areas such as wetlands can
be protected through purchasing lands and
adding conservation easements. Land
purchases should prioritize helping
communities most impacted by
environmental harm and facilitate public use
of purchased land where possible. Within the
first five years of plan implementation,
organizations and programs such as
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government land trusts, The Nature
Conservancy, and USDA’s Conservation
Reserve Program should coordinate to
identify places with a high risk of flooding and
areas of hydrologic importance and target
investments toward protecting those areas.

» Create policies to protect water resources.
Ecological flow guidelines are needed to
prevent over-withdrawal of surface and
groundwater and to establish criteria for flow
modifications such as dam releases. Relevant
policies and programs within EPA, the U.S.
Fish and Wildlife Service, USGS’ streamflow
monitoring program, and state departments
of natural resources can be leveraged to
establish these criteria and guidelines within
the first five years of plan implementation.
Science-based policies for streamflow
management that are coordinated across the
Ohio River Basin can improve drought
resilience by maintaining streams above the
established ecological flow guidelines. Flow
guidelines should be established for different
species, along with a determination of where
those species exist (which tributaries). Once
the guidelines are established, state agencies,
including ORSANCO, could be charged with
their implementation. A basinwide adaptive
management team should support planning
and implementation to monitor and document
flow, water withdrawals, and ecological
conditions to evaluate progress and adapt the
guidelines, if necessary, as indicated by
relevant data. The guidelines, along with data
on withdrawals and flow conditions, can be
used to inform water resource management
decisions that protect instream flows.

+ Enable progress tracking. Monitoring and
assessment protocols and metrics are needed
to evaluate the effectiveness of short- and
long-term actions toward meeting the vision
of restoring the Ohio River Basin’s natural
hydrologic functions and to support adaptive
management of plans and priorities.
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“Several residents pointed out that increased data
collection and ongoing monitoring and
evaluation are essential to establish baselines to
track progress of future restoration actions.”

— Community Priorities for Ohio River Basin
Restoration and Protection (2024)

Meaningful metrics could include a long-term
downward trend in annual flood damages
(metric for improved hydrologic function and
flood resilience) and stable or increasing
long-term groundwater levels (metric for
sustainable use of water resources).

+ Continuously communicate with
stakeholders. Stakeholder coordination is key
to ensuring that the large-scale Ohio River
Basin planning is consistent with regional,
state, and local plans in achieving
agreed-upon long-term goals.

In addition to these recommendations, the
USACE Sustainable Rivers Program: Ohio River
Systems Analysis (2022) includes preliminary
recommendations for further study to help
restore more natural flow patterns.

HYDROLOGY RESEARCH NEEDS

There is a need for additional research to help
focus work and guide management decisions
around hydrologic restoration in the Ohio River
Basin. The most immediate needs include:

« Compiling and maintaining a comprehensive
database on water infrastructure, culverts,
drainage ditches, drain tiles, and dams
throughout the Ohio River Basin. Some of
these data exist from different federal, state,
and local government agencies, but not all the
data are together in one place for the entire
Ohio River Basin to inform decision-making.

« Identify critical hydrologic source areas and
ecosystems using existing data and plans
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generated by resource agencies and
nongovernmental organizations that work in
the Ohio River Basin.

Identify the different aquatic species that exist
in tributaries throughout the basin to support
development of species-specific ecological
flow guidelines.

Identify monitoring parameters and locations,
funding sources, and data collection
mechanisms to ensure a continuous
monitoring program for assessing hydrologic
conditions and ecosystem response.

Develop an integrated watershed framework
that can assess how individual changes may
affect the hydrologic functioning both
upstream and downstream throughout the
stream network of the Ohio River Basin.

Assess how growing populations, shifting
land use patterns, and changing weather
patterns may affect hydrology in the future.
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2.6 HABITAT AND SPECIES

INTRODUCTION

The 204,000 square miles of the Ohio River
Basin contains many unique habitats and
species that provide a variety of economic and
health benefits to the basin’s communities. The
basin spans 16 different ecoregions and harbors
over 350 fish species and more than 120 mussel
species, making it one of the most diverse
basins in North America (Stark, J. 2013). This
natural diversity allows for abundant
recreational and commercial fishing
opportunities, sustaining a combined annual
$83 billion-dollar outdoor recreation economy
in the five states constituting the largest portion
of the basin (West Virginia, Ohio, Kentucky,
Tennessee, and Indiana) (U.S. Army Corps of
Engineers, Louisville District et al., 2020).
Healthy habitat not only contributes to the
success of the basin’s outdoor recreation
economy but can also provide other benefits.
For example, healthy floodplains and wetlands
that support fish and wildlife can also provide
important flood control that can minimize
flood-related property damage and cleanup
costs (U.S. Environmental Protection Agency,
2012). These habitats can also buffer and filter
pollution, providing water quality protection
that can reduce drinking water treatment costs
for local communities. Healthy habitat not only
supports healthy wildlife, but also healthy
communities.

THE PROBLEM

Activities in the Ohio River Basin have led to
changes and loss in natural habitats that
support wildlife. As a result, wildlife diversity
and abundance in the basin have also
experienced changes. The many challenges
facing the Ohio River Basin also cause threats to
habitat and wildlife species, including the
following:
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+ Hydrological modification. Channelization,
such as straightening of rivers, dam
construction, and the loss of connectivity
between rivers and the adjacent floodplain
change the natural high and low-flow patterns
of waterways. Changes to natural flow
patterns can degrade river habitat for fish and
wildlife (Loos & Shader, 2016). Dams, culverts,
and other barriers can limit fish access to vital
spawning habitats. (See Section 2.6).

« Nonpoint source pollution and mining
pollution. Urbanization, deforestation,
resource extraction, and agricultural practices
have led to the degradation of riparian buffers
and increased sediment and nutrient loads to
waterways (Allan, 2004). These increased
nutrient loads can exacerbate harmful algal
blooms and hypoxic “dead zones” in rivers
and oceans (National Science and Technology
Council Subcommittee on Ocean Science and
Technology, 2016). (See Section 2.3 and
Section 2.4.)

+ Toxic pollution. Contaminants from
municipal, industrial, and nonpoint sources
have accumulated in sediments and food
webs. (See Section 2.2.)

+ Extreme weather and warming climate.
The changes to the natural aquatic
ecosystems have been further exacerbated by
climate change disrupting established
precipitation and temperature patterns within
the basin (Drum et al., 2017). (See Section 2.9.)

The Ohio River Basin Fish Habitat Partnership
identified and ranked threats to diverse aquatic
habitat and the fish and mussels that rely on
these types of habitat. The threats that ranked
highest for these aquatic habitats included the
following (Stark, 2013):

- Dams

+ Sediment (from mining, urban development,
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silviculture, agriculture, livestock)
» Changing climate
- Invasive fish species
« Atmospheric deposition
 Flood control structures
» Acid mine drainage
« Channelization
+ Culverts and bridges
« Channel dredging

Collectively, such disturbances have altered
aquatic food webs, facilitated the success of
invasive vegetation and wildlife (see Section
2.8), and led to the local extinction of native
species. Threats to habitat and wildlife have
caused the Ohio River Basin to experience
losses. There are 11 extinct mussel species and
46 other mussel species classified as threatened,
endangered, or as species of concern. There are
625 wildlife species classified as threatened or
endangered in the basin.

Threats to different types of habitats in the Ohio
River Basin create challenges for important
wildlife species, as well as for the basin’s
residents. (It is important to note that restoring
aquatic habitats, such as those mentioned
below, will necessitate the restoration and
protection of upland ecosystems and associated
terrestrial habitats, such as forests, open
prairies, and grasslands.)

Wetlands

Permanent and periodic wetlands cover 3,800
square miles of the Ohio River Basin, providing
habitat for resident and migratory wildlife that
attracts outdoor recreational enthusiasts (U.S.
Fish and Wildlife Service, 2018). Wetlands in the
basin help to slow and filter water, providing the
basin’s residents with valuable services by
absorbing pollution and providing flood
protection (Drum et al., 2017). Despite current
federal and state regulations, the basin’s
remaining wetlands have been fragmented and
converted for various land uses over past
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decades (U.S. Army Corps of Engineers, 2009).
Wetland restoration would benefit at-risk
wildlife such as arthropods (swamp metalmark
and Big South Fork crayfish), amphibians
(blue-spotted salamander and lesser siren),
reptiles (spotted turtle and eastern Massasauga
rattlesnake), mammals (northern long-eared
bat), and birds (king rail and whooping crane)
(Association of Fish and Wildlife Agencies, n.d.;
Terwilliger Consulting, Inc. & Midwest
Landscape Initiative, 2022).

Lakes and Ponds

The Ohio River Basin has numerous natural and
human-made lakes and ponds covering 3,000
square miles of the basin (U.S. Environmental
Protection Agency, 2022b). Human-made lakes
and ponds are created by impounding flowing
waterways or further inundating natural water
bodies for purposes of flood control, navigation,
and drinking water or agricultural water
withdrawals. Kentucky Lake and Lake
Cumberland are the two largest reservoirs east
of the Mississippi River. Human activities, such
as shoreline development, dredging and
reservoir maintenance, and recreational
activities, heavily impact the species and
habitats of lake and pond ecosystems
(Association of Fish and Wildlife Agencies, n.d.).
The biological integrity of lakes and ponds is
less well-studied than that of rivers and
streams, with most assessments focused on
recreational use, sport fish management, and
invasive species control. Select imperiled
species that would benefit from lake and pond
restoration include arthropods (spatterdock
darner), mussels (salamander mussel), fishes
(lake sturgeon and blacknose shiner),
amphibians (three-toed amphiuma and
northern and southern leopard frogs), reptiles
(Blanding’s turtle and copperbelly watersnake),
and birds (American bittern and American
black duck) (Association of Fish and Wildlife
Agencies, n.d.; Terwilliger Consulting, Inc. &

HEALTHY WATERS, HEALTHY COMMUNITIES, HEALTHY ECONOMIES



Midwest Landscape Initiative, 2022).

Streams and Rivers

The Ohio River Basin contains over 250,000
miles of stream and river systems, from
numerous cool headwater streams to large
meandering warm rivers like the Wabash River
(U.S. Environmental Protection Agency, 2022b).
In addition to the Wabash River, the basin
encompasses other large river systems including
the Allegheny, Monongahela, and Tennessee.
The basin contains one of the oldest rivers in
the world (New River, West Virginia), some of
the most biodiverse rivers in the nation (Duck
River, Tennessee and Green River, Kentucky)
and many other ecologically significant
waterways (EIK River, West Virginia; French
Creek, Pennsylvania; Big Darby Creek, Ohio;
and Blue River, Indiana) (The Nature
Conservancy, 2018; U.S. Army Corps of
Engineers, Louisville District, 2012). The
relative uniqueness and risk for harm of some
Ohio River sub-basins has resulted in higher
prioritization for protection and restoration
relative to other rivers and stream across the
country (Abell et al., 1999; Elkins et al., 2019;
Master et al., 1998). Minimizing impacts to
water quality, natural hydrology, food webs, and
habitat help these unique systems flourish and
attract outdoor recreational enthusiasts.
However, impacts from human activities have
degraded many of these waterways, causing
issues that will continue to compound over time
without preservation and restoration efforts.
These impacts, especially those related to water
quality, can affect outdoor recreation
opportunities that rely on healthy rivers and
streams. Select imperiled species that would
benefit from riverine restoration include
arthropods (northern clearwater and big sandy
crayfishes), mussels (bird-wing pearlymussel
and northern riffleshell), fishes (blackside dace,
boulder darter, and candy darter), amphibians
(eastern hellbender and streamside
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salamander), reptiles (midland smooth softshell
and eastern ribbonsnake), mammals (Indiana
bat), and birds (cerulean warbler and osprey)
(Association of Fish and Wildlife Agencies, n.d.;
Terwilliger Consulting, Inc. & Midwest
Landscape Initiative, 2022).

Mainstem Ohio River

The mainstem of the Ohio River is a heavily
modified and managed great river. Once free
flowing, the 981 miles of the Ohio River became
fully channelized by 1929 to allow for industrial,
agricultural, and urban development (U.S. Army
Corps of Engineers, n.d.-a). Hydrologic
modification also includes 19 locks and dams.
Habitat fragmentation and degradation of water
quality from channelization led to species loss
and a decline in species abundance. Through
legislation and collaborative efforts to improve
water quality, the Ohio River has regained some
of its lost biodiversity (Thomas et al., 2018).
Today, the mainstem of the Ohio River harbors
more than 160 fish and over 120 mussel species.
However, legacy pollutants, emerging
contaminants, habitat fragmentation,
non-native species, and other threats still loom
for this unique aquatic ecosystem (Ohio River
Valley Water Sanitation Commission, 2023b,
2023a). Select imperiled species that would
benefit from Ohio River restoration include
arthropods (leopard crayfish), mussels
(clubshell, spectaclecase, and fat pocketbook),
fishes (alligator gar, American eel, blue sucker,
and paddlefish), amphibians (common
mudpuppy), reptiles (common map and
Ouachita map turtles), mammals (northern
long-eared bat), and birds (bank swallow,
greater scaup, and interior least tern)
(Association of Fish and Wildlife Agencies, n.d.;
Terwilliger Consulting, Inc. & Midwest
Landscape Initiative, 2022).
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“A key theme throughout the 31 listening sessions
was a desire for greater restoration of natural
areas in the watershed, including streams and
tributaries, forests, wetlands, and riparian zones.
Fish and wildlife restoration actions that were
discussed included stocking native species, like
fish and mussel species, so that they can restore
the food web and contribute to recreational
opportunities; addressing habitat fragmentation
so that aquatic and terrestrial species have
connected habitat; and removing hydrological
disruptions (i.e., taking down unsafe dams).
Riparian zone and wetland restoration would
also enhance the habitats of terrestrial and
aquatic species, on top of benefiting people
through natural flood mitigation.” — Community
Priorities for Ohio River Basin Restoration and
Protection (2024)

RECOMMENDATIONS

There are ongoing existing habitat and wildlife
protection and restoration efforts at the state
level, including State Wildlife Action Plans, and
at the basin level, such as the Ohio River Basin
Fish Habitat Partnership Strategic Plan and
Southeast Aquatic Habitat Plan (Association of
Fish and Wildlife Agencies, n.d.; Habitat
Subcommittee of the Southeast Aquatic
Resources Partnership, 2008; Stark, 2013). The
recommended actions include objectives
common to these existing restoration efforts
within the basin and actions that serve to
enhance and expand these efforts towards
basin-level goals applicable across the four
defined aquatic ecosystems (Association of Fish
and Wildlife Agencies, n.d.; Habitat
Subcommittee of the Southeast Aquatic
Resources Partnership, 2008; Stark, 2013).

Goals for Habitat and Species

Recommendations
» Habitats vital to supporting the growth and
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reproductive success of native species are
protected, restored, and enhanced.

« Aquatic ecosystems of the Ohio River Basin
sustain diverse populations of native fish,
mussels, and other wildlife species, especially
those that are threatened and endangered.

« Ohio River Basin water bodies remain safe for
contact recreation and support sustainable
commercial, recreational, and subsistence
fishing.

« Connectivity and hydrologic function of Ohio
River Basin water bodies are restored to
improve sediment and nutrient retention,
increase available spawning habitats, and
restore wildlife access to these areas.

« Invasive plants and wildlife are removed and/
or their effects on native populations and
ecosystem function are reduced, and future
introductions are prevented.

+ Sedimentation and nutrient inputs from the
landscape and tributary systems are mitigated
to protect water quality and aquatic habitats.

- Toxic contaminants are eliminated from Ohio
River Basin food webs; fish and other wildlife
remain safe for human consumption.

Basinwide Habitat Recommendations

« Centralize all habitat data relative to species
of greatest conservation need (SGCN) as
determined by states and regional state
wildlife action plans. A review and
coordination of survey and assessments
techniques and the resulting data will be
important to prioritizing future restoration
efforts, specifically habitat improvements,
reintroductions of at-risk or locally extinct
species, and tracking and removal of invasive
species within the basin.

+ Create or designate an entity or entities to
oversee the development of a prioritization
process and coordination of restoration efforts
across various agency and state jurisdictions.
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- Ensure restoration efforts are scientifically » Restore or create wetlands adjacent to

defensible, consider potential effects to the reservoir tributaries to mitigate discharge and
entire basin, and include all basin capture sediments and any bound pollutants.
stakeholders. « Coordinate with state water quality agencies
» Increase investments in habitat restoration to establish standardized monitoring
and protection. programs to track long-term chemical and
physical data, assess biological communities,
Wetland Recommendations and standardize fish consumption and
« Prioritize and identify areas within Wetland recreational advisories.

Conservation Opportunity Areas (high
priority habitats where conservation goals can
best be met) suitable for restoration,
acquisition, or implementation of
management agreements and easements.

+ Establish landowner educational and funding
programs that champion and incentivize Best
Management Practices, responsible chemical
applications (e.g., pesticide, herbicide, and
fertilizers) and maintenance of vegetated

« Support legislation that extends protection to buffers between residential and agricultural
human-made wetlands and ditches vital to lands.

SGCN and maintains connectivity and

function of wetlands within the basin. * Install remote harmful algal bloom

monitoring sondes at all lakes where access is

« Strengthen and restore wetland protections at permitted and enhance public notification
the federal and state levels to protect wetlands and involvement through signage and mobile
from being destroyed or filled. applications.

« Support monitoring and assessment of
wetlands, including whether mitigation banks
are fulfilling their intended purposes and
other potential threats, including
underground mining’s impacts on wetland
functionality.

Streams and Rivers Recommendations

« Inventory and assess riparian and instream
habitats of basin streams and rivers; use
information to prioritize for protection and
restoration.

« Establish landowner educational and funding
programs that champion and incentivize
maintenance of riparian buffers along basin
streams and rivers.

» Establish or enhance landowner educational
and funding programs that champion and
incentivize the protection, management, and
creation of wetlands on private lands.

+ Remove or enhance passage at dams and
other structural impediments (e.g., culverts)
to reconnect streams and rivers with their
natural floodplains and downstream water
bodies.

« Coordinate invasive vegetation removal from
private land.

Lakes and Ponds Recommendations

« Restore and augment habitat diversity of
reservoirs and lakes through regular dredging + Reduce sediments and nutrients entering
of excess fine sediments, maintaining tributaries by restoring or creating wetlands
shoreline buffers, and installation of artificial and buffers a]ong basin streams.
or natural cover to benefit spawning and
survival of young-of-year fishes and lower
trophic levels.

« Enhance buffers between agricultural,
residential, and industrial areas adjacent to
shoreline habitat through purchase,
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conservation easements, and educational
efforts. Prioritize riparian buffers and

instream habitat most in need of preservation.

Refine or develop techniques and models to
improve assessment and management of
important sport fishes (e.g., smallmouth and
largemouth bass, rainbow and brook trout)
and imperiled aquatic species.

Coordinate initiatives to reintroduce,
augment, and protect imperiled fish (e.g.,
Etheostoma darters) and other wildlife
populations (e.g., hellbenders, Epioblasma
river mussels, Faxonius crayfishes).

Mainstem Ohio River Recommendations

» Restore embayment and off-channel habitats
of the Ohio River and mouths of its direct
tributaries through regular dredging of fine
sediments and installation of artificial or
natural cover to benefit spawning (e.g.,
Centrarchidae) and survival of young-of-year
fishes, respectively.

Enhance vegetated buffers between
agricultural, residential, and industrial areas
adjacent to shoreline habitat through
purchase, conservation easements, and
educational efforts. Prioritize riparian buffers
and instream habitat most in need of
preservation.

Coordinate efforts to augment priority SGCN
species populations and the reintroduction of
extirpated species within their historic
ranges, including lake sturgeon, alligator gar,
and various listed mussel species.

Install and maintain multi-parameter probes
(including for turbidity and nutrients) at every
Ohio River dam and major tributary mouth.

Develop an operational plan for Ohio River
locks, dams, and associated hydroelectric
facilities to benefit native migratory fishes
(e.g., American eel, paddlefish, sturgeon
species), mussel host species, and other
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wildlife during critical life history stages.

Evaluate options for assisted fish passage or
create physical installations at all dams on the
Ohio River that maximize benefit to native
species.

Enhance current invasive sampling and
tracking (via eDNA and telemetry) on the Ohio
River through increased support to existing
U.S. Fish and Wildlife Service and state
departments of natural resources efforts.
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2.7 INVASIVE SPECIES

INTRODUCTION

The Ohio River Basin supports half of America’s
freshwater fish species and one third of its
freshwater mussels. The introduction of species
(both vegetation and wildlife) that are not
native to the Ohio River Basin is an existing and
growing threat to the basin’s unique ecosystems.
There are more than 60 invasive aquatic species
in the Ohio River Basin including at least 19 fish
species, 14 invertebrate species, and 28 species
of plants and algae. There are dozens more
species of invasive plants in wetlands and riparian
zones, as well as many more invertebrates and
fishes that are potential threats (Ohio Field
Guide to Aquatic Invasive Species. The Ohio
State University, Ohio Sea Grant, 2018). These
invasive species not only threaten the basin’s
ecosystems, but also threaten the economy and
health of its residents.

THE PROBLEM

The Ohio River and its tributaries are home to
over 350 fish species, including paddlefish, lake
sturgeon, and shovelnose sturgeon, as well as
sportfish like smallmouth bass, sauger, and blue
catfish. It provides a home to over 120 species of
mussels, including many that are threatened
and endangered. Invasive species threaten the
basin’s biodiversity and can curtail outdoor
recreation opportunities, such as fishing and
boating.

“Many people brought up and support the need to
manage and control aquatic and terrestrial
species that threaten native species and habitat.
This is especially true on abandoned mining
areas, such as mountaintop removal sites, which
can be a haven for invasive plants.” — Community
Priorities for Ohio River Basin Restoration and
Protection (2024)
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Invasive species, including fish, macroinver-
tebrates, plankton, and both aquatic and
riparian plants, are an existing and growing
threat. Whether introduced accidentally or
intentionally, invasive species often grow faster,
mature earlier, disperse more readily, and have
fewer natural predators than native species do.
When established, invasive species outcompete
native species, reduce biodiversity, and degrade
water quality. These impacts collectively
threaten ecological resilience, stability, and
sustainability; they negatively affect commercial,
agricultural, and recreational activities.

INVASIVE SILVER CARP IN THE OHIO RIVER: A
HARD-TO-CURTAIL HAZARD FOR ANGLERS AND
BOATERS

Invasive species can pose many risks to local
environments and the people and businesses that
rely on them. For instance, the invasive Asian
silver carp has migrated into waterways across
the United States, including the Ohio River. The
carp can leap up to 10 feet out of the water and
poses risks to boaters’ safety: injuries from
collisions with the fish have included cuts,
broken bones, black eyes, and concussions. In
addition, the fish could also outcompete local
species that are important for fishing.

Species such as silver and bighead carp, emerald
ash borer, zebra mussels, Hydrilla, and kudzu
have already been documented within the

basin (U.S. Geological Survey, n.d.) and have
demonstrated the capacity to cause lasting
environmental and economic damage. Challenges
like excess nutrients and sediment from human
activities, as well as increasing temperatures
and extreme precipitation, create conditions
that increasingly favor additional invasions by
non-native species (Flanagan et al., 2015;
Hellmann et al., 2008; Rahel & Olden, 2008).
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There are several challenges to reducing the
impacts and thwarting further introduction and
spread of invasive species in the Ohio River
Basin. Challenges include 1) insufficient funding
to implement existing plans; 2) lack of federal
coordination between federal and state
agencies, nongovernmental organizations,
industry, and academia; 3) insufficient research
regarding effective and efficient means of
preventing and reversing the impacts of
invasive species; and 4) the need to perform the
work of prevention and control in such a way as
to minimize potential negative ecosystem,
socioeconomic, or cultural impacts.

RECOMMENDATIONS

Partnerships and plans exist to address invasive
species in the Ohio River Basin. These
partnerships include the Mississippi River Basin
Panel and the Mississippi Interstate Cooperative
Resource Association, along with numerous
states and regional aquatic invasive species
plans. A lack of long-term dedicated funding is
the major limitation for implementing the
recommendations of these partnerships and
plans. Effective implementation has several
facets, including identification of lead
organizations and improved collaboration,
enhanced communication and coordination,
development of dedicated response and
implementation teams, and increased research
to support effective decision-making. Sustained
funding is necessary to support a co-governance
team with full-time dedicated staff, including
coordinators (operations and education) and
field expertise (i.e., rapid response and control
teams).

Recommendations for addressing invasive
species in the Ohio River Basin fall into four
main categories: 1) coordination; 2) early
detection, prevention, and control and
restoration; 3) public outreach and education;
and 4) research and monitoring.
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Coordination

» Support increased leadership and
collaboration. Funding is needed for a
convening body to bring together state,
federal, and nongovernmental organizations;
industry; and academic partners to develop a
comprehensive Ohio River Basin invasive
species management plan that integrates the
current diversity of state and regional plans.
Eventually, the established governing body
should prioritize enhanced modes of
communication, coordinate the
implementation of planning teams, and
identify and coordinate the development of
science-based priorities. Efforts to control and
manage invasive species within the Ohio River
Basin can coordinate with existing entities
such as the Mississippi Interstate Cooperative
Resource Association (MICRA), which consists
of 28 state natural resources management
agencies with fisheries management
jurisdiction in the Mississippi River Basin.
MICRA works to improve management of
interjurisdictional fish and other aquatic
resources within the basin by coordinating
amongst states and with federal agency
partners. Similarly, several Ohio River Basin
states participate in partnerships such as the
Great Lakes Panel on Aquatic Nuisance
Species (GLPAN), which consists of local,
state, federal, Tribal, business, and
non-governmental partners. GLPAN works to
coordinate ways to prevent and manage
invasive species in the Great Lakes Basin.
Ohio River Basin partners can coordinate with
existing networks such as MICRA and GLPAN,
as well as adopt similar frameworks for new
Ohio River Basin invasive species
management and coordination programs.

+ Coordinate data and information sharing.
Develop a formal co-governance structure
between federal and state agencies to improve
coordination in monitoring, data reporting
and sharing, prevention, rapid response,
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policy development, establishing removal and
control targets, implementing control efforts,
and identifying research needs.

Early Detection, Prevention, Control/

Restoration

+ Develop dedicated implementation teams.
Funding is needed to hire dedicated staff for
implementation teams. These teams are
needed to 1) establish prevention programs,
including threat assessments to identify
which species are likely invaders, their source
regions, and their potential pathways; 2)
conduct regular monitoring to detect new
invasions and maintain rapid response teams
to spearhead eradication and containment
efforts for newly detected invasions; 3) update
and coordinate policy improvements; 4)
support research to help guide all aspects of
invasive species prevention, control, and
management; and 5) increase public
education. These teams should include
representatives from all partners. Long-term
adequate funding will help to ensure both
participation and success.

- Establish recreational boat cleaning

+ Support the Ohio River Comprehensive
Ecological Integrity Monitoring Program.
The Ohio River and other large rivers in the
basin support transportation, recreation, and
municipal and industrial water use. These
uses lead to different impacts on the rivers’
ecosystems. Funding is needed for a program
to comprehensively measure and assess river
stressors and impacts. This type of monitoring
information is essential to developing viable
solutions. A common tool for assessing
impacts and overall ecological health includes
systematic ecological monitoring of different
components of the system (e.g., water quality,
wetlands, riparian conditions, river substrate,
flow regime, invertebrates, fish, amphibians
and reptiles, and birds). Monitoring results
from this type of approach can help identify
and prioritize restoration needs, track
restoration progress, and prioritize stressors
for remediation. Monitoring for new and
existing invasive species would be a central
component of the monitoring approach. The
Great Lakes Coastal Wetland Monitoring
Program (Uzarski et al., 2017) initiated
through the Great Lakes Restoration Initiative

(decontamination) stations and legislation.
Recreational boating is a known pathway for
spreading invasive species. Treating boats
through hot water cleaning, bleach, or similar
substances can greatly reduce the threats.
Funding is needed to establish boat cleaning
stations at all public boat launches on the
mainstem Ohio River and its major tributaries.
All cleaning stations should include
educational outreach kiosks explaining the
problem and the importance of thorough
cleaning as a solution. In addition to boat
cleaning stations at public boat launches,
there is a need for legislation with subsidies
and/or incentives for establishing boat
cleaning stations at high-use private boat
launches.
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serves as a prime example.

Education and Outreach
- Develop and implement an invasive species

outreach program. Funding is needed to
support this program to include communities
and educate them on all facets of the Ohio
River Basin, including environmental,
socioeconomic, and health impacts of aquatic
invasive species, as well as the relevance of
monitoring and preventing invasives.

Develop and implement a marketing
strategy. Funding is needed for a
comprehensive, basinwide marketing strategy
that emphasizes the basin’s ecological and
economic importance and how invasive
species harm both aspects of the basin.
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ResearchNeeds

Develop and expand research regarding
effective and efficient means of preventing
and reversing the impacts of invasive species
(Fedorenko, 2021).

Develop and expand research to quantify
effects of invasive species on native species,
habitats, socioeconomics, and human health.

Develop and expand research to predict future
invaders, their origins, and pathways of
invasion.

Identify and reevaluate research needs
priorities as identified by the invasive species
collaborative team.

Conduct research to identify control targets
(given that extirpation is frequently not an
option) and determine what level of invasive
species prevalence is acceptable to minimize
adverse ecologic or economic effects.
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2.8 EXTREME WEATHER AND FLOODING

INTRODUCTION

Long-term changes in temperature and
precipitation have many impacts on the Ohio
River Basin, adding to the challenges the region
faces. Changing precipitation patterns,
flooding, and warmer temperatures affect
critical resources and infrastructure as well as
the health and safety of those who live and work
in the region. Investing in strategic actions to
promote ecosystem services can help protect
important natural resources and water quality
while improving local communities’ resilience
to future changes, supporting a safe, healthy,
and prosperous future for the basin.

THE PROBLEM

Changes in temperature and precipitation
patterns have magnified many existing
challenges within the Ohio River Basin, with the
resulting effects already felt by the basin’s
communities. These existing challenges include
pollution; aging water infrastructure;
disruptions to important industries like
recreation, shipping, and agriculture; and
damage to homes, buildings, and transportation
and energy infrastructure.

Specifically, the basin faces long-term changes
to temperature and precipitation (Wilson et al.,
2023) such as:

» More frequent and intense extreme
precipitation events (heavy rainstorms that
cause flooding).

« More precipitation variability and swings
between wet and dry conditions.

- Warmer air and water temperatures.

These changes have a range of impacts on the
Ohio River Basin and its natural resources,
economy, and people.

Extreme Precipitation

Expected increases in extreme precipitation
events could have a wide range of impacts on
the basin. Heavy rainfall can cause destructive
flooding; increase erosion; and damage homes,
businesses, utilities, farms, crops, and key
infrastructure. Increased landslide risk may
also be a threat in susceptible areas of the
basin.” Floods can destroy property and
threaten public health and safety through
drowning, displacement, illness from
contaminants in floodwater, and other risks
(Wilson et al., 2023). Floods can also cause
power outages and cut people off from
transportation, health care, jobs, and other
essentials (Hayden et al., 2023, p. 15).

Heavy rainfall and flooding can cause toxic
chemicals to flow into waterways, posing more
health risks as these events become more
common. The waters of the Ohio River Basin are
a crucial source of drinking water for people
across the region, and more heavy rainfall is
expected to increase runoff that can
contaminate water sources and cause
waterborne illnesses (Wilson et al., 2023, p. 19).
This increase in contaminants also adds to the
strain placed on the basin’s aging water
infrastructure, which may not be able to
adequately treat drinking water under changing
conditions (Cushing et al., 2023). Contamination
from heavy precipitation is a risk for both urban
populations who are a part of larger water
distribution networks, and for rural households
that get drinking water from private wells
(Wilson et al., 2023).

Communities are already feeling these impacts,
which have resulted in lost lives, homes left
unlivable, and severe damage to community

17 https://data.wvgis.wvu.edu/pub/RA/State/CL/Landslide/Reports/Climate/climate_landslide_report.pdf
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spaces, schools, and businesses. According to a
study from Scioto Analysis, the cost of dealing
with these changes will add up to about $6
billion for Ohio communities by the middle of
the century for projects such as road repairs,
updating water treatment plants, and other
infrastructure needs (Kasler, 2022).

Precipitation Variability and Drought

While precipitation is expected to increase
overall in the basin, precipitation patterns are
also expected to become more variable (Ashfaq
et al., 2016) and many parts of the basin are
expected to face periods of drought (Wilson et
al., 2023). This variability between heavy rains
and droughts could have major consequences
for the region (Drum et al., 2017). For example,
alternating periods of flooding and drought
have impacts on agriculture (an important
industry and food source), such as reduced crop
yields and decreased animal production (Wilson
etal., 2023, p. 7).

Drought also affects electricity production in
the basin. Thermoelectric plants need cooling
water, which comes from nearby water bodies
and turns steam back into water so it can
produce more electricity (Natural Resources
Defense Council, 2014). Currently, more than
three-quarters of water withdrawals in the basin
are for thermoelectric plants (Drum et al., 2017;
Miara et al., 2013). Water shortages and lower
flows could affect these plants’ ability to
function. For hydroelectric reservoirs, changes
in precipitation affect both the amount of water
available to use and the reservoir’s ability to
store it. Higher reservoir inflows in winter and
lower inflows in summer are a concern for

eastern reservoirs, most of which have limited
storage capacity (Naz et al., 2018).

Temperature Changes

While increased precipitation later in the year
may help moderate extreme temperatures in the
summer (Ashfaq et al., 2016), the region is
expected to face warming temperatures,
especially in winter (Ashfaq et al., 2016; Kao et
al., 2016). For agriculture, rising temperatures
can bring challenges related to the timing of
crops and where they can be grown (Wilson et
al., 2023, p. 8). Warmer air and water can also
make it easier for invasive species to survive and
spread, threatening crops, wildlife, and other
natural resources that provide services to the
basin’s communities every day (Wilson et al.,
2023, p. 26). Warming weather patterns may
expand or change the range for pathogens, as
well as impact host-pathogen interactions that
can impact susceptibility to disease.'® Weed
communities and their management may also
change (Munda, S. et al., 2024).*

The basin also faces higher water temperatures
in its rivers, along with less water flowing in the
summer (van Vliet et al., 2013). These changes
can harm water quality. For example, higher
water temperatures are expected to result in
more harmful algal blooms, which thrive in
warmer water (Paerl & Huisman, 2008) and can
make people sick. These water quality problems
can have major health and financial
implications for the basin’s communities. For
example, from August to October 2016, more
than 650 miles of the Ohio River recorded a
toxic cyanobacterial bloom that affected the
water supply for S million people (U.S.

18 Singh, B.K., Delgado-Baquerizo, M., Egidi, E. et al. Climate change impacts on plant pathogens, food security and paths forward.
Nat Rev Microbiol 21, 640-656 (2023). https://doi.org/10.1038/s41579-023-00900-7

19 Understanding the Effects of Changing Climate on Weeds and Their Management. In: Pathak, H., Chatterjee, D., Saha, S., Das, B.
(eds) Climate Change Impacts on Soil-Plant-Atmosphere Continuum. Advances in Global Change Research, vol 78. Springer,

Singapore. https://doi.org/10.1007/978-981-99-7935-6_15
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Geological Survey, 2017). Extra treatment costs
were estimated at $2 million, based on a survey
of utilities conducted by ORSANCO
(Arenschield, 2015; Neitch et al., 2022).

Higher temperatures in lakes will change
natural cycles of stratification phenology: ice
(coldest) on top in winter, warmer liquid water
on bottom; warm water on top in summer,
cooler water on bottom; and mixing of the water
when the conditions swap. The ecosystem of
lakes is strongly controlled by stratification
phenology. For example, the likelihood of
harmful algal blooms with related fish kills may
change with changing phenology (Woolway,
R.I, Sharma, S., Weyhenmeyer, G.A. et al.).?°
Further, navigation dams create lakes
(reservoirs) where higher temperatures will
impact water quality factors, such as dissolved
oxygen. The impacted quality of water released
from the dam, and subsequent dams in the
“reservoir cascade” will likewise impact
downstream water quality.

Nonetheless, the basin is projected to
experience less extreme change in temperature
than other areas of the country and the world
(Intergovernmental Panel on Climate Change,
2021). However, building the basin’s resilience to
challenges worsened by changing weather
patterns will be a critical step in helping the
basin benefit from potential opportunities in
the future.

RECOMMENDATIONS#!

Practices that consider how changing weather
patterns affect the challenges the basin is facing
will be crucial to the basin’s resilience. To be
most effective, these practices will require
widespread education and dissemination.

Wherever possible, decision-makers should
employ strategies that have multiple
co-benefits.

Responding to any of these changes requires
multifaceted support. For example, state and
local governments often operate independently,
and agencies and jurisdictions are not always
able to communicate sufficiently. This makes it
more difficult to wisely use shared resources.
More cooperation, collaboration, and long-term
commitment across jurisdictions, state and
local governments, and local service providers
(such as extension offices, farm service agencies,
and soil and water conservation districts) will
be crucial in building resilience and mitigating
future impacts from changing weather patterns.
In addition, not all people and communities will
experience these impacts in the same ways.
Identifying communities that have been most
impacted by severe weather, flooding, and other
impacts should be a key consideration in
vulnerability assessments and restoration
planning to enhance resilience and ensure the
investment of resources in communities that
will face the most serious impacts.

Recommendations for effective strategies
include:

- Invest in strategic restoration. Ecosystem
restoration, landscape strategies, and green
infrastructure that uses plants and nature-
based solutions to manage water resources
can help build resilience to various challenges
facing the region, including those amplified
by changing weather patterns. Investing
strategically in ecological restoration that
promotes clean water and healthy ecosystems
has a range of co-benefits. These co-benefits
include capturing and storing carbon,

20 Phenological shifts in lake stratification under climate change. Nat Commun 12, 2318 (2021). https://doi.org/10.1038/s41467-021-

22657-4
21 Text box source: (Frank, 2023).
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providing opportunities for recreation,
reducing flooding, decreasing erosion and soil
loss, and improving overall quality of life. One
example of a strategy with multiple
co-benefits is alley cropping, an agroforestry
system that involves growing crops in the
spaces between rows of trees. This method
helps to slow erosion and build soil while still
providing income and food production on
farms. Another example is creating and
maintaining riparian buffers (Sudduth et al.,
2007). Restoring riparian buffers provides a
range of benefits, including preventing
fertilizer from entering waterways, reducing
stream temperatures by shading water,
stabilizing banks to reduce soil erosion,
storing carbon, and providing habitat for local
wildlife (LeBlanc & Brown, 2000).

Plan for sustainable use (withdrawals,
transfers, banking, and consumption) of
water resources within and beyond the
Ohio River Basin. Water in the Ohio River
Basin is used for a range of purposes,
including drinking, electricity production,
energy extraction, industrial processes,
agriculture, and recreation. It is critical to
develop a coordinated, basinwide plan that
incorporates projected changes to water
resources and needs. For example, population
growth and changing temperatures and
precipitation patterns will impact how much
water is needed for agricultural production. In
periods of drought, more water is needed for
irrigation. In addition to developing
thoughtful strategies for dealing with water
use and consumption, watershed
management activities—such as creating
wetlands on the inner edge of the floodplain
(i.e., bankfull wetlands)—can offload flows
during rain events, helping to sustain
minimum flows required for water
withdrawals during droughts. Local water
supplies may be augmented by measures that
adjust where and when available water is
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distributed, such as increasing reservoir
storage capacity, conduiting inter-watershed
water transfers, and using managed aquifer
recharge. These measures allow surplus water
to be stored for later use or redistributed to
meet demand. Better information on the
timing and amounts of water transfers may be
needed (Eastern Research Group et al., 2015).
A critical first step is developing hydrologic
models to understand the water budget at the
watershed scale and examining the scenarios
of future impacts of changing weather
patterns on water quantity and quality.
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“Many residents discussed the benefits of nature-
based infrastructure, also called green infras-
tructure, for communities throughout the region
to prepare for and adapt to impacts from climate
change, such as flooding. Examples of these
projects include rain gardens, bioswales,
permeable pavement, and urban tree canopies.
These projects can be implemented in both urban
and rural areas to help filter stormwater runoff
and prevent flooding, while also improving

habitats for native species. In several communities,

residents wanted their local wastewater utilities
to embrace more natural solutions to deal with
stormwater issues (as opposed to manmade
structures such as massive underground holding
tanks).” — Community Priorities for Ohio River
Basin Restoration and Protection (2024)

+ Use data to inform infrastructure planning
and development. A mix of nature-based
solutions, green infrastructure, and
conventional “gray” infrastructure can build
resilience to current and future flooding and
drought, as can collaborative social networks
that provide cross-jurisdictional collaboration
and mutual aid. Strategic practices should
lessen the ecological and economic damage to
human communities and the ecosystem that
they inhabit, while protecting sources of
abundant and clean fresh water.

+ Use education and knowledge-sharing to
promote widespread adoption of
mitigation, resilience, and adaptation
measures that provide ecosystem services
with mutual benefits. Widespread adoption
of landscape practices to slow runoff and
increase absorption of precipitation would
have multiple benefits, including carbon
sinking, reduced flooding, and improved soil
health. Such efforts will require widespread
education and outreach, with the associated
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funding to enable meaningful implementation
and outcomes. Providing education and
technical assistance to water resource
managers, city and county planners, and local
technical service providers on best
management practices is an important step in
advancing these measures. It also will be
important for renewable and sustainable
energy development in the region to be
planned and sited to support healthy
communities, water resources, and abundant
fish and wildlife populations.

« Identify climate related vulnerabilities and
hazards and develop a prioritization
approach that is community-focused,
equitable, and science-based. The most
effective resilience measures are supported by
ongoing research to quantify effects of
changing weather patterns on habitats,
organisms, and communities. Scientific data
are needed to appropriately direct the
priorities and implementation of the strategic
plan.

CLIMATE RESEARCH NEEDS

Additional research would help fill knowledge
gaps and provide data to inform effective
planning and implementation of resilience
strategies. This research includes:

 Integrating monitoring and data hosting of
water temperature and dissolved oxygen
monitoring data in water bodies and rivers of
the Ohio and Tennessee River basins. The
USGS NorEaST effort previously assembled
data from state environmental agencies, Ohio
River Valley Water Sanitation Commission,
the Tennessee Valley Authority (TVA), USGS,
USACE, utilities, Tribes, and other entities,
but this effort was discontinued. Projections of
future temperature require historical data to
develop a baseline scenario.

» Research to represent and model thermal and
dissolved oxygen effects on reservoir

59



phenology. Data to support this research
would include operational data for linked
reservoir cascades and tributaries, which are
operated in a coordinated way to manage
downstream water quality.

Research informing connectivity to support
aquatic biota, allowing species to track
upstream and migrate northward along river
networks (Lawler et al., 2013).

Research and funding to support siting,
design, and operation of effective passage
facilities and programs (e.g., translocation) to
improve connectivity.

Research on how changes in weather patterns
could affect the spread of invasive, non-native
species.

Projects demonstrating nature-based
solutions that capture co-benefits and
characterize extreme weather resilience.
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2.9 COMMUNITIES IMPACTED BY POLLUTION AND ENVIRONMENTAL HARM

INTRODUCTION

The Ohio River Basin is home to many
hard-working residents who make up the
region’s vibrant communities and contribute to
its robust economy. All residents deserve to live,
learn, work, and recreate in clean, healthy
environments. However, some of the basin’s
residents experience disproportionate
environmental harm and exposure to pollution,
posing additional risks to their health and
quality of life. Communities that most often
bear the burden of pollution include low-income
communities. Understanding the problems
these communities experience is crucial to
creating a safe, healthy, prosperous future for
all.

WHAT ARE ENVIRONMENTAL INJUSTICES?

“The disproportionate placement of hazardous
waste disposal and environmental contamination
near low-income communities or communities of
color that has negative health effects on these
populations. Other injustices impacting these
communities include unequal access to clean
drinking water, lack of funds and on-the-ground
support, increased flood risk, and affordable
housing.” — Community Priorities for Ohio River
Basin Restoration and Protection (2024)

THE PROBLEM

In the Ohio River Basin, some communities
have historically experienced more harm from
pollution and other environmental hazards
than others. These individuals and groups face
disproportionate environmental impacts, such
as sewage contamination that limits using
rivers and streams for recreation (Ohio
Department of Health et al., 2013), toxic
pollution that contaminates fish and drinking
water supplies, and destructive flooding from
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extreme storms (Wing et al., 2022).

Environmental Harms: Who Is Most at Risk?
A variety of factors can contribute to some
people and groups being disproportionately
exposed to environmental harms—such as
pollution, water contamination, and flooding—
and having greater difficulty recovering from or
responding to harm.

“People understand that everyone deserves clean,
safe, and affordable water. Yet there are some
communities that are impacted more than others—
and people at the listening sessions believe that
communities that have been harmed by pollution
deserve to be prioritized when it comes to
cleanup. For example, some rural communities
have been devastated by mine waste polluting
local streams. Some neighborhoods are located
near a toxic Superfund site. Other cities and
towns face severe flooding. Many people at the
listening sessions discussed poor communities
that still lack access to treated water, as well as
water sanitation services: For example, straight
pipes delivering human waste directly from a
home into a local water source. People in the
listening sessions support the value that people of
all backgrounds deserve access to clean water—
and federal restoration investments should
prioritize the people most impacted by pollution
and harm.” — Community Priorities for Ohio
River Basin Restoration and Protection (2024)

Location

Some people are more at risk than others from
environmental harms due to where they live.
For example, there are 146 Superfund sites in
the Ohio River Basin (U.S. Environmental
Protection Agency, 2024). Superfund sites are
locations that have been heavily contaminated

61



with hazardous and toxic waste (U.S.
Environmental Protection Agency, n.d.-g).
Communities near these sites may have unsafe
drinking water (U.S. Environmental Protection
Agency, n.d.-b). A recent study found shorter life
expectancies among those living near a
Superfund site (Kiaghadi et al., 2021). In
addition, pollution concerns around Superfund
sites could be worsened by the long-term
changes in temperature and precipitation
expected for the basin (Dearen et al., 2017; U.S.
Government Accountability Office, 2021). An
Associated Press report found that 16 Superfund
sites in Ohio, Kentucky, and West Virginia were
in floodplains, where increasing extreme rain
and flooding could spread pollution,
threatening the health of people and
communities (Kanik, 2018).

Communities located near mine sites are also at
risk. Previously unregulated coal mining has
led to contamination in the Ohio River Basin
(Bauers, 2005). Mine waste elevates the acidity
in streams and rivers, driving out aquatic life,
curtailing recreation, contaminating drinking
water, and threatening infrastructure, such as
bridges (U.S. Geological Survey, 2018; U.S.
Government Accountability Office, 2020). A
comprehensive inventory of abandoned mines
in the Ohio River Basin is needed to better serve
the surrounding communities (see Section 2.4).

Geography also plays an important role in
determining who has access to—or does not
have access to—clean, safe, and affordable
drinking water; sanitation services; and
recreational opportunities. There are many
communities located in mountainous, hard-to-
reach areas in the Ohio River Basin that do not
have traditional connected infrastructure
(Maxcy-Brown et al., 2021). For example, rural
communities that rely on private groundwater
wells for drinking water supplies need to test
their own well water for nitrate—a pollutant
found in animal manure, human sewage from
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inadequate sanitation, and fertilizers
(DeSimone et al., 2009). Consuming excessive
nitrates can lead to health impacts, such as
blood pressure and heart rate problems,
increased risk of certain cancers, and
reproductive challenges (Agency for Toxic
Substances and Disease Registry, 2017).

Demographics and Access to Resources
People and groups who have less access to
resources—such as low-income households,
rural communities, and some communities of
color—are often more exposed to environmental
harms. At the same time, they tend to have
fewer resources to respond to these harms.

For example, coal ash disposal sites in the Ohio
River Basin are more likely to affect low-income
communities, according to a study by the Union
of Concerned Scientists and Ohio River Valley
Institute (J. Richardson et al., 2021). At 33 of the
57 coal-fired power plants in Ohio River Basin
states, the surrounding community is
considered low-income. Coal ash, the byproduct
of coal-burning power plants, contains
contaminants—such as mercury, cadmium, and
arsenic—that can threaten community health if
they enter local water supplies (Russ et al., 2019).
Coal ash contamination in the Ohio River Basin
has disproportionately affected low-income
communities that lack critical resources, such
as access to drinking water testing beyond
regulatory requirements, adequate medical
care, and legal assistance (J. Richardson et al.,
2021).

Water pollution also poses major risks for
low-income communities. At the community
level, there are limited resources to tackle large,
complex problems, such as cleaning up toxic
contamination, addressing combined sewer
overflows, or building new water infrastructure
(Fedinick et al., 2019). At the individual or
household level, those who live in poverty or
near the poverty line can find it difficult to pay
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Figure 4. Social vulnerability in the Ohio River Basin

One measure of a community’s risk from environmental hazards is the CDC’s Social Vulnerability
Index, which shows vulnerability based on census tract data across four categories:
socioeconomic status, household composition, race/ethnicity/language, and housing/
transportation (CDC, 2018a).

This figure shows social vulnerability in the eastern United States, including the Ohio River Basin
(not marked). Darker blue represents higher vulnerability, while lighter shades represent lower
vulnerability. A large fraction of counties in the region are in the higher vulnerability percentiles.

for water services, let alone afford costly repairs In addition, the increasingly frequent and

like replacing lead service lines or an intense rainstorms expected for the region
inadequate onsite sewage disposal system (often  (Drum et al., 2017) will put communities with
referred to as a septic system). The Ohio River fewer resources especially at risk. These storms
Basin has a large share of people living at or flood homes and neighborhoods, spread

below the poverty line (Cromer & Draper, 2020; contaminants in floodwaters, and threaten
Howell & Elliott, 2018; Shaefer et al., 2020). property and lives (see Section 2.9). Having
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fewer resources makes it more difficult to councils that are funded, meet regularly, and
recover from flood impacts. have an audience with federal agency staff
who are making restoration decisions.

+ Ensure that communities are receiving the

“Residents continually brought up their lack of data they need to inform an effective

voice in decision-making, including the adaptive management framework that
regulatory sector, and requested more input on prioritizes the health and well-being of
permitting projects and increased protection affected communities. Communities need
for wetlands and waterways. Proper and access to the research conducted by local
thorough notification of community members universities, research institutions, and state
within the decision-making process was a and federal agencies to characterize key issues
repeated theme.” — Community Priorities for communities face and find steps to resolution.
Ohio River Basin Restoration and Protection (2024) Community members and local stakeholders

should receive reports on Ohio River Basin
restoration and protection progress,

RECOMMENDATIONS challenges, and opportunities to make

To best ensure that everyone in the Ohio River collaborative decisions. It is important to
Basin has access to clean, safe water and ensure transparency in decision-making,
healthy environments, restoration and planning, and implementation of federal
protection strategies should prioritize investments, and to address problems with
communities that have been harmed the most up-to-date, relevant information. Agencies
by pollution. Recommendations for effective also need sufficient capacity to effectively
strategies to confront and reverse engage with Tribes and areas that have been
environmental injustices in the Ohio River most affected by environmental harm.

Basin include:

- Ensure that communities most affected by

pollution and environmental harm have a “Both urban and rural residents want to see
voice in decisions that impact them. Efforts federal investments in workforce development,
to protect and restore the Ohio River Basin job training, and technical assistance to ensure

that local people have the skills and know-how to
take advantage of this opportunity so that they
can do the work to restore and protect local
waters. This includes training for jobs that
support the long-term operations and
maintenance of projects, such as water treatment

need input from local communities to inform
the process. Gathering input will require a
robust, well-funded, long-term community
engagement process that strives for diverse
participation in decision-making and
prioritizes outreach to people who have not
always had a seat at the table. To be most systems to remediate acid mine drainage.” —
effective, community involvement requires Community Priorities for Ohio River Basin
planning and investing in public engagement ~ Restoration and Protection (2024)

before decisions are made and working with
communities throughout the process; seeking

public input through channels that « Provide the tools and assistance to help
community members can access; and affected communities participate in
supporting local community advisory federal, state, local, and regional
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restoration efforts. Community engagement
also includes providing access to resources so
that communities affected by pollution and
environmental harm have the tools to
participate in restoration actions. Resources
can include technical assistance to help
communities compete for federal grants to
implement local projects, engagement with
local or regional colleges and universities
including participatory science, and job
training programs to ensure that local
businesses and workers can benefit from
federal investments and the regional
recreational economy.

“Residents overwhelmingly think that
investments to restore local waters must be
paired with efforts to prevent further pollution.
Toxic PFAS contamination is front of mind for
many communities. Listening session
participants brought up the February 2023 train
derailment in East Palestine, Ohio, as an example
of both the threat to local waters and the fact that
companies are not doing enough to prevent new
pollution. Among many residents, there is a sense
that the country needs stronger clean water
protections and enforcement of those protections
to maintain clean and safe drinking water and to
protect the health of people.” — Community
Priorities for Ohio River Basin Restoration and
Protection (2024)

» Tackle the biggest problems firstin
communities most affected by pollution.
Information at various levels of government
can help focus clean water investments in the
Ohio River Basin to help the communities
most in need. However, challenges exist,
including data gaps and a lack of mechanisms
to coordinate regional information and
communicate with communities in need. To
help communities most efficiently and
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effectively, it will be important to support the
development and refinement of decision-
making tools, as well as tools for ongoing
monitoring and evaluation. This effort
includes developing maps and data to support
prioritization using existing tools, ensuring
screening tools account for water pollution
threats and challenges (not just air pollution),
and supporting community science and data
collection.

Prevent further harm to communities
already affected by pollution and
environmental degradation. A combination
of stronger enforcement of existing clean
water protections already on the books and
increased investments to improve inadequate
infrastructure are key to preventing future
pollution. This effort includes providing
federal investments in the form of grants to
improve drinking water and wastewater,
stormwater, and flood protection
infrastructure, as well as protecting source
waters. Efforts to prevent future pollution
introduction are also important to alleviate
burdens on local water utilities. These efforts
can be facilitated through an emphasis on
industrial pretreatment requirements,
technologies and investment. Improving
enforcement of existing environmental
regulations could also deter polluters in the
Ohio River Basin.

Ensure that water-based recreational
opportunities are accessible, and that
water quality supports recreation as an
economic development driver. A
coordinated and comprehensive approach to
assess, develop, and connect recreation
infrastructure will provide critical quality of
life and economic development benefits that
will build support for restoration initiatives
and add significant value to restoration
projects (Whitaker, 2023). This effort involves
mapping areas that currently lack sufficient or
safe recreation access and developing targeted
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programs to increase access in underserved
areas. It also includes mapping areas that are
not supporting safe fish consumption and
swimming and identifying and implementing
measures to mitigate this harm.Resources will
be needed to develop and implement easily
accessible physical and digital platforms with
real-time or close-to-real-time information
and warnings to better inform the public
about safe conditions for water-based
recreation. Information and warnings must be
clearly communicated, including with clear
visual symbols and in the multiple languages
spoken by local communities.

Consider the unintended impacts of
restoration actions on communities. The
beneficial impacts of restoration and
protection activities, such as cleaner water
and more access to recreation, are crucial
parts of community resilience. However, it is
important to also consider how these actions
might affect the local community in
unintended ways, and provide solutions where
needed. For instance, cleaning up the
environment and improving natural resources
can increase desirability and local property
values, thereby attracting wealthier buyers
and displacing lower-income residents
(Anguelovski et al., 2022). Strategies to prevent
the displacement of long-term residents
include scaling restoration projects
appropriately to the neighborhood or
community; training, certifying, and hiring
local residents to install, monitor, and
maintain projects; designing the planning
process with the communities and making
participation in events as easy as possible; and
including metrics to measure project success
that prioritize the needs of local and long-term
residents.
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“People know that federal investment can be a
game-changer in the effort to boost local
economies, as well as attract and retain people in
local communities. They do not want outside
contractors coming in to do the work and then
leaving. They want programs whose investments
benefit the community for the short- and
long-term.” — Community Priorities for Ohio
River Basin Restoration and Protection (2024)

- Ensure that local workers and businesses
benefit from federal restoration
investments. People should benefit from
action happening in their own communities.
In addition to involving communities in
decision-making to inform initiatives and help
avoid unintended harm, decision-makers
should ensure that the local workforce has the
resources and capacity to take on restoration
activities and increase the community’s
ability to deliver the necessary training and
mentoring. Building all levels of “green” jobs
within communities will help support
opportunities for local workers.
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SECTION 3: FROM PLANNING TO ACTION

The Ohio River Basin is an interconnected
hydrologic system that crosses many
jurisdictional boundaries. A train derailment
along Sulphur Run creek in Ohio northwest of
Pittsburgh threatens water supplies in
Covington, Kentucky. An extreme weather event
in North Carolina closes 140 at the Tennessee
border for an indefinite period, sending big rigs
through the winding roads of the Great Smoky
Mountains National Park impacting recreation
as well as transportation. Invasive carp in the
lower Ohio River threaten ecosystems, fishing,
and other recreation throughout all basin states.
Flood mitigation in one portion of the basin,
without considering basin-wide hydrology, may
impact flooding in other parts of the basin.
Nutrient runoff from one state may result in
harmful algal blooms impacting water supplies
and recreation for multiple states. The waters of
the Ohio River Basin are all connected, but
authoritative basinwide coordination to address
diverse challenges is lacking. Having arisen as a
basinwide grassroots effort, this plan recognizes
a critical first action needed across each of the
goals: establish funded coordination among
states, federal agencies, Tribes, and other
organizations with vested interests so that they
can clarify the financial magnitude of the
challenges - from invasive species to drought
mitigation - that need to be addressed, and
coordinate equitable prioritization of the most
urgent needs for which existing federal funding
and programs is inadequate and that will be
benefited by a targeted federal Ohio River Basin
ecological restoration initiative.

Any plan, at its core, is a means to harness ideas
and data to solve problems. The Ohio River
Basin Restoration and Protection Plan will
improve lives and protect the health of the Ohio
River Basin only if it is used to promote
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investment in communities and data-driven
restoration efforts. Ensuring this investment is
effective requires not only strategic
expenditures but also coordination with and
among the people who know the basin best.
This section focuses on elements that are
essential for putting this plan into action:
investing in manageable solutions
commensurate with regional need; coordinating
efforts at a regional scale; supporting local,
state, and Tribal clean water priorities; engaging
communities; preventing further harm;
building workforce capacity and leveraging
other benefits; and supporting research, data,
and monitoring. Each of these elements is
discussed in further detail below.

3.1 INVESTING IN SOLUTIONS
COMMENSURATE WITH REGIONAL
NEED

The USACE, ORBA, and ORSANCO Plan for the
Ohio River Basin—2020-2025 set out to initiate
a federal geographic program for the restoration
of the Ohio River Basin appropriate to the needs
identified by the states and EPA, in
collaboration with the region’s states, Tribes,
federal agencies, conservation organizations,
and other stakeholders. This report attempts to
identify those needs.

Successfully implementing a regional water
restoration and protection plan at the scale
needed for the Ohio River Basin will require
investments in several areas. These investments
include:

» Afederal regional coordinating entity that can
set a state-vetted regional strategy, coordinate
work, distribute funding, and assess results
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and outcomes. This entity can include an Ohio
River Basin National Program Office modeled
on other large-scale ecosystem restoration
region-coordinating bodies. This includes
coordination with and financial support for
Ohio River Basin state agencies, which have
primacy to implement the Clean Water Act
and Safe Drinking Water Act and will need
significant investment to fund activities to
assist with this restoration and protection
plan.

- Community engagement to ensure that
restoration and protection priorities are
community driven as well as grounded in
science. This effort can include funded
community engagement councils.

» Research, data, and monitoring to understand
and set restoration priorities, assess progress,
and inform adaptive management decision-
making. This effort includes coordination
with and financial support for ORSANCO, the
interstate water quality commission for the
Ohio River Basin, to facilitate the collaborative
activities of its member state agencies and
other partners, including colleges and
universities in the basin states.

» Local, state, and Tribal projects that help
advance clean water goals. Projects can
include the restoration of fish and wildlife
habitat, cleanup of toxic pollution, and
management of invasive species.

« Workforce development and job training
initiatives to ensure that local residents have
the opportunity to participate in the water
restoration economy to support and grow local
economies in cities and towns across the
region.

The strategic restoration actions identified in
this report will take time to implement and
entail a significant investment. For some areas
of need, such as drinking water and wastewater
infrastructure, every state in the country
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provides data to EPA, thereby documenting
state needs to meet state water quality goals.

The most recent Clean Watersheds Needs
Survey and Drinking Water Infrastructure
Needs Survey and Assessment include at least
$109 billion of needed investment in clean water
and drinking water infrastructure in the region.

Assessing the needed investment to address
other clean water challenges is not as cut and
dry and is still an ongoing process. While
capacity and resource limitations prevent the
authors of this report from putting an exact
dollar figure on the cost of implementing this
plan fully, there are a few assumptions that one
can make, based on the ongoing efforts to
restore and protection other large aquatic
landscapes across the country: 1) Ohio River
Basin restoration will take years to achieve;

2) the solutions called for in this report are
manageable and being carried out by local and
state partners; 3) scaling up actions across the
basin will entail a significant long-term federal
investment; and 4) the cost of implementing
this plan will only increase the longer it takes to
get started.

Available data highlights unequivocally that the
Ohio River Basin faces serious threats that will
be impossible to address without additional
federal resources. Establishing a federal
program dedicated to funding the restoration
and protection of waters of the Ohio River Basin,
based on the successful track record of other
federal ecosystem restoration efforts across the
country, is a vital first step in accelerating
progress so that the region can protect local
drinking water, safeguard public health,
support outdoor recreation opportunities, and
create strong local economies.
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3.2 COORDINATING EFFORTS AND
RESOURCES AT A BASINWIDE SCALE

The successful implementation of a regional
Ohio River Basin restoration and protection
initiative will require strategic management,
coordination, and direction to make the
program and its on-the-ground investments as
efficient and effective as possible. The strategy
recommends creating a regional coordinating
body that nurtures partnerships, collaboration,
and results-oriented action throughout the
region.

The region has a history of collaborative
conservation and water resource management.
In 1948, well before the passage of many of the
country’s landmark environmental laws, the
residents of the Ohio River Basin rallied around
the protection of the Ohio River and its
interconnected waters and formed ORSANCO.??
The eight states of ORSANCO are Illinois,
Indiana, Kentucky, New York, Ohio,
Pennsylvania, Virginia, and West Virginia. The
eight-state compact that formed ORSANCO still
exists today, upholding its mission to treat the
region’s water resources and the Ohio River
itself as a series of interconnected waters that
need to be sustainably managed now and into
the future.

Oversight of a regional restoration and
protection initiative for the Ohio River Basin
must adhere to a similar vision of regional
collaboration and sustainable management.

Creating one coordinating body —a national
program office for the Ohio River Basin — will be
essential to manage strategic restoration actions
across the vast geography. Responsibilities of

such a coordinating entity include:

+ Providing regional oversight, including
distributing funding; aligning local, state,
Tribal, and federal restoration priorities; and
providing fiscal responsibility and
accountability.

+ Guiding strategic planning, including
establishing and refining strategic plans in
coordination with local and state agencies,
setting up adaptive management processes,
and prioritizing restoration projects and
investments.

+ Fostering collaboration and
communication, including engaging and
coordinating stakeholders, delivering
information to stakeholders, and reporting
progress and outcomes. With a region this
vast, the ability to encourage collaboration,
not competition, among states and among
state and federal agencies is imperative.

+ Demonstrating leadership, including
identifying and monitoring challenges or
obstacles, as well as providing or coordinating
scientific expertise and technical guidance
and assistance to stakeholders to encourage
broad participation and engagement in
restoration actions.

+ Measuring progress, including defining
performance measures to assess program
goals, conducting or coordinating research
and monitoring, and managing regional data
to monitor results and assess progress.

« Managing the program, including
conducting effective oversight; allocating
federal investments across federal agencies,
state agencies, and university partners; and
distributing competitive grants across the
Ohio River Basin.

22 Peter A. Tennant, and Samuel A. Dinkins. “ORSANCO: Sixty-Six Years of Collaborative Management of Water Quality.” Water
Resources IMPACT, vol. 16, no. 5, 2014, pp. 7-9. JSTOR, https://www.jstor.org/stable/wateresoimpa.16.5.0007. Accessed 1 Aug.

2024
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Several of the above recommendations stem
from a 2022 federal assessment of EPA’s
management of regional geographic restoration
programs and national estuary programs. That
assessment identified several lessons learned
for the successful management of large aquatic
restoration initiatives (U.S. Environmental
Protection Agency, 2022a).

The authors of this report are not
recommending a specific entity to lead an Ohio
River Basin National Program Office. We do
emphasize the need for the coordinating entity
to work collaboratively and skillfully with the
states; Tribes; ORSANCO and Appalachian
Regional Commission; federal agencies; and
other stakeholders, including local
communities, academic institutions, and
non-governmental organizations, all of whom
have an important role to play in successfully
carrying out the goals of this plan.

3.3 SUPPORTING TRIBAL
CONSERVATION AND CLEAN WATER
PRIORITIES

The United States federal government per its
trust and treaty responsibility to Tribal Nations
has an obligation to protect Tribal resources
which include waters within the Ohio River
Basin. Tribal conservation and clean water goals
need to be prioritized in federal ecosystem
restoration and protection actions. The
importance of thorough Tribal engagement
throughout the planning and implementation
process is essential to honor Tribal sovereignty
and to elevate Indigenous stewardship.
Supporting Tribal priorities means providing
robust investment in those priorities, as well as
support for legislative and policy solutions that
advance Tribal goals. This also includes, but is
not limited to, integrating Indigenous land,
water, and species management practices, often
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referred to as traditional ecological knowledge,
into regional management strategies, as well as
supporting cultural, educational, historical, and
environmental priorities of federally recognized
Tribal Nations in the Ohio River Basin and those
with ancestral ties to the region in subsequent
and evolving versions of this regional strategy.

3.4 ENGAGING COMMUNITIES IN
SOLUTIONS

This plan’s contributing authors emphasized
the need to establish a mechanism to
communicate with communities—to learn from
them, understand their needs, and provide the
necessary data and information to help them
make critical decisions to improve the health of
the river system.

People affected by challenges in the Ohio River
Basin should have a say in solutions. To that
end, Ohio River Basin communities should help
design engagement mechanisms, and they
should be equipped with resources to actively
participate. Community engagement will be
integral in getting this plan to action in the
coming years and is considered the foundation
for all other efforts.

During regional listening sessions, community
members and other basin stakeholders
recommended the following engagement
strategies:

+ Support more formal and well-resourced
community advisory councils in rural and
urban communities with access to
information to help set clean water goals and
hold both restoration administrators and
elected officials accountable.

« Employ a peer-to-peer rather than “expert
lecturer” approach to outreach and
engagement to show the value of stakeholders’
knowledge, concerns, and opinions. Support
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community-based organizations to help lead
outreach and education. Fostering intrastate
and interstate collaboration between
downstream and upstream communities, as
well as between cities and towns, can build
trust, unite the region, and facilitate the
development of shared solutions.

« Make environmental data publicly available
and easily accessible (e.g., through a
centralized data collection and distribution
scheme).

« Support citizen science and reporting to not
only encourage community engagement and
stewardship but to also increase capacity for
monitoring and local research.

One of the most valuable anticipated outcomes
of any type of public engagement is increased
awareness and stewardship of a resource.
Another way to increase stewardship is to
demonstrate that protecting or restoring a
resource can provide tangible community and
personal benefits without exacerbating
problems.

3.5 PREVENTING ADDITIONAL HARM
AND BURDEN

The main goal of this report is to provide a case
statement demonstrating the investment
needed to address serious threats to the
interconnected waters that millions of people in
the region depend on for their drinking water,
health, jobs, and quality of life. To that end,
many of the recommendations contained herein
involve focused and strategic funding priorities.
To maximize the efficiency and effectiveness of
restoration actions, accelerate progress toward
clean water and healthy ecosystem goals, and
ensure that progress is not undermined
unintentionally, it will be essential to pair
strategic investment decisions with strategic
policy priorities. As the region’s stakeholders
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unite in an effort to reverse decades of
environmental harm and health-threatening
pollution, it will be prudent to curtail any new
threats to water resources.

The authors of this plan strongly support
actions to prevent new pollution and
environmental harm, including unintentional
harm. This recommendation is similarly
supported by residents of the region who
participated in community listening sessions.

Actions to curtail further contamination can
entail a number of strategies: enforcing state
and federal pollution laws, strengthening clean
water protections to include the many
chemicals being manufactured that currently
are not regulated (e.g., the recent effort to set
drinking water standards for toxic PFAS
chemicals), increasing the monitoring of local
waterways by investing in additional
monitoring equipment and frequency,
supporting research to understand the
environmental transport and toxicology of
industrial effluents, and increasing capacity of
state and federal agency staff. Actions could
also encourage industries to pursue pollution
prevention — cost-effective (profitable) changes
in materials or processes that reduce or
eliminate waste.

The failure to update and enforce clean water
protections threatens to not only undermine
restoration progress (e.g., investing in wetland
restoration while allowing wetlands to be filled
and destroyed), but also jeopardizes public
health, restricts outdoor recreation activities,
and suppresses economic growth. Prevention of
new pollution and environmental harm can also
be supported through strategic investments in
research and education, monitoring, data
collection, and effective adaptive management.
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3.6 SUPPORTING RESIDENTS AND
HOMEOWNERS

The people of the Ohio River Basin face many
hardships that are directly related to the
challenges described in this plan, such as
health-threatening pollution and a lack of
access to recreational opportunities. This plan
attempts to address many of these challenges
directly while also acknowledging and
attempting to address challenges that may not
readily be connected to restoration actions. For
example, residents who participated in
community listening sessions expressed
concern about the cost of housing (both for
homeowners and renters) and about costs to
maintain and repair private wells, home lead
pipes, and septic systems. Requiring upgrades
or repairs without any homeowner assistance
can create, and has created, untenable financial
burdens for people, especially those in
low-income communities. Targeting restoration
strategies and actions to low-income
communities and to residents themselves will
be important to ensure that all residents have
access to clean, safe, and affordable water. Even
when residents are served by public
infrastructure, it is critical to keep rates
reasonable and within the financial capability
of the ratepayers.

Finding and keeping affordable housing that is
near jobs, schools, and family is becoming
harder and harder for many people. Small
businesses struggle with rents and maintaining
customer bases. During plan implementation,
the benefits of environmental investment must
be constantly weighed against the unintended
negative impacts these investments might
cause. Projects that provide additional open

space, restore a river, or even plant trees can
cause property values to rise as neighborhoods
become more desirable. This in turn increases
property taxes and rents for local residents,
which can displace longtime residents to areas
that are farther away and often less desirable.
As residents move out and new people move in,
local businesses can often struggle to serve the
new arrivals, as they may have different ideas
about culture, food, or retail offerings. Based on
accepted indicators of high displacement
risk(median household income, percent renters,
percent college-educated, and percent
nonwhite),many urban communities in the
Ohio River Basin are vulnerable to displacement
and other gentrification outcomes.??

These outcomes can be avoided by making
holistic choices about scale and placement of
projects and investments. Involving local
community members in the decision-making
process from the outset will help foster trust,
allow community priorities to be set by the
people who are most affected by decisions, and
lead to collaborative and consensus-based
decisions that benefit all community members.
Small, distributed improvements are often
easier for a community to afford and provide
less incentive for new developments (Curran &
Hamilton, 2012). However, these choices must
be accompanied by affordability protections for
existing residents and business owners (e.g.,
community benefits agreements, inclusionary
housing polices, no net loss housing policies,
rent control, and financial assistance for local
businesses).

23 Gentrification is the transformation of working-class or vacant areas of the central city into middle-class residential or

commercial use (Zuk et al., 2015).
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3.7 BUILDING WORKFORCE CAPACITY
AND SPURRING ECONOMIC
DEVELOPMENT

Restoring and protecting the waters of the Ohio
River Basin will benefit the environment and
could bolster the region’s economy. An
economic analysis of federal investments to
restore and protect the Great Lakes found that
for every $1 invested in federal restoration
actions, more than $3.35 was generated in
long-term economic benefit.?* This includes
increased recreation, especially for water-based
activities such as boating, kayaking, and
swimming; new economic development;
boosted tourism; and increased home values
(Great Lakes Commission, n.d.). In examining
outcomes in communities across the region, the
study found that more young people were
choosing to stay or relocate to Great Lakes
communities. Similar economic benefits have
been realized in Ohio River Basin communities,
including Pittsburgh, Louisville, and Nashville,
that have invested in riverfront parks and
increased access to local waters (Riverfront
Parks Now, n.d.).

Addressing the challenges identified in this
plan can also create sustainable, durable,
well-paying jobs and support local economies.
Investments to build and repair infrastructure,
clean up toxic pollution, restore habitat, remove
old and unsafe dams, operate water utilities,
and help farmers protect soil and water quality
create jobs and lay the foundation for strong and
sustainable local economies built on clean and
healthy water. In listening sessions throughout
the region, residents of cities and towns alike
expressed a desire for programs that help
prepare local workers, businesses, and firms to

take advantage of federal Ohio River Basin
restoration and protection investments. Below
are recommendations for how environmental
restoration and economic restoration can work
together to help revitalize Ohio River Basin
communities.

« Support and promote federal conservation
workforce development programs for youth,
such as the American Climate Corps,
American YouthWorks Conservation Corps,
and AmeriCorps. Many residents are
interested in a regionwide mobilization of
young people to help restore and protect the
region’s waters.

« Ensure that adequate funding and utilization
of existing job creation programs can benefit
people in the Ohio River Basin. For example,
the federal Abandoned Mine Land Economic
Revitalization (AMLER) Program provides
grant money to states for projects that return
legacy coal mining sites to productive uses
while promoting economic and community
development. A 2022 report found that if all
$410 million of AMLER funds allocated to
four of the eligible states in the first five years
had been spent, the resulting projects would
have led to the creation of 4,142 jobs with
earnings of $250 million. The federal
Brownfields Job Training Grants Program
supports job training and environmental
remediation efforts for coal mining lands.
This program can provide opportunities to
earn certifications as well as training in
asbestos abatement, lead and mold awareness,
first aid, sustainable deconstruction, and
composting for reclamation.

« Collaborate with colleges and universities in
the region to develop an educated workforce
that can conduct the research, monitoring,
and evaluation needed to address water

24 https://Isa.umich.edu/content/dam/econ-assets/Econdocs/RSQE%20PDFs/Socioeconomic%20Impacts%200f%20the%20

Great%20Lakes%20Restoration%20Initiative.pdf
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quality and environmental challenges.
Innovative programs can help incentivize
collaboration between research institutions
and employers to create certification, training,
and education programs specific to employer
needs, both in the water sector and in the
broader economy. There is a strong correlation
between the percentage of adults with
bachelor’s or higher degrees in a state and the
state’s per-capita income (Somerville, 2022).
The region can leverage investments in Ohio
River Basin restoration to improve water and
habitat quality and increase degree
attainment to drive regional economic
development.

Assist local communities in applying for
federal Green Project Reserve Program state
revolving funds to design, install, and
maintain nature-based solutions that reduce
flooding and water pollution. A 2020 report
from Johns Hopkins University and the
American Flood Coalition found that every $1
billion invested in flood-resilient, nature-
based infrastructure is associated with
40,000 new jobs. Research from BlueGreen
Alliance has estimated that nationwide
adoption of these infrastructure techniques
for new projects above 1 acre in size would
result in 84,000 jobs created and supported
per year.

Connect local communities with resources
and funding to build local recreation
economies. For example, EPA’s Recreation
Economy for Rural Communities (RERC)
program has helped small communities
identify and implement strategies to build
their recreation and tourism economies. In
2022, Beverly, Ohio (located along a tributary
of the Ohio River) secured RERC funding and
assistance to build a multi-use trail in the
village (U.S. Environmental Protection
Agency, n.d.-d).

+ Design and build a basinwide system of
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connected water trails. Over 60 water trails
run through the Ohio River Basin, providing
recreational opportunities such as fishing,
kayaking, paddle boarding, and wildlife
viewing (U.S. Army Corps of Engineers & Ohio
River Basin Alliance, n.d.). Connecting and
expanding these trails provides an
opportunity to enhance residents’ connection
to the river, build a sense of regional identity,
and increase the recreation workforce
(National Recreation Trails and National
Water Trails, n.d.).

Create a regional water workforce
development advisory group to help utilities,
community groups, and employers coordinate
their efforts and present a unified voice for the
Ohio River Basin. Regional collaboration has
benefited water and wastewater utilities in
other parts of the country: BAYWORK, a
collection of 28 agencies in the San Francisco
Bay Area, addresses workforce development
challenges across the region through research,
recruitment, and training initiatives. The
organization serves as a resource hub for job
seekers, conducts research on current and
future labor needs in the water sector, and
facilitates information sharing among utilities
(U.S. Water Alliance, n.d.). The Innovative
Water Infrastructure Workforce Development
Grant Program offers funding for
organizations focused on building the water
workforce and connecting individuals to
career opportunities in the field, including
regional collaborations (U.S. Environmental
Protection Agency, 2021).

Work with existing regional economic
development initiatives to include
commitments to water sector workforce
training. Programs such as the Workforce
Opportunity for Rural Communities
(WORC)—a partnership between the U.S.
Department of Labor, the Appalachian
Regional Commission, and the Delta Regional
Authority to support rural workers affected by
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economic transitions—should be expanded to
connect communities to high-quality work
opportunities within the water sector.

+ Support water sector mentoring programs that
help create a pipeline of talented local
workers. In the next 10 years, approximately
one-third of the water utility workforce is
expected to retire, exacerbating current
workforce challenges in the water utility
sector, such as attracting and retaining
employees (U.S. Environmental Protection
Agency, n.d.-f). Training programs can
provide local workers with well-paying, secure
jobs.

« Increase the capacity of local high schools,
trade schools, and colleges to provide
education necessary for water sector and
restoration jobs.

Strategic investments in local and regional
workforce development can complement
investments in ecosystem restoration that
strengthen local communities and help address
other long-standing challenges surrounding
economic inequities in the region.

3.8 PRIORITIZING DATA, RESEARCH,
AND MONITORING

This report has started to identify research
needs for which regional colleges, universities,
agencies, and research organizations will be
necessary. Over the long term, a coordinated,
well-funded, and collaborative regional science
and research strategy for the Ohio River Basin
will be essential to implement an effective and
efficient restoration initiative that addresses the
most serious problems in the communities
hardest hit by pollution and environmental
harm, and to prioritize public health and
societal benefits as well as ecological benefits. A
data-driven restoration program can identify,
adopt, and implement policies that are both
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environment- and human-centered, as well as
support an adaptive management framework to
guide strategic investments, assess ongoing
results, and support adjustments in program
implementation if needed.

Data collection and the communication of that
data to communities will help foster buy-in and
trust among the many stakeholders in the
region, as well as ensure that restoration
priorities align with communities on the
ground. A strong monitoring framework that
evaluates and communicates progress can help
instill accountability in the program’s
implementation.

A robust regional monitoring network is
essential to maintain the health and safety of
communities, identify new and emerging
threats, and alert people to environmental
emergencies such as chemical spills and other
disasters.

Lastly, research will be a vital component for
meeting sustainability goals so that the region’s
water resources can be used and enjoyed by
multiple stakeholders throughout the region
now and into the future. Local data can be
aggregated to help align local, state, and federal
policies, and to support sustainable land-use
decisions, including long-term planning,
responsible development, and sustainable water
use. While this report focuses predominantly on
water quality issues, there is concern among
residents, researchers, and decision-makers that
not enough work has been done to develop a
forward-thinking water conservation strategy in
the region, particularly around groundwater.
Such a strategy would seek to determine how
the region can take advantage of its water
resources, including (but not limited to) local
rivers, streams, wetlands, groundwater, and
aquifers. Implementation of this critical effort
should involve students and faculty of regional
colleges and universities, including community
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and technical colleges. These higher education
institutions are uniquely placed to engage in
foundational research, create education and
training programs, and serve as regional
economic drivers.

This report supports investments in a research
agenda to underpin restoration actions,
including state and federal agency capacity,
citizen science, and infrastructure such as water
gauges. The long-term success of Ohio River
Basin restoration and protection will be strongly
supported by data collection, research, and
monitoring.
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