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Executive Summary

The Ohio River is of national ecological and socioeconomic significance, containing a diverse
aquatic community (approximately 160 fish and 120 mussel species) and providing vital services
(e.g., navigation, recreation, drinking water) to over 22 million people. Altered hydrology has
been identified as an urgent threat to the ecological sustainability of the Ohio River by affecting
water quality, sediment transport and distribution, floodplain connectivity, and availability
of/access to critical (e.g., spawning and rearing) habitats. To maximize the ecological
sustainability of the Ohio River mainstem, the U.S. Army Corps of Engineers (USACE),
Pittsburgh, Huntington, and Louisville Districts (subsequently referred to as ‘Districts”)
completed a Sustainable Rivers Program study to develop the science and tools needed to
identify potential ecological opportunities and strategic operations of its 19 navigation locks
dams (L/Ds) while maintaining current mission goals (i.e., navigation, hydropower, etc.).
Potential ecological opportunities and operational changes of reservoirs throughout the River
basin were qualitatively considered to the extent that such changes could impact or improve
water quality in the mainstem of the Ohio River.

Subject matter experts from each participating District reviewed publicly available data to
inventory and baseline conditions within the Ohio River, including ecological, bathymetric, and
infrastructure conditions. Data collection efforts focused on the mainstem of the Ohio River.
Relevant ecological data included water quality characteristics and variability; presence and
distribution of native, threatened, endangered, and non-native species; important habitat types;
types and condition of navigation infrastructure; presence of hydropower operations; and
municipal or privately-owned water intakes and other infrastructure (e.g., boat ramps, marinas,
docks). Hydrologic data were collected to characterize aspects of basin-level hydrology critical
to informing a systems approach to sustainable water management. Hydrologic data included
travel times, pool elevations, and existing hydrologic and hydraulic (H&H) models.

Using the initial inventory of baseline conditions, the Districts then identified ecological
opportunities for the Ohio River. Within the context of this study, opportunities were defined as
the desirable environmental outcomes that are possible from future modifications to operations at
USACE navigation projects and, to a limited extent, reservoirs. General opportunities identified
under this study include improvements to hydrologic and hydraulic regimes (i.e., restoration of
more natural flow patterns), water quality, quality and diversity of habitats, connectivity of
habitats, and aquatic communities. To identify specific changes to operations or other actions
(i.e., measures) capable of realizing ecological opportunities, the Districts identified target
species and associated habitats using historic data for the Ohio River, characterized water quality
attributes that could be improved through modifications to operations, and researched previous
efforts and successes for each type of opportunity. Potential measures included changing the
timing of water release, changing the method of water release (i.e., opening different gates), and
implementation of conservation lockages for tributaries that experience less navigation. Other
measures require programmatic changes or agreements, implementation of ecosystem restoration
projects, or structural changes. Such measures were still considered under the context of this
study to provide a comprehensive portfolio of actions that can be implemented to improve the
ecological sustainability of the Ohio River.
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Using the inventory of existing conditions, the Districts identified pool-specific and physical and
operational constraints and considerations for each opportunity. Constraints are defined within
the study context as factors that limit the ability to realize opportunities. Identified constraints
include the dam type or construction, depths required to maintain commercial navigation,
presence of other infrastructure (i.e., hydropower, water intakes, etc.), travel times from
upstream reservoirs, legal obligations (i.e., hydropower licenses, etc.), and potential impacts to
threatened and endangered species. Considerations are defined within the study context as
factors to consider when attempting to realize opportunities, though these factors are considered
to exert less control on opportunities than constraints. Considerations identified for this study
include authorized purposes, major tributaries, presence of wildlife refuges, potential impacts to
invasive or non-target species, potential impacts to erosion or sedimentation, current water
control manuals or guide curves, and timeframe for analysis.

The Districts then utilized all available information to identify target pools and measures for
modeling. The Districts developed site-specific, when possible, and general preliminary
recommendations for further study of 10 environmental measures across the Ohio River Basin.
These measures include: temporarily raising pool elevation, temporarily lowering pool elevation,
flow manipulation for habitat improvement, selective withdrawal retrofits for flood risk
management structures, structural changes, island restoration, invasive species control,
modification of hydropower Operating Agreements, Rapid Watershed Assessments for
tributaries, and conservation lockages.

H&H modeling was undertaken in three pools to determine what flow levels were necessary to
ensure operational changes (specifically lowering the normal pool elevation) would not impact
the navigability of the river. Pools were selected for H&H modeling through estimation of the
area, as acres, that would potentially be exposed or submerged through changes in the pool
elevation. One pool was selected in each District to allow comparison across the major sections
of the river. Bathymetric and habitat analyses were also conducted to demonstrate the acreage
and types of land that may be exposed or submerged through changes in the pool elevation. The
benefits, costs, and additional considerations for each measure were documented. Preliminary
recommendations developed as a result of these analyses will be shared externally to engage
regional stakeholders in initial discussions regarding the management of ecological resources in
the Ohio River basin.
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1 Introduction

The Ohio River extends from its origin in Pittsburgh, Pennsylvania to its confluence with the
Mississippi River near Cairo, Illinois. The Ohio River provides 981 miles of commercially
navigable channel maintained through a system of 19 locks and dams (L/D) (Fig. 1). Spanning
14 states, the drainage area of the Ohio River is approximately 204,000 square miles. The
mainstem of the river traverses six states, including Pennsylvania, Ohio, West Virginia,
Kentucky, Indiana, and Illinois (USACE LRD 2000). The Ohio River is of national ecological
and socioeconomic significance, containing a diverse aquatic community and providing vital
services (e.g., navigation, recreation, drinking water) to over 22 million people (ORSANCO
2010). Human activities have significantly altered the ecological resources of the Ohio River, its
floodplains, and its tributaries for centuries. Major activities occurring throughout the basin
include forest harvest, agriculture, industrialization, urbanization, mineral extraction, and river
impoundment (USACE LRD 2009).
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Fig. 1. The Ohio River Navigation System provides 981 miles of commercially navigable
channel between Pittsburgh, Pennsylvania and Cairo, Illinois, where the river joins the
Mississippi River.

Through the Sustainable Rivers Program (SRP), USACE Huntington (LRH), Louisville (LRL),
and Pittsburgh (LRP) Districts collaboratively assessed the potential for changes in water



Sustainable Rivers Program: Ohio River Systems Analysis

infrastructure operations across all three districts to improve the ecological quality and
sustainability of the Ohio River.

1.1  Study Authority

This study was conducted as part of SRP, a partnership between USACE and The Nature
Conservancy (TNC). SRP aims to improve the ecological quality of rivers through change in
water infrastructure operations that may restore or protect ecosystems, while maintaining or
enhancing other project benefits and continuing to meet Congressionally authorized purposes.
Traditionally, SRP focused on environmental flows, defined as the “quantity, timing, and quality
of water flows required to sustain ecosystems.” Recently, SRP has expanded its approach to
explore additional actions at water infrastructure projects with potential to provide ecological
benefit (USACE HEC, n.d.).

1.2  Problem Statement

Over the past 200 years, the Ohio River basin has experienced significant urbanization, mineral
extraction, and water resource development. An estimated 65% of the forested floodplain within
the basin was converted to other land use types between 1800 and 1970. Since 1900, island
acreage within the basin has decreased by 43%. Impoundment of the river altered sediment
transport and water levels throughout the river, altering the availability of riffles and sandbars.
Such changes reduce the area and diversity of habitats available to fish and wildlife species and
result in long-term changes to water quality dynamics throughout the river (USACE LRD 2009).

Significant improvements in the environmental quality of the Ohio River have been
accomplished through implementation of environmental legislation and national, regional, and
local restoration efforts. However, the pressures from urbanization, mineral extraction, and
impoundment continue to impact the quality of the Ohio River. Altered hydrology remains an
urgent threat to the ecological sustainability of the Ohio River by affecting water quality,
sediment transport and distribution, floodplain connectivity, and availability of/access to critical
(e.g., spawning and rearing) habitats.

1.3  Study Objectives

The overall goal of the three participating USACE districts was to develop the science and tools
needed to maximize ecological sustainability of the Ohio River mainstem through strategic
operations of its 19 navigation dams while maintaining current mission goals and authorized
purposes (e.g., navigation, hydropower, etc.). Potential ecological opportunities and operational
changes of reservoirs throughout the River basin were qualitatively considered to the extent that
such changes could impact or improve water quality in the mainstem of the Ohio River.
However, the ability of such changes to result in quantitative impacts to water quality and
ecological sustainability of the Ohio River should be further analyzed prior to implementation of
measures at reservoirs.

The specific objectives of this study were to:

1. Inventory and baseline conditions within the Ohio River.
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2. Characterize critical aspects of basin-level hydrology and identify additional hydrologic
modeling and tools that may be needed to inform a systems approach to sustainable water
management.

3. ldentify potential opportunities and measures to maximize ecological sustainability through
reservoir and navigation system operations.

4. Engage regional stakeholders to develop a coordinated approach to further study and
potential implementation of the ecological measures identified under the current study.

Successful completion of this study provides the foundation needed to inform future changes to
the operation of USACE infrastructure, with the goal of improving ecological conditions and
sustainability within the Ohio River. The system-scale (i.e., entire Ohio River Basin) represents
the most appropriate scale at which to develop approaches to ecologically sustainable operations
given the interdependence among all reservoirs and navigation dams in controlling flows within
the Ohio River.

1.4  Study Approach

The Districts identified eight steps necessary to achieve the study objectives (Fig. 2). To
facilitate collaboration and efficiency, the Districts developed three working teams for this effort:
the Environmental Team, Hydrologic and Hydraulics (H&H) Team, and Geospatial Team. Each
team consisted of subject matter experts from each District.

Inventory baseline
conditions

¢

Define ecological
opportunities

Define pool-specific

and physical Identify target pools Conduct modeling
ﬁ @ operational |:> and opportunities |:> offort

constraints and for modeling
opportunities

Define operational

changes needed to
realize
opportunities (i.e.,
measures)

Recommendations for
Stakeholder ecommendations fo
further study or
Engagement !
demonstration

Fig. 2. This study utilized an iterative framework consisting of eight steps to identify
opportunities and measures to maximize ecological sustainability through strategic operation of
the Ohio River Navigation System.
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Baseline conditions were defined as the current characteristics of the biological community,
environmental conditions, land use, and infrastructure within the mainstem of the Ohio River.
Information regarding baseline conditions was retrieved from existing literature, databases, and
navigation charts by the Environmental, H&H, and Geospatial Teams.

Using the initial inventory of baseline conditions, the Environmental Team then identified
ecological opportunities for the Ohio River. Within the context of this study, opportunities were
defined as the desirable environmental outcomes that are possible from future modifications to
operations at USACE reservoirs or L/Ds. General opportunities identified under this study
include improvements to hydrologic and hydraulic regimes (i.e., restoration of more natural flow
patterns), water quality, quality and diversity of habitats, connectivity of habitats, and aquatic
communities. To identify specific measures to realize ecological opportunities, the
Environmental team identified target species (i.e., threatened or endangered species, valuable
game fish, mussel host species, extirpated species, and important waterfowl) and associated
habitats using historic data for the Ohio River, characterized water quality attributes that could
be improved through modifications to operations, and researched previous efforts and successes
for each type of opportunity.

The Environmental Team then collaborated with the H&H Team to identify the specific changes
to operations at navigation projects (i.e., measures) that would be required to realize specific
ecological opportunities. Such measures included altering the pool elevation, changing the
method of water release (i.e., opening different gates), and implementation of conservation
lockages for tributaries that experience less navigation. Other measures require programmatic
changes or agreements, implementation of ecosystem restoration projects, or structural changes.
Such measures were still considered under the context of this study to provide a comprehensive
portfolio of actions that can be implemented to improve the ecological sustainability of the Ohio
River.

Using the inventory of existing conditions, the Environmental and H&H Teams identified pool-
specific and physical and operational constraints and considerations for each opportunity.
Constraints are defined within the study context as factors that limit the ability to realize
opportunities. Such constraints include the dam type or construction, depths required to maintain
commercial navigation, presence of other infrastructure (i.e., hydropower, water intakes, etc.),
travel times from upstream reservoirs, legal obligations (i.e., Federal Energy Regulatory
Commission (FERC) licenses, etc.), and potential impacts to threatened and endangered species.
Considerations are defined within the study context as factors to consider when attempting to
realize opportunities, though these factors are considered to exert less control on opportunities
than constraints. Considerations identified for this study include authorized purposes, major
tributaries, presence of wildlife refuges, potential impacts to invasive or non-target species,
potential impacts to erosion or sedimentation, current water control manuals or guide curves, and
timeframe for analysis. To refine the list of constraints and considerations, the Districts solicited
input from the Operations Division, specifically the Chiefs of Locks and Dams for each District.

The Team utilized all available information to identify target pools and measures for modeling.
A total of 10 measures were identified, including: temporarily raising pool elevation, temporarily
lowering pool elevation, flow manipulation for habitat improvement, selective withdrawal
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retrofits for flood risk management structures, structural changes, island restoration, invasive
species control, modification of hydropower Operating Agreements, Rapid Watershed
Assessment for tributaries, and conservation lockages. The Environmental Team researched the
benefits, costs, and additional considerations for each measure. H&H modeling was undertaken
in three pools to ensure that operational changes (specifically lowering the normal pool
elevation) would not impact the navigability of the river. Pools were selected for H&H modeling
through estimation of the area, as acres, that would potentially be exposed or submerged through
changes in the pool elevation. One pool was selected in each District to allow comparison across
the major sections of the river. The Geospatial Team also conducted bathymetric and habitat
analyses to demonstrate the acreage and types of land that may be exposed or submerged through
changes in the pool elevation.

The Environmental, H&H, and Geospatial Teams then collaborated to develop recommendations
for further study. These findings are presented in Sections 4 and 5 of this report. The findings of
this study will be shared with external stakeholders for feedback and refinement.

2 Inventory of Existing Conditions

The Ohio River basin is a nationally significant economic and ecological resource. The Ohio
River itself is home to a diverse, complex biological community. The navigation system
provides a cost-effective alternative to transportation of goods via highways or railroads, while
also providing additional societal benefits like drinking water and recreational opportunities. As
part of the current effort, the Team inventoried existing conditions related to the ecology,
infrastructure, and land use within the Ohio River basin. A brief summary of the existing
conditions documented within the basin is provided in the following sections. More detailed
information is provided for the physical characteristics of the L/Ds in Appendix 1(Physical
Characteristics of Locks and Dams) and the ecological conditions in Appendix 2 (Ecological
Characteristics of Navigation Pools).

2.1 Climate

Overall, climate within the Ohio River basin is considered temperate. Climate within the Ohio
River basin is influenced by “latitude, elevation differences, large bodies of water (i.e., the Great
Lakes, Gulf of Mexico, Atlantic Ocean), prevailing winds, jet stream, topography, and land
cover” (USACE LRD 2009). These factors have created four climatic sub-zones within the Ohio
River basin based on the Koppen classification system (Fig. 3). The two most prevalent climatic
zones are the humid continental region (Képpen Dfa or Dfb) in the north and the humid
subtropical region (Koéppen Cfa or Cfb) in the south (USACE LRD 2009).

Humid continental climate is generally found in the mid-Ilatitudes over large landmasses where
polar and tropical land masses intersect. Humid continental climate is characterized by variable
weather patterns and significant seasonal temperature variation. Typical seasonal temperature
variation is within 15 — 22°C (59 — 72°F) but may be as high as 33°C (91°F) in the more inland
areas within the climate zone (USACE LRD 2009).

Humid subtropical climate is a broad sub-zone generally characterized by hot and humid
summers and mild winters. Significant precipitation is common in all seasons, with winter
rainfall or snowfall associated with large storms directed by the westerlies winds. Precipitation

5
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experienced in summer is generally associated with thunderstorms or extreme weather events,
like hurricanes or tropical storms (USACE LRD 2009).
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Fig. 3. According to the Képpen climate classification system, two major climatic sub-zones are
present within the Ohio River basin: the humid continental (Dfa or Dfb) and humid subtropical
(Cfa and Cfb) climate zones (USACE LRD 2009).

2.2 Land Use

Characterized by diverse terrain, the Ohio River basin features a variety of land use types.
Historically, flatter areas within the basin are dominated by agriculture, sprawling urban and
suburban development, and industrial development. The more severe terrain areas in the eastern
and southern regions of the basin consist of more scattered urban and suburban development.
Often, this development is limited to the floodplains of river valleys, which can significantly
impact flood patterns in the region (USACE LRD 2009).

Land use patterns within the Ohio River basin were analyzed as part of the Ohio River Basin
Comprehensive Reconnaissance Report using the USGS published Anderson Level 1 land cover
classes for 2001 (Fig. 4). Based on the 2001 data, forest was identified as the dominant land
cover type at 50.6% of total land cover (103,500 sq mi). Agriculture or cultivated lands was the
second most common land use type at 34.7% of total land cover (71,100 sq mi), followed by
shrub/grass at 9.0% (18,400 sg mi). Urban area comprised 3.1% of total land cover (6,200 sq
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mi). The remainder of the Ohio River basin is characterized by open water (1.4%), wetlands
(0.8%), or barren (0.2%) land use types (USACE LRD 2009).

According to a Land Transformation Model study conducted by U.S. Environmental Protection
Agency (EPA), approximately 90% of the area in the Ohio River basin has not changed land
use/land cover classes since 1930. The greatest extent of land use change has affected
agriculture. In 1930, agricultural was the dominant land use type in the basin. Since
approximately 1950, the Ohio River basin has seen an increase in the area converted from
agricultural to forestry. Today, forestry is the most common land use type in the Ohio River
basin. However, agricultural land use within subwatersheds of the Ohio River basin still exceeds
the 38% threshold beyond which impacts to water quality and stream macroinvertebrate
community structure are typically observed (Pijanowski et al. 2014).

Based on data retrieved in the 2000 Census, the population of the Ohio River basin is
approximately 27.0 million. Population density throughout the Ohio River basin varies
significantly. Major population centers in the basin include Pittsburgh, Pennsylvania; Columbus,
Ohio; Cincinnati, Ohio; Dayton, Ohio; Nashville, Tennessee; Indianapolis, Indiana; and
Louisville, Kentucky. Most recent urbanization in the watershed has occurred near these
metropolitan areas (USACE LRD 2009). As a result, some subwatersheds of the Ohio River
basin exceed the 10% urban land use threshold beyond which impacts to water quality and
stream macroinvertebrate community structure are typically observed (Pijanowski et al. 2014).
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Fig. 4. Based on the 2001 USGS published Anderson Level 1 land cover classes, the majority of
land use within the Ohio River basin is forest (50.7%), agriculture or cultivated land (34.8%), or
shrub/grass (9.01%). Other land use types include urban (3.1%), open water (1.5%), wetlands
(0.8%), or barren (0.2%) (USACE LRD 2009).

2.3 Navigation Infrastructure and Channel

Maintenance of the Ohio River Navigation System is critical to efficient transportation of large
quantities of raw materials, energy resources, and goods throughout the Ohio River basin
(USACE LRD 2009). Currently, the Ohio River Navigation System consists of 19 L/Ds that
regulate approximately 964 of the 981 river miles of the channel. Operation and maintenance of
these structures and the navigation channel is divided spatially amongst LRP, LRH, and LRL.
Characteristics of the L/Ds are summarized in Appendix 1. The L/Ds are operated to maintain a
minimum depth of nine (9) feet to support commercial navigation along the Ohio River
mainstem (USACE LRD, n.d.). All locks consist of a main chamber and an auxiliary chamber.
One L/D, Dashields, is a fixed crest dam with no gates. The number of gates at each other
facility ranges from five at Olmsted L/D to 12 at Meldahl, Markland and Cannelton L/Ds. Most
gates are Tainter gates; however, Emsworth and Montgomery L/Ds have vertical lift gates, and
R.C. Byrd L/D has roller gates. Non-federal hydropower is currently present at 10 L/Ds.

Pool length varies throughout the Ohio River Navigation System. Pools are shortest near the
headwaters of the Ohio River, with Emsworth L/D creating 6.5 miles of pool on the Ohio River
and Dashields L/D creating 7.1 miles of pool (USACE LRP 2003). Between Pike Island L/D
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and R.C. Byrd L/D, pool lengths range between 30 — 45 miles (USACE LRP 2003, USACE LRH
2004). Between Greenup L/D and Olmsted L/D, pools are generally much longer, ranging
between 60 — 114 miles, except for Newburgh pool (55 miles) and Olmsted pool (45.9 miles)
(USACE LRH 2004, USACE LRL 2010).

2.4  Other Infrastructure

Several types of water resource infrastructure are prevalent within the Ohio River basin,
including: Federal navigation L/Ds, discussed in the preceding section; Federal flood risk
management facilities; state-financed public works; and county and municipal water treatment
and distribution systems, stormwater collection systems, and sewage collection and treatment
systems. Additional water resource infrastructure within the basin is privately owned and
operated, including facilities owned and operated by riverside corporations (USACE LRD 2009).

Federal flood risk management projects range in size and complexity along the Ohio River
mainstem and its tributaries. These projects may include upstream reservoirs, local flood
warning systems, flood insurance, and floodproofing of existing structures to provide sufficient
flood reduction benefits. Since the 1930s, USACE has constructed 83 reservoirs and 97 local
protection projects within the Ohio River basin. Funding constraints coupled with aging
equipment and infrastructure threaten the longevity of these structures. To assess the safety and
condition of these structures, specifically dams, USACE’s Dam Safety Program periodically
inspects and ranks these structures using the Dam Safety Action Category (DSAC) method.
These rankings are used to prioritize facilities for rehabilitation (USACE LRD 2009).

Some municipalities within the Ohio River basin utilize combined sanitary and storm sewer
conveyance systems that predate the Clean Water Act (CWA) and other related environmental
laws and regulations. These combined systems experience combined sewer overflows (CSOs)
during heavy rain events, resulting in the discharge of raw, untreated sewage into receiving
waterbodies. According to data provided by Ohio River Valley Water Sanitation Commission
(ORSANCO), 49 municipalities have a total of 1,045 combined sewer outfalls that discharge into
the Ohio River. High total suspended solids and bacteria concentrations typically associated
with CSOs pose a significant threat to downstream municipal water intakes. Several state and
Federal programs are available to assist communities in updating infrastructure, including
combined sanitary and storm sewer systems. Such updates are being implemented throughout
the Ohio River basin under programs like the USACE Environmental Infrastructure Assistance
Program (USACE LRD 2009).

The Ohio River also plays an important role in water supply. Approximately 29 public water
distributors withdraw water from the Ohio River mainstem. An additional 388 raw water intakes
are located within the Ohio River and its tributaries to provide industrial and municipal water
supplies. Currently, 16 USACE reservoirs are also used as sources of water through 31 water
supply contracts in accordance with the Water Supply Act of 1958. The reliance on the Ohio
River basin for water supply highlights the importance of maintaining sufficient water quality
across the region (USACE LRD 2009).
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2.5 Biological Community

The Ohio River sustains an ecologically diverse and nationally significant biological community.
However, anthropogenic changes to the landscape have significantly altered the composition of
this community. For example, 127 of the 297 freshwater mussel species native to North America
resided in the Ohio River basin in the 20" century. Today, 11 of these mussel species are
considered extinct, and many others are listed as endangered, threatened, or a species of concern
under the Endangered Species Act (ESA) (Neves 2019). Invasive species, like the zebra mussel,
have also been introduced throughout the basin, impacting ecology through displacement,
competition, or predation of native species (USFWS 2012).

Key characteristics and trends of the biological community of the mainstem of the Ohio River
are summarized in the following subsections. A complete inventory of characteristics and trends
of the biological community is available in Appendix 2. In the following sections, the biological
characteristics of the Ohio River may be summarized by region, if appropriate. For purposes of
this study, regions of the Ohio River are broken out as follows: Upper Ohio region includes
Emsworth through Hannibal pools (i.e., LRP), Middle Ohio region includes Willow Island
through Meldahl pools (i.e., LRH), and Lower Ohio region includes Markland through Olmsted
pools (i.e., LRL).

2.5.1 Fish Community

To date, the Ohio River is home to approximately 160 species of fish (ORSANCO n.d.).
Generally, fish species richness does not display a significant trend along the spatial extent of the
river. According to ORSANCO’s most recent fish survey in each pool, fish species richness in
the Ohio River ranges from 40 to 53 species. Major groups of species represented in the Ohio
River include gar, shad, carp, minnow, sucker, catfish, sunfish, temperate bass, black bass,
darter, perch, and lamprey, among others (ORSANCO 2018).

Based on the number of individuals caught during ORSANCO surveys conducted between 2010
and 2021, the dominant species in the Ohio River are gizzard shad (Dorosoma cepedianum),
emerald shiner (Notropis atherinoides), channel shiner (Notropis wickliffi), freshwater drum
(Aplodinotus grunniens), and threadfin shad (Dorosoma petenese). The top 10 most common
species collected during ORSANCO surveys are provided in Table 1 below (ORSANCO 2021).
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Table 1. The top 10 most common fish species are identified for the Ohio River based on the
number of individuals collected during ORSANCO surveys conducted between 2010 and 2021.

Common Name: Scientific Name: Number of Individuals
Collected:

Gizzard Shad Dorosoma cepedianum 287,057
Emerald Shiner Notropis atherinoides 103,367
Channel Shiner Notropis wickliffi 79,815
Freshwater Drum Aplodinotus grunniens 72,412
Threadfin Shad Dorosoma petenense 41,721
Sauger Sander canadensis 21,884
Bluegill Lepomis macrochirus 21,520
Channel Catfish Ictalurus punctatus 21,383
Smallmouth Buffalo Ictiobus bubalus 12,286
Morone species Morone species 11,993

To assess the quality of the river and fish community, ORSANCO developed the modified Ohio
River Fish Index (mMORFIN) in 2008. The mORFIN index consists of 13 metrics, including
number of native species; number of intolerant species; number of sucker species; number of
centrarchid species; number of Great River species; percentage of piscivores; percentage of
invertivores; percentage of detritivores; percentage of tolerant species; percentage of lithophils;
percentage of non-native species; number of deformities, erosions, lesions, and tumors (DELT)
anomalies; and catch per unit effort (CPUE). The mORFIN score is developed through a multi-
step process based on biological and environmental data collected at 15 randomly selected
sample sites within each pool. mMORFIN scores range from 0 to 60 and are divided into six
categories to describe the biological condition of the river segment (Fig. 5) (ORSANCO 2010).

HISTORICAL ORFin SCORES modified ORFin  BIOLOGICAL
within o HABITAT CLASS mORFin Score CONDITION
{0-100) (0-60) RATING
100
~ — ~ MAX OBS SCORE - — — — — ~ ~ 60
90 A EXCELLENT
—— 95™ -50-
80~ T
70 75TH  —40—
8 60— GOOoD
0 - 50™ -30-
é {F FAIR
e 9 25™  -20-
O
30— POOR
20— —— §™  -10-
- e~ MIN O8S SCORE - — — — — = = 0
0__

Fig. 5: mORFIN scores range from 0 to 60, and scores are divided into six categories to describe
the biological condition of the river segment (ORSANCO 2010).
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The Ohio River can be separated into three segments to summarize recent mMORFIN scores
(Table 2). The Upper Ohio region consists of the first six pools from Emsworth to Hannibal
L/Ds. mORFIN scores for this region are divided evenly between the “fair” or “good” categories
(scores between 24.2 — 34.4) (ORSANCO 2018, ORSANCO 2017, ORSANCO 2015,
ORSANCO 2013). The Middle Ohio region consists of six pools from Willow Island to
Mehldahl L/D. Most pools within the Middle Ohio region are considered “good” quality based
on MORFIN scores between 30.8 and 36.2 (ORSANCO 2016, ORSANCO 2015, ORSANCO
2013), although Belleville pool is considered “fair” quality (score of 24.5) (ORSANCO 2014)
and Greenup pool is considered very good quality (score of 44.5) (ORSANCO 2016). The
Lower Ohio region consists of the final seven pools between Markland and Olmsted L/D. All
pools within the Lower Ohio region are considered “good” or “very good” quality based on
mMORFIN scores between 31.2 and 43.9 (ORSANCO 2017, ORSANCO 2016, ORSANCO 2015,
ORSANCO 2014, ORSANCO 2013).

Table 2. ORSANCO mORFIN scores indicate that all pools within the Ohio River are
considered “fair” quality or better. The most recent mORFIN score for each pool is provided in
the table below (ORSANCO 2013-2018).

Region: Pool: MORFIN score: Narrative Description:
Upper Ohio Emsworth 27.83 Fair
Dashields 30.8 Good
Montgomery 32 Good
New Cumberland 27.8 Fair
Pike Island 24.2 Fair
Hannibal 34.4 Good
Middle Ohio Willow Island 35.8 Good
Belleville 24.5 Fair
Racine 31 Good
R.C. Byrd 30.8 Good
Greenup 44.5 Very Good
Meldahl 36.15 Good
Lower Ohio Markland 37.7 Good
McAlpine 43.9 Very Good
Cannelton 41.8 Very Good
Newburgh 33.6 Good
John T. Myers 38 Good
Smithland 31.2 Good
Olmsted 37.1 Good

2.5.2 Mussel Community

The Ohio River basin has historically been a hotspot for mussel diversity, containing 127 of the
297 freshwater mussel species native to North America. Over time, mussel diversity and
abundance has decreased overall in the basin, with 11 species extirpated from the basin and
many more species protected under the ESA (Neves 2019). Data regarding mussel diversity and
abundance is not available for all pools in the Ohio River.

Overall, the greatest diversity of mussels is observed in the Lower Ohio (see Table 2 for pools
within the Lower Ohio segment). Species richness ranges from 39 in Smithland pool to 57 in
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Markland pool (Haag and Cicerello 2016). According to USFWS Information for Planning and
Consultation (IPaC) data, several mussel species present in the Lower Ohio are considered
threatened or endangered under the ESA (IPaC 2021). Significant threats to mussel species
include sedimentation, barriers to host movement, altered hydrology, channelization, dredging,
and non-native invasive mussels (Stark 2013).

2.5.3 Threatened and Endangered Species
Federally listed threatened and endangered species are known to inhabit the Ohio River and its
riparian area from its headwaters in Pittsburgh to its confluence with the mainstem of the
Mississippi River at Cairo (Table 3). Critical habitat is also designated within the immediate
vicinity of the Ohio River for the Indiana bat in the Greenup, Meldahl, and Cannelton pools
(IPaC 2021). Recovery of threatened and endangered species populations is important to
sustaining the diversity of the Ohio River.

Table 3. The mainstem of the Ohio River is within the range of multiple federally listed
threatened and endangered species (IPaC 2021).

Common Name: Scientific Name: Protection Status:
Clubshell Pleurobema clava Endangered
Fanshell Cyprogenia stegaria Endangered
Fat pocketbook Potamilus capax Endangered
Gray bat Myotis grisescens Endangered
Indiana bat Myotis sodalis Endangered
Monarch butterfly Danaus plexippus Candidate
Northern long-eared bat Myotis septentrionalis Threatened
Northern riffleshell Epioblasma torulosa rangiana Endangered
Orangefoot pimpleback Plethobasus cooperianus Endangered
Pink mucket Lampsilis abrupta Endangered
Price’s Potato-bean Apios priceana Threatened
Purple cat’s paw Epioblasma obliquata obliquata Endangered
Rabbitsfoot Quadrula cylindrica cylindrica Threatened
Rayed bean Villosa fabalis Endangered
Ring pink Obovaria retusa Endangered
Rough pigtoe Pleurobema plenum Endangered
Sheepnose Plethobasus cyphyus Endangered
Short’s bladderpod Physaria globosa Endangered
Short’s goldenrod Solidago shortii Endangered
Small whorled pogonia Isotria medeoloides Threatened
Snuffbox Epioblasma triguetra Endangered
Spectaclecase Cumberlandia monodonta Endangered
Virginia spiraea Spiraea virginiana Threatened

2.5.4 Invasive Species

Invasive species are defined as those non-native species that cause or have the potential to cause
economic, environmental, or human health harm or may threaten natural resources or use of
natural resources. Invasive species can cause significant damage to native ecosystems through
alteration of predator-prey relationships, nutrient cycling, and competition dynamics. In some
situations, natural predators of invasive species are not present in the ecosystem of interest,
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allowing invasive species to outcompete native species (Homans and Newman 2011). Known
aquatic and terrestrial invasive species are briefly discussed in the two sections that follow.
Additional information regarding the range of these species in the Ohio River is provided in

Appendix 2.

2541

Agquatic Invasive Species

Several aquatic invasive species are present within the mainstem of the Ohio River (Table 4).
Some of these species were purposefully introduced into the United States to perform a certain
function and have since become invasive. For example, several carp species (silver, grass, black,
and bighead carp) were introduced in the southern United States to reduce phytoplankton
abundance downstream of wastewater treatment plant discharges and have since utilized flood
events and other means to expand their range north of the Mississippi River. Goldfish were
originally introduced in the 1600s to increase fish diversity. Other species are thought to have
been unintentionally introduced. One such species is the zebra mussel, which has expanded its
range by attaching to barges and recreational vessels (Ackerson et al. 2019).

Table 4. Aquatic invasive species known within the mainstem of the Ohio River can
significantly impact the ecology of the river (USGS 2021).

Common Name:

Scientific Name:

Ecological Impacts:

Goldfish Carassius auratus Sediment disruption; food web disruption;
disease, parasite, or bacteria spread;
hybridization (Ackerson et al. 2018)

Grass carp Ctenopharyngodon idella | Excess predation on plants and phytoplankton;

food web disruption; nutrient cycling
disruption (Ackerson et al. 2018)

Common carp

Cyprinus carpio

Vegetation destruction; sediment disruption;
habitat degradation; egg consumption (Nico et
al. 2019)

Bighead carp

Hypophthalmichthys
nobilis

Excess predation on plants and phytoplankton;
food web disruption; nutrient cycling
disruption (Ackerson et al. 2018)

Silver carp Hypophthalmichthys Excess predation on plants and phytoplankton;
molitrix food web disruption; nutrient cycling
disruption (Ackerson et al. 2018)
Black carp Mylopharyngodon piceus | Excess predation on plants and phytoplankton;
food web disruption; nutrient cycling
disruption (Ackerson et al. 2018)
Asian clam Corbicula fluminea Substrate alteration; excess competition (Foster

et al. 2019)

Zebra mussel

Dressina polymorpha

Food web disruption; oligotrophication;
nutrient and oxygen depletion; overpopulation
(Ackerson et al. 2018)

Quagga mussel

Dreissena rostriformis
bugensis

Food web disruption; water clarity increase;
oxygen depletion; potential polychlorinated
biphenyl (PCB) contamination (Benson et al.
2019a)

Freshwater jellyfish

Craspedacusta sowerbyi

Increased predation pressure on zooplankton*;
trophic cascades* (McKercher et al. 2021)
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Scud

Echinogammarus ischnus

Displacement; excess predation* (Benson et al.
2021)

Freshwater bryozoan

Lophopodella carteri

Colonization of mussel shells*; fish and
salamander kills via coelomic fluid ingestion*
(Fuller et al. 2019)

[monoecious]

Waterflea Daphnia lumholtzi Excess competition*; decline in zooplankton
productivity* (Benson et al. 2019b)
Hydrilla Hydrilla verticillata Excess spatial competition; displacement;

shading; reduced foraging efficiency;
stratification; oxygen reduction; fish Kills;
zooplankton and phytoplankton decline
(Jacono et al. 2015)

Curly-leaf pondweed

Potamogeton crispus

Displacement; decreased water clarity; algal
blooms (MNDNR 2015)

Common water-hyacinth

Eichhornia crassipes

Dissolved oxygen reduction; shading; creation
of mosquito breeding habitat; creation of
impenetrable barrier on water surface
(Pfingsten et al. 2021)

Brazilian waterweed

Egeria densa

Water flow restriction; sedimentation; water
quality fluctuations (Pfingsten et al. 2016)

Water mint

Mentha aquatica

Unknown (Cao and Berent 2021)

Brittle waternymph

Najas minor

Displacement of native macrophytes (Pfingsten
et al. 2021)

Eurasian watermilfoil

Myriophyllum spicatum

Displacement; reduction in biodiversity of
aquatic plants; shading; reduced abundance
and diversity of macroinvertebrates; reduction
in foraging space; water quality degradation;
oxygen depletion (Pfingsten et al. 2018)

* Ecological impacts are still under investigation for this species and, therefore, this impact is considered
potential. Further research is needed to confirm the extent of this impact.

2.54.2

Terrestrial Invasive Species

This inventory of terrestrial invasive species focuses on plant species, which likely have the
greatest impact on adjacent waterways through changes to bank stability, nutrient cycling,
organic inputs, and others. Known terrestrial invasive plant species are presented in Table 5.
Some terrestrial invasive plant species were intentionally introduced in the United States for
ornamental purposes, like purple loosestrife (Ackerson et al. 2019) or tree-of-heaven (Rhoads
and Block 2011). Other species are suspected to have been unintentionally introduced through
transportation along canals or highways, like narrow-leaved cattail (Cao et al. 2021).
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Table 5. Terrestrial invasive species known along the mainstem of the Ohio River can
significantly impact the ecology of the river (USGS 2021).

Common Name: Scientific Name: Ecological Impacts:
Japanese knotweed Fallopia japonica var. Shading; decrease in stream flow; indirect
japonica reduction in arthropod abundance; suppression
of moss growth (Brown 2021)
Tree-of-heaven Ailanthus altissima Excess competition; displacement; agricultural

impacts; toxin production preventing
establishment of other species (Rhoads and
Block 2011)

Purple loosestrife Lythrum salicaria Excess competition; displacement; wetland
loss; biogeochemical and hydrological
alterations in wetlands; loss of basking,
breeding, nesting, and foraging sites (Cao et al.

2021)
Narrow-leaved cattail Typha angustifolia Excess competition; displacement (Cao et al.
2018)
Keek Rorippa sylvestris Displacement (Cao and Sturtevant 2019)
Reed canary grass Phalaris arundinacea Excess competition; displacement; sediment

deposition; alterations to substrate microbial
and fungi communities; decreased insect
biodiversity (Sturtevant et al. 2021)

Common reed Phragmites australis Habitat alteration; competition; displacement;
australis water quality improvement in agricultural
settings; food web alterations (Sturtevant et al.
2021)

* Ecological impacts are still under investigation for this species and, therefore, this impact is considered
potential. Further research is needed to confirm the extent of this impact.

2.6  Water Quality

Water quality is an important component of all USACE Civil Works missions. As such, Water
Quality Teams within each District monitor and evaluate water quality trends and issues across
all projects, including reservoirs (USACE LRP, n.d.). Generally, water becomes slightly warmer
and dissolved matter concentrations, alkalinity, and planktonic algae density and diversity
increase as it moves downstream along the Ohio River, with numerous local anomalies
throughout the system (USACE LRD 2000).

Generally, weak trends in dissolved oxygen and temperature (< 5° F) stratification are observed
throughout the Ohio River mainstem. Trends of metal concentrations vary throughout the
mainstem. In the Upper Ohio region, moderate to strong decreasing trends in metal
concentrations are observed. In the Lower Ohio region, however, magnesium concentrations
display a strong, significant increasing trend, while other metals (aluminum, iron, manganese,
and zinc) indicate a decreasing trend or no trend. No significant trends in dissolved oxygen,
temperature, or metal concentrations are observed in the Middle Ohio region (USACE HEC
2018).
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Publicly available Ohio River bimonthly water sampling data collected by ORSANCO from
2000 to 2021 shows that average nitrogen (NO2 and NOs) and phosphorus concentrations
generally increase as water moves downstream. Numerous factors may contribute to this
increase, including land use, volume of flow, and tributary inputs, but further investigation is
required to identify and characterize the cause of this trend (ORSANCO 2022). Limited analysis
of the data provided by ORSANCO was completed, and further investigation of the dataset is
recommended prior to conducting any nutrient management activities in the Ohio River.
Furthermore, significant gaps are present within the dataset that limit the ability to analyze
nutrient trends along all navigation pools over the same time period.

The Clean Water Act delegates the responsibility of developing water quality standards to the
State (40 CFR 8131). One required component of water quality standards is to assign designated
uses to each waterbody to articulate the goals and expectations for the waterbody, including
protection and propagation of fish, shellfish, and wildlife; recreation; public drinking water
supply; and agricultural, industrial, navigational, and other purposes (EPA, 2021). Designated
uses of the Ohio River include aquatic life, potable water supply, fish consumption, and
recreational uses. Segments of the Ohio River are currently listed as impaired for fish
consumption and recreational uses. Known causes of these impairments include CSOs, dioxin,
PCBs (PADEP 2020), E. coli, and iron (KDOW 2021).

2.7 Aguatic Habitat

Major tributaries to the Ohio River include the Allegheny, Monongahela, Muskingum, Kanawha,
Big Sandy, Guyandotte, Scioto, Great Miami, Licking, Kentucky, Green, Wabash, Tennessee,
and Cumberland rivers. The Tennessee and Cumberland rivers are also considered two of the
richest ecological regions in the United States, particularly in terms of species diversity (USACE
LRD 2009). The Allegheny River also provides one of the most populous freshwater mussel
habitats in the world (USFWS n.d.). The Green River supports one of the most diverse mussel
faunas (over 70 species) in North America (Isom 1974, TNC 1998); a high concentration of
species considered rare, threatened, or endangered at the state or federal level (Cicerello and
Hannon 1990); and over 150 species of fish (TNC 1998). These tributaries serve as sources of
biodiversity, alternative habitat, nutrients, and other water quality parameters for the mainstem of
the Ohio River.

Due to the presence of the navigation system and the resulting alteration of river flow,
embayments have formed at the confluence of many tributaries with the Ohio River.
Embayments are areas where the stream channel has widened over time and are characterized by
slow flow resulting in sediment deposition, leading to increased sedimentation. Ongoing
sediment deposition has covered important substrate structure and reduced depth variation within
embayments. As a result, habitat diversity within the embayments has decreased since the
construction of the navigation system ( USACE LRD 2000).

Backwater and side channel habitats serve as important production and nursery areas for fish
species within the Ohio River mainstem. Such habitats include sloughs, oxbows, embayments,
and bayous. Ongoing sedimentation may result in reductions in the availability and/or quality of
backwater and sidechannel habitats and, therefore, reductions in the spawning, nursery, and
foraging habitats for some fish species (USACE LRD 2000).
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Islands are another important habitat type in the Ohio River system. Sand and gravel deposits
off the shore of islands provide habitat for mussels. The prevalence of submerged aquatic
vegetation on these deposits also creates fish habitat (USFWS 2017). Fish are also attracted to
the riffle habitat created at the heads of the islands as water moves over the sand and gravel
deposits. However, significant urban or industrial development has occurred on some islands,
such as Neville Island in the Upper Ohio. Increased development may result in excess
sedimentation, increased runoff, and/or increased local water pollution. Additionally, since the
construction of the navigation system, significant erosion has occurred along islands within the
Ohio River. There were 124 islands documented in the Ohio River at the start of the 19"
century, and as of 2000, at least 31 of these islands have completely eroded away (USACE LRD
2000).

2.8 Riparian and Floodplain

Floodplains generally consist of several types of habitat, including tributary channels, backwater
habitats, riparian forests, and wetlands. The heterogeneity of floodplains provides a multitude of
biological benefits and ecosystem services. In seasonally flooded ecosystems, floodplains
provide important inputs of food and nutrients that benefit fisheries production. Many fish
species utilize floodplains for spawning, nursing, and foraging. Floodplains also contribute to
nutrient cycling, specifically through denitrification. To realize these benefits, however, the
floodplain must be connected to the river channel (Schramm et al. 2015).

Historically, the floodplain of the Ohio River consisted predominately of bottomland forest.
Over time, the floodplain was cleared and drained for agricultural and urban land use. Since
1800, USFWS estimates that 71% of the forested riparian habitat has been lost in Pittsburgh
District, 66% in Huntington District, and 37.6% in Louisville District. It has been estimated that
approximately 1000 miles of forested riparian habitat has been lost along the Ohio River over the
past 200 years (USACE LRD 2000).

Today, the Ohio River floodplain remains highly modified. Armored banks and nearshore roads
or railroads are common throughout the Ohio River (ORSANCO 2014). The floodplain along
Emsworth and Dashields pools is heavily developed with industrial and residential land uses
(ORSANCO 2013, ORSANCO 2018). Development generally decreases along the Upper Ohio
reach of the river (ORSANCO 2013, ORSANCO 2015, ORSANCO 2017, ORSANCO 2018) to
Hannibal pool, where the floodplain supports a large amount of vegetation (ORSANCO 2013).
In the Middle Ohio region, agriculture is more prevalent in the floodplain, particularly in R.C.
Byrd (ORSANCO 2013) and Meldahl pools (ORSANCO 2017). The floodplain of Willow
Island pool is largely within the federally protected Wayne National Forest (ORSANCO 2016).
However, industrial activity still exerts a significant influence on the pools in the Middle Ohio
(O