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Note to Reader:

Current Corps policy and guidance allows for consideration of ecosystem restoration projects
to be addressed as part of a navigation study. Potential ecosystem restoration projects may
include those integral to or independent of the navigation facilities. The following report
formulates and evaluates the cost effectiveness of a number of potential ecosystem
restoration projects in the Upper Ohio River that could be implemented under existing
federal authorities with a non-federal cost sharing partner. The results of this study and their
relationship to the navigation formulation study are addressed in the feasibility study Main
Report, Sections 4.7 and 4.8.
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1.0 Introduction

1.0 INTRODUCTION

This study is being conducted as part of a Feasibility Study by the Corps of Engineers,
Pittsburgh District. The overall purpose of the Feasibility Study is to determine whether
new investments in navigation infrastructure are warranted for the Upper Ohio River,
specifically at Emsworth Locks and Dam (ORM 6.2), Dashields Locks and Dam (ORM
13.3), and Montgomery Locks and Dam (ORM 31.7). As approved by HQUSACE
during the Feasibility Scoping Meeting process, the study includes examination of
Ecosystem Restoration opportunities along with possible navigation improvements.
Ecosystem Restoration is a primary mission of the Corps of Engineers Civil Works
Program. The 28 September 2007 CECW-PC Memorandum, Subject: "Upper Ohio
Navigation Study, Pennsylvania, Feasibility Scoping Meeting Package Review
Documentation," stated:

"Inclusion of NER formulation in this study is appropriate, provided that
there is a willing cost share sponsor. NER components of any
recommended plan will not be funded out of the Inland Waterway Trust

Fund."

This Appendix of the Feasibility Study Report evaluates possible Ecosystem Restoration
alternatives to determine those measures that are in the public interest, are economically
justified, and that may be recommended for authorization by Congress.

The Ohio River Mainstem System Study (ORMSS) constitutes the "parent" study for the
current Upper Ohio Navigation Study (UONS), in that one of the findings of the ORMSS
was that additional investment in navigation infrastructure of the Upper Ohio River was
justified from a system-wide perspective. During conduct of the ORMSS, the Corps of
Engineers performed a system-wide analysis of navigation investment needs for the
entire length of the Ohio River. Also as part of the ORMSS, the Corps determined high
priority needs for improving ecosystem structure and function throughout the Ohio River
mainstem. Identification of high priority ecosystem restoration needs for the Ohio River
provided the basis for including the current evaluation as part of the UONS.
Determination of the feasibility (including economic justification) of both specific
navigation and ecosystem restoration improvements, and recommendation for
Congressional authorization of such improvements, are primary objectives of the UONS.
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2.0 Upper Ohio River Preliminary Ecosystem Restoration Study

2.0 UPPER OHIO RIVER PRELIMINARY ECOSYSTEM
RESTORATION STUDY

In 2009, the Corps of Engineers, Nashville District completed a report, "Upper Ohio

River Feasibility Study Ecosystem Restoration Planning Phase 2 Interim Report," dated

January 2009. The report examined the 26 high priority ecosystem restoration needs
identified through the ORMSS (Table 2-1).

Table 2-1 Opportunities for Enhancing Ecosystem Sustainability

Enhance fish passage around or through dams

Dismantle unneeded federal tributary dams

Dismantle unneeded non-federal tributary dams

Increase seasonal flooding in grasslands, bottomland hardwood forests, and other habitats
Allow flows to mimic natural regimes including seasonal and extreme floods and droughts

Restore unique mainstem habitats such as canebrakes, river bluffs and mussel beds

Protect tailwaters and provide structures to serve as refugia for fish

Create spawning shoals and other in-stream features to enhance habitat diversity in
navigation pools

Identify and expand areas of submerged and emergent aquatic vegetation

Protect and manage mussel populations and their habitat on a site-specific basis

Mark critical locations to prevent mooring near mussel beds or special shoreline areas

Mark shallow mussel beds to reduce direct impacts of tow traffic

Provide the navigation industry with charts showing locations of sensitive resources and
include rationale for avoiding such resources

Protect existing aquatic habitats, restore lost habitats and diminished resources

Reintroduce native fauna and expand the range and populations of native fauna from reduced
levels

Control exotics, including minimization of existing populations and prevention of new
introductions

Reduce bacterial contamination from combined sewer overflows

Address point and non-point sources affecting aquatic nutrient balance

Minimize catastrophic contamination events through reduction of spills, accidents, and
improvement of spill response procedures

Continue remediation of CERCLA, brownfields, and other contaminated sites

Reconnect and restore streams with floodplains on the mainstem and tributaries

Protect or restore riparian habitat diversity, including islands, on the mainstem and tributaries
Maintain or restore tributary deltas and connections between rivers and embayments
Reforest lower reaches of tributaries to reduce siltation into embayments and Mainstem

Restore wetlands in upper ends of embayments to reduce siltation and create fish and wildlife
habitat

Conduct economic evaluation of watershed functions and benefits

Page |3



2.0 Upper Ohio River Preliminary Ecosystem Restoration Study

In the Phase 2 Ecosystem Restoration Interim Report, the following measures for
consideration as part of the UONS were identified and discussed:

Boulder Clusters

Dikes (various configurations)

Bendway Weirs

Dredge Hole Reconfiguration

Engineered Log Jams

Gravel Bar Restoration

Interpool Fish Movement

Tributary Fish Movement

Restoration of Tributary Mouths

Creation of Embayments and Backwaters
Subimpoundments

Dam Modifications for Dissolved Oxygen Improvement
Reintroduction of Mussels

Riparian/Floodplain Restoration

Streambank Stabilization

Island Protection

Island Creation

Floodplain Restoration (lowering)

Establishment of Native Aquatic, Riparian, and Floodplain Vegetation
Combinations of Measures
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3.0 UONS Study Area

3.0 UONS STUDY AREA

The UONS consists of the Ohio River mainstem from its origin at the confluence of the
Allegheny and the Monongahela Rivers at Pittsburgh, PA, downstream to the
Pennsylvania-Ohio state line (Figure 3-1). The study area consists of the entirety of three
pools, Emsworth, Dashields, and Montgomery. The New Cumberland Pool downstream
of Montgomery Lock and Dam to the Pennsylvania/Ohio state line (approximately ORM
40) is also included within the study area.

The majority of the study area is characterized by extensive industrial, urban, and
suburban land uses along the river. The region has a long history of extensive
development and use for commercial purposes, and the Pittsburgh area was well known
historically for its role in the industrial revolution, especially its steel making capacity.
During the earliest years of the Nation, Pittsburgh was the major gateway to the western
territories. With the Ohio River flowing from east to west, and water as a primary means
of transportation, Pittsburgh was a logical starting point for explorers and settlers
venturing west.

With the preeminence of the Ohio River as a transportation artery, the demand for a safe,
dependable waterway was a national priority. As transportation technologies progressed
and vessels became larger and more powerful over time, the amount of total cargo
transported on the Ohio River, as well as the volume per vessel, increased. This, in turn,
led to the need for deeper, more reliable channels. After the Civil War, a special Army
Engineer Board concluded that a system of locks and dams on the Ohio River was
preferable to continued dependence on wing dams and dredging or to the construction of
a system of canals to by-pass the Ohio's obstacles. Major William E. Merrill, who was in
charge of Ohio River improvements, needed to develop a system of river regulation dams
that would easily allow passage of coal barges. He concluded that the wicket dam design
developed by Jacques Chanoine in France in 1852 would be best, and, in 1874, he
formally proposed that a series of movable dams, employing Chanoine wickets, be
constructed on the Ohio. After Congress approved Merrill's plan in 1877, the Corps
began constructing the Davis Island project, just south of Pittsburgh. Completed in 7
years, the 110 by 600-foot lock and 1,223-foot dam were the largest in the world at that
time. The Davis Island Lock also was one of the first in the country to use concrete in
place of stone masonry. The Corps' success at Davis Island led Congress to authorize
extension of the project down the Ohio. Later, the Corps increased the initial 6-foot
channel to 9 ft. The project was completed in 1929 at a cost of about $125 million.

The present system of "modern" locks and dams replaced the wicket dams with concrete
structures extending the entire width of the river. The first of these to be constructed
were Emsworth, Dashields, and Montgomery. Each of these projects featured a main
lock chamber 600' long by 110" wide as well as an auxiliary lock chamber 360' long by
60' wide. The dams for these projects are considered high-lift dams, and the resultant
pools provided a minimum navigable channel nine feet deep that exists today.
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3.0 UONS Study Area

Figure 3-1. Ohio River Profile
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3.0 UONS Study Area

3.1  Ecosystem Condition of the UONS Area

Although once a pristine environment, with settlement and municipal/industrial growth
and little regulation, the Ohio River went through a prolonged degradation process. At its
worst condition, the river was incapable of supporting a desirable aquatic community.
Beginning around 1970, passage of key environmental legislation was instrumental in
reversing the degradation and initiating the long road to recovery of aquatic resources of
the upper Ohio River. Most of the early environmental requirements dealt with restoring
the Nation's water quality. Foremost among these, the Clean Water Act employs a
variety of regulatory and non-regulatory tools to sharply reduce direct pollutant
discharges into waterways, finance municipal wastewater treatment facilities, and
manage polluted runoff. These tools are employed to achieve the broader goal of
restoring and maintaining the chemical, physical, and biological integrity of the nation's
waters so that they can support "the protection and propagation of fish, shellfish, and
wildlife and recreation in and on the water."

Whereas the Clean Water Act and other statutes focused on water quality improvement, the
Corps of Engineers' role focuses on restoring other dimensions of habitat degradation (e.g.,
physical and structural) to reverse human induced impacts to a less degraded condition.
With passage of the Water Resources Development Act of 1986, the Corps of Engineers
embarked on its developing mission in ecosystem restoration. This mission has rapidly
evolved since that time to its present purpose of restoring significant ecosystem function,
structure, and dynamic processes that have been degraded. The Corps' ecosystem
restoration efforts involve a comprehensive examination of problems contributing to
system degradation, and development of alternative means for their solution. The intent of
restoration is to partially or fully reestablish the attributes of a naturalistic, functioning, and
self-regulating system. Corps of Engineers ecosystem restoration programs do not seek to
return the environment to a pre-development state, rather, they seek to improve long-term
sustainability of ecosystems that have often been extensively modified.

In 2003, the Corps' Chief of Engineers issued the Environmental Operating Principles to
provide direction and leadership throughout the Corps of Engineers. Accompanying the
principles was a doctrine wherein sustainability was defined for the Corps as:

"a synergistic process whereby environmental and economic

considerations are effectively balanced through the life cycle of project

planning, design, construction, operation and maintenance to improve the

quality of life for present and future generations."

The following sections describe important present day characteristics of five major
elements of the study area:

Emsworth Pool
Dashields Pool
Montgomery Pool
New Cumberland Pool
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3.0 UONS Study Area

Ohio River Islands National Wildlife Refuge.

3.1.1 Emsworth Pool

Emsworth is the uppermost pool on the Ohio River mainstem and has a surface area of
approximately 2,880 acres. The following description is taken from the Ohio River
Valley Water Sanitation Commission (ORSANCO) Report "a Biological Study of the
Emsworth Pool of the Ohio River," (2007). The Emsworth pool is 6.2 miles long,
extending from Pittsburgh Point (ORM 0.0) to Emsworth Locks and Dam (ORM 6.2).
The pool has a gradient drop of 0.0 ft per mile, averages 1,456 ft wide and 21 ft deep
(ORSANCO 1994). The entirety of the pool lies in Pennsylvania. Emsworth pool
extends upstream beyond the confluence of both the Allegheny (6.2 miles) and
Monongahela rivers (11.2 miles) to the most downstream dam on each river (ORSANCO
2007). This pool lies in a portion of the Ohio River where the immediate land use
consists of residential and industrial development (9.2%), but the surrounding land use
within the watershed is forested (68.9%) and agriculture (17.3%).

In 2007, ORSANCO biologists surveyed the Emsworth Pool, and applied their results to
produce a biological assessment of the pool. Sampling protocol followed that developed
for the Ohio River Fish Index (ORFIn) as described by Emery et al (2003). The ORFIn
incorporates 13 attributes, or metrics, of the fish community that, when compiled, provide
an accurate representation of the overall condition of the Ohio River fish community.
These 13 metrics take into account several different aspects of the fish population,
including diversity, abundance, feeding and reproductive guilds, pollution
tolerance/intolerance, and fish health.

Large rivers have distinct habitat types, including unique microhabitats (Reash 1999).
Therefore, extensive habitat surveys were conducted for each area sampled, including
thorough substrate and depth measurements. Descriptions of the riparian corridor
adjacent to the sampling zone and the presence of woody material available as fish cover
were also recorded. Depth and substrate composition were measured at 66 points
throughout each 500m sampling zone. Six points along the shoreline were selected
throughout the length of the zone, at 0, 100, 200, 300, 400 and 500m. From each of these
points, depth was recorded at 10 ft intervals beginning at the shore/water interface and
moving away from the shore for 100 ft. Woody cover, which included submerged brush,
logs, and stumps, was estimated visually. These methods were also used to gather data
reported on the other pools below. Using these data, each site, or electrofishing zone,
was assigned to one of five existing classes of habitat: ‘A’, ‘B’, ‘C’, 'D', or 'E'. Sites
assigned to habitat class ‘A’ are characterized by the presence of large substrates such as
cobble and boulders. Sites that fall in habitat class ‘C’ are dominated by sand (small
substrates), and habitat class ‘B’ describes sites that fall between ‘A’ and ‘C’ with a mix
of large and small substrate materials. Class ‘D’ and ‘E’ sites exhibit large amounts of sand
and fine substrates (>77%), however these two classes differ with respect to depth. Habitat
class ‘D’ sites are relatively shallow while class ‘E’ sites exhibit a larger percentage of >20ft
depths.
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3.0 UONS Study Area

In 2007, fish population data were collected from 15 randomly selected locations
throughout the length of the Emsworth pool. These collections produced 42 species and
1 hybrid taxa, representing 11 different families. Eight of the 42 species were listed in
PA as either endangered, threatened, or of special concern. These included the silver
chub (Macrhybopsis storeriana), river shiner (Notropis blennius), channel darter
(Percina copelandi), smallmouth buffalo (Ictiobus bubalus), skipjack herring (Alosa
chrysochloris), mooneye (Hiodon tergisus), river redhorse (Moxostoma carinatum) and
longnose gar (Lepisosteus osseus). No federally listed taxa were collected from the
Emsworth pool. At the species level, the most abundant species were bluegill (Lepomis
macrochirus), smallmouth bass (Micropterus dolomieu), and sauger (Sander canadensis),
which comprised 14.5%, 12.9% and 10.8% of the catch respectively. The three dominant
families were the sunfishes and black basses (Centrarchidae), perches and darters
(Percidae), and suckers (Catostomidae) which comprised 33.7%, 18.9%, and 18.4% of
the catch respectively.

Intensive habitat surveys at each of the 15 sampling locations revealed that the bottom
substrate in the Emsworth pool was mostly composed of gravel and sand, with a smaller
percentage of cobble and fines. The Emsworth pool was dominated by class ‘B’ habitats,
which accounted for all but one of the samples. There were no class 'C' habitats sampled
in the pool. Woody cover was present in 14 of the sites sampled. Barges and/or mooring
cells were present at 5 sites and were commonly observed throughout the pool. The
riparian land use was primarily forest and industry.

ORFIn scores were calculated for each of the sites sampled. Out of a possible 65, the
maximum score achieved by any site in this pool was 57 and the minimum was 35. By
comparing observed and expected ORFIn scores, ORSANCO assessed each site as either
passing or failing. All 15 sites sampled in 2007 scored higher than the minimum
expected scores and received passing evaluations. With 100% of the sites passing, the
pool was assessed as supporting its aquatic life use designation. Seven sites received an
excellent rating (47%), five sites were found to be in good condition (33%) and three
were in fair (20%) condition.

According to the 2007 assessment, the fish population of Emsworth pool was in
exceptional condition. The 42 species collected indicated a diverse community.
Sunfishes and black basses were the most common family. Bluegill and smallmouth bass
were the two dominant species in the pool accounting for 27.4% of the total individuals
collected. Several species listed as threatened or endangered in PA were collected from
the pool in moderate abundances. River shiners and silver chubs were considered
endangered and collections yielded 1 and 26 individuals respectively. Three species of
threatened status were collected. There were 97, 20, and 8 individuals of smallmouth
buffalo, mooneye, and skipjack herring, respectively. Based on PA’s list of imperiled
species, the Ohio River proper and the lower portions of the Allegheny and Monongahela
rivers provided suitable conditions for these species.

An average of 157.9 individuals (excluding gizzard shad (Dorosoma cepedianum) and
emerald shiners (Notropis athernoides)) was collected at each site in Emsworth pool.
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3.0 UONS Study Area

The two most abundant fishes (i.e., bluegill and smallmouth bass) were also collected in
considerably higher proportions than in other pools. In comparison to other pools, the
fish community was in outstanding condition.

3.1.2 Dashields Pool

Dashields Pool is downstream of Emsworth and has a surface area of approximately
1,216 acres. The following information is taken from the ORSANCO (2008) Biological
Survey Report for the Dashields Pool. The Dashields pool is 7.1 miles long, extending
from Emsworth Locks and Dam (ORM 6.2) to Dashields Locks and Dam (ORM 13.3).
The pool has a gradient drop of 0.7 ft per mile and averages 1,467 ft wide and 14 ft deep
(ORSANCO 1994). The entirety of the pool lies in Pennsylvania. This pool lies in a
portion of the Ohio River heavily influenced by industry with a large amount of barge
activity. These watersheds are primarily forested (60.7%), but also have a considerable
amount of pasture lands (12.0%) and row crops (5.2%).

Fish population data were collected in 2008 from 15 randomly selected locations
throughout the length of the Dashields pool. These collections produced 31 species and 1
hybrid taxa, representing 10 different families. Five of these taxa were listed in PA as
either endangered (silver chub), threatened (smallmouth buffalo and mooneye), or of
special concern (river redhorse and longnose gar). No federally listed taxa were collected
from the Dashields pool. At the species level, sauger was the most abundant individual
species comprising 15.6% of the catch. The perch/darter family (Percidae), made up
30.3% of the total catch, followed by the sucker family which made up 19.9% of the
catch.

Intensive habitat surveys were conducted at 13 of the 15 sampling locations and revealed
that the bottom substrate in the Dashields pool had a relatively even mixture of fines,
sand, gravel, and cobble substrates with some variation among the individual sites. The
percentages of substrate variables were used to give each site a habitat classification of
‘A’, ‘B’, °C’, ‘D’, or ‘E’. One site in the Dashields pool was classified as class ‘A’
habitat, 8 sites were class ‘B’ habitats, and 4 sites were class ‘C’ habitats. There were
zero ‘D’ and ‘E’ habitat classes sampled in the pool. Woody cover was present at 14 of
the 15 sites sampled and overhanging vegetation was present at all but two sites.
Riparian land cover was primarily natural forest with industrial and residential land-uses
also present. Barge activity was heavy throughout the pool, while mooring structures
were present at only two of the sites sampled.

MORFTIn scores were calculated for each of the sites sampled from which fish and
substrate data were both collected. MORFIn is an updated version of ORFIn, wherein
habitats are scored as one of five types rather than one of three types as in ORFIn (Eric
Emery, personal communication). The maximum score achieved by any site in the pool,
out of a possible 100, was 62.9 and the minimum was 28.9. By comparing observed and
expected MORFIn scores, ORSANCO determined if a site met its expectations (based on
habitat class) or not. Five (38%) of the 13 sites fully assessed in 2008 scored less than
the minimum expected scores and were assessed as either poor or very poor. The
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3.0 UONS Study Area

remaining 8 sites (62%) received a fair or good quality rating and zero of the sites were
assessed as being very good or excellent.

In 2008, the fish population of Dashields pool did not appear to be in very good
condition. The number of individuals and species was not as high as anticipated or as
high as other surveyed pools. The most abundant species in the survey were sauger (192
individuals), logperch (166 ind.), smallmouth bass (163 ind.), and gizzard shad (123
ind.). The only darter species (log perch) was the second most abundant species. This
species is 1 of 7 intolerant species found within Dashields pool. Others include:
smallmouth redhorse, river redhorse and mooneye. Common carp (Cyprinus carpio) and
green sunfish were the only two tolerant species collected during the survey.

The habitat assessments show that in Dashields pool there was a dominance of class ‘B’
habitats indicating that most sites had a moderate composition of coarse substrates. Class
‘C’ habitats were also relatively abundant indicating that there was a moderate
composition of fine substrates (sand, fines, and hardpan). The instream habitat in the
pool appeared adequate to sustain healthy fish populations due to the abundance of
woody cover and heterogenous substrates. However, Dashields pool is unique because
there are no major tributaries emptying into the pool. This could restrict the pool’s ability
to harbor a healthy fish assemblage as tributaries serve as refugia, spawning, and nursery
areas for many Ohio River fishes. Additionally, Dashields pool is potentially subject to
numerous negative industrial and anthropogenic influences within its relatively small size
(7.1 miles). The overall average quality score in Dashields pool was 1.7 (out of 5),
indicating the pool is in poor biological condition. The data collected in 2008 indicated
that the Dashields pool did not meet the biocriteria established by ORSANCO’s
Biological Water Quality Subcommittee and failed to meet (support) its aquatic life-use
designation.

An average of 74.1 individuals (excluding gizzard shad and emerald shiner) was
collected at each site in Dashields pool, which ranked third worst in comparison to other
Ohio River Pools. If gizzard shad and emerald shiners were not included, the Dashields
pool had the lowest average number of individuals per site (81.9 individuals) of any pool
assessed as of 2008. In addition to the information collected for MORFIn purposes,
benthic trawling conducted within Dashields pool produced Tippecanoe darters
(Etheostoma tippecanoe). Trawls also yielded these darters in Hannibal pool. These are
thought to be the first records of Tippecanoe darters collected from the mainstem of the
Ohio River. This species is listed in the state of Pennsylvania as threatened.

3.1.3 Montgomery Pool

Montgomery Pool is downstream of Dashields and has a surface area of approximately
3,008 acres. The following information is taken from the ORSANCO (2006) Biological
Survey Report for the Montgomery Pool. The Montgomery pool is 18.5 miles long,
extending from Dashields Locks and Dam (ORM 13.2) to Montgomery Locks and Dam
(ORM 31.7). The pool has a gradient drop of 0.2 ft per mile, averages 1376 ft wide and
25 ft deep. The pool flows entirely within the state of Pennsylvania. This pool lies in a
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portion of the Ohio River heavily influenced by industry and begins just 13 miles below
the city of Pittsburgh. Much of the shoreline is influenced by steel mills, rail yards and
other industries. The Montgomery pool receives water from two sub-basins: Beaver
River and Raccoon Creek. Land use of these watersheds is primarily agricultural with
large amounts of forest, and some urban influences.

In 2006, fish population data were collected from 15 randomly selected locations
throughout the length of the Montgomery pool. These collections produced 41 species,
representing 10 different families. Two of those species, grass carp (Ctenopharyngoden
idella) and common carp, were nonnatives. Nine of these taxa are listed in PA as either
threatened, endangered or of special concern. These include longnose gar, mooneye,
silver chub, smallmouth buffalo, river redhorse, spotted sucker, longear sunfish,
warmouth and channel darter. At the species level, the most abundant species were
smallmouth buffalo and sauger, which comprised 12.9% and 12.8% of the catch
respectively. The dominance of these two species was directly reflected at the family
level. The sucker family dominated in abundance, making up 37.5% of the total catch,
followed by the perch family, which made up 16.5% of the catch.

Intensive habitat surveys at each of the 15 sampling locations revealed that the bottom
substrate in the Montgomery Pool was mostly composed of sand (33%) and gravel
(27%), with some portions of cobble and fines and a small percentage of boulders.
However, there was some variation among the individual sites. The percentages of
substrate variables were used to give each site a habitat classification of ‘A’, ‘B’, or ‘C’.
The Montgomery Pool was dominated by class ‘A’ habitats, which account for 60% of
the samples. The remaining 40% of the samples was classified as class ‘B’ habitats, and
no class ‘C’ habitats sampled in the pool. Woody cover was present in 12 of the 15 sites
sampled, but only 7 sites had cover at more than 10% of the area. Riparian land use was
primarily industrial and forest.

ORFIn scores were calculated for each of the sites sampled. The maximum score
achieved by any site in this pool out of a possible 65 was 49 and the minimum was 23.
By comparing observed and expected ORFIn scores, ORSANCO assessed each site as
either passing or failing. All but two of the 15 sites sampled in 2006 scored higher than
the minimum expected scores and received passing evaluations. Eighty-seven percent
(87%) of the sites were in passing condition with an estimated precision of +/- 14%. Five
sites (33%) received a good condition rating, eight sites (54%) were found to be in fair
condition and two (13%) were in poor condition.

The fish population of Montgomery Pool appears to be in fair to good condition. The 41
species collected indicate a diverse population. It is unexpected for smallmouth buffalo
and sauger to outnumber the shad and minnows. Forage fish normally outnumber other
species; their absence, as well as others, may be attributed to high flows observed during
sampling. The habitat assessments show that Montgomery Pool has slightly more ‘A’
habitats than ‘B’ habitats and few, if any, class ‘C’ habitats. While much of the substrate
is sand and gravel, there are enough larger substrates to provide good habitat for the fish
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population. The woody cover present at many of the sites also supplements the habitat
available.

Data collected in 2006 indicate that the Montgomery Pool is in fair to good condition.
The analysis indicates that the estimated percentage of the pool in failing condition is
13.3% (+/- 14%). This estimate overlaps the threshold (25%) established to determine if
a pool meets its aquatic life use designation, creating some uncertainty. Normally the
pool would require additional sampling to confirm that it is indeed in passing condition.
However, ORSANCO biologists have decided to accept the Montgomery pool as meeting
its aquatic life use designation, focusing more on the estimate of 13.3% than on the range
of precision. Biologists have concluded that limited resources are better spent assessing
new areas of the Ohio River and are willing to accept this assessment. This decision was
supported by the members of the ORSANCO Biological Water Quality Subcommittee.

3.1.3.1 Montgomery Slough

A significant resource within Montgomery Pool that deserves special mention is
Montgomery Slough. Although relatively small (23.57 water surface acres plus
surrounding lands), this is the most significant backwater/embayment area within the
study area. It has been considered for incorporation into the Ohio River Islands National
Wildlife Refuge (ORINWR) and is within the expanded authorized boundary for the
updated land management plan for the refuge. The site is under ownership by one
landowner (private) who is receptive to inclusion of the site into an ecosystem restoration
area. This individual’s family has owned the property for several decades and is
knowledgeable on its land use history. In the past, 38.02 acres of the site have been used
as a dredged disposal containment area (about 1975-2004), and there is a modified
floodplain strip between the highway and river. The narrow (approximately 141 ft)
mouth of the embayment joins the Ohio River on the right bank immediately above
Montgomery Dam within a restricted access zone. This limits boat access to the
embayment; access must be coordinated with the Montgomery L&D lockmaster and is
only allowed under certain flow conditions.

The embayment was visited by boat, on August 5,2009, by personnel from the PA Fish
and Boat, Three Rivers Biological Station, and the Corps. Water depths were generally 3
ft at mid-channel within the embayment. Bottom substrate was probed, and it was
confirmed to be a soft sediment accumulation with a thickness of two feet or more. The
substrate material was dark, as compared to river depositions, indicating a large amount
of organic material. The fringe of the embayment was lined with emergent plants. For
the most part the plants were native, although some scattered purple loosestrife (Lythrum
salicaria) was observed. The upper end of the embayment is now an emergent wetland
that has developed in shallow water. The open water area was predominantly open
mudflats with soft deposition and little cover or large woody debris.

The embayment is separated from the river by a narrow peninsula of land that contains a

bottomland hardwood forest of native species such as sycamore (Platanus occidentalis),
silver maple (Acer saccharinum), and river birch (Betula nigra). This area exhibits
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native vegetation with little improvement needed with the exception of some limited
removal of exotics such as multiflora rose (Rosa multiflora). The northern side of the
embayment consists of a narrow strip of land between the water and railroad. Land
slopes steeply up to the railroad bed. This side is vegetated, but not as high quality as the
river side.

The eastern portion of the land contained a former dredge disposal area that is apparent
by the steep rise in land of about 15-25 ft. This area operated from about 1975 to 2004
and was used as a deposition site for maintenance dredging at various commercial river
fleeting areas in the Montgomery Pool. It was developed in cells that were ringed by
large stone or concrete debris with dredged material deposited inside the cells. The
disposal area is very apparent from the river, as the floodplain changes from a low
bottomland forest to a steep bluff within the former site then back to low bottomland
forest at the lower peninsula. Kingfisher nests were observed in the higher filled banks.
Vegetation on the former disposal facility was primarily opportunistic species and
exotics. Only a limited portion of the site was accessed during the August 2009 survey,
and it contained clusters of Japanese knotweed and thick herbaceous cover. Trees were
succession species such as tree of heaven (Ailanthus altissima). Older cells closer to the
embayment contained greater cover of trees than did newer areas. The northern edge of
the property is a corridor of land that was the route of the former highway. This road
section was realigned to tie into the elevated bridge crossing the railroad. According to
the landowner, after completion of the new bridge, the former road section was used for
disposal of concrete debris before being buried by soil and vegetated with crown vetch.
Ownership of this corridor is unknown. The area appears to be utilized by birds and
mammals. Deer paths were observed in the area. Birds such as great blue herons, little
blue heron, kingfisher, and wood ducks were observed during the site visits. Wood duck
boxes have been installed in the embayment by unknown parties.

The PA Fish and Boat Commission conducted an electrofishing survey of the
Montgomery Slough embayment in September 1979. In a December 14, 1979 letter to
the US Fish and Wildlife Service (Enclosure 1), the Commission stated:
“Since this embayment is the only such area along the Ohio River in
Pennsylvania, it does carry with it particular significance being that it is a
one-of-a-kind ecosystem. Although the specific fish species found in the
embayment may be found in other places in the river system, the entire
aquatic environment is unique in the fact that no other area along the Ohio
River in Pennsylvania has the aquatic plant life and wetland habitat
association.”

In October 2009, an extensive field investigation of the Montgomery Slough area was
conducted as part of the present study (Enclosure 2). Federal or State listed threatened
and endangered species and any associated critical habitats were not observed during the
field reconnaissance. Consultation regarding the potential presence of threatened or
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endangered species within the study site was conducted via the Pennsylvania Natural
Diversity Inventory (PNDI) Environmental Review online database. This online database
review tool identifies potential impacts for use by Federal (United States Fish and
Wildlife Service [USFWS]) and state agencies (Pennsylvania Game Commission [PGC],
Pennsylvania Fish and Boat Commission [PFBC] and Pennsylvania Department of
Conservation and Natural Resources [PADCNR]) within the Study Site. Two state-listed
species under jurisdiction of the PFBC were identified as potentially occurring within the
study site. These species include one state-listed threatened species, Skipjack herring,
and one state-listed endangered species, the Black bullhead (Ameriurus melas). Three
state-listed Special Concern Species were also identified as potentially occurring within
the Study Site: Fragile papershell (Leptodea fragilis), Pink heelsplitter (Potamilus alatus)
and Mapleleaf (Quadrula quadrula). The PFBC recommends a Voluntary Conservation
Measure be implemented at the study site by establishing a 100- to 300-foot wide
vegetative buffer adjacent to each side of the waterway. This buffer will serve to
minimize sedimentation from entering the waterbody and reduce potential to impact
aquatic species of concern. Siltation and turbidity can decrease water quality, and in turn
disrupt and impair the life cycle of aquatic species. No federally-listed species were
identified during the PNDI review for the Study Site.

Seven habitat types were identified during the October 2009 survey. These included:
bottomland hardwood forest area, disturbed area, palustrine emergent wetland area, open
water area, upland shrub and herbaceous area, riparian area, and stream area. A summary
of habitat acreages and percent vegetative cover is included in Table 3-1.

Table 3-1. Habitats and Vegetation Coverage Identified Within the
Montgomery Slough Study Site.

Ground Sapling /

Cover Sflrug Canopy
Bottomland Hardwood Forest Area 23.84 75% 40% 90%
Disturbed Area 38.02 85% 50% 50%
Palustrine Emergent Wetland Area 1.31 95% 20% 10%
Open Water Area 22.26 0% 0% 0%
Upland Shrub and Herbaceous Area 2.32 95% 25% 10%
Riparian Area 14.82 90% 65% 65%
Stream Area 0.03 0% 0% 0%

3.1.3.1.1 Bottomland Hardwood Forest. A bottomland hardwood forest, covering
approximately 23.84 acres was identified within the study site. The dominant species
observed within the forest included silver maple, green ash (Fraxinus pennslyvanica),
sycamore, red mulberry (Morus rubra), silky dogwood (Cornus amomum), common
blackberry (Rubus allegheniensis), and New York ironweed (Vernonia noveboracensis).

Mature silver maple, sycamore, and green ash, were observed throughout the bottomland

hardwood forest area. Thick stands of common blackberry, flowering dogwood (Cornus
florida), and red mulberry inhabited the area along the northern shoreline of the
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embayment. New York ironweed dominated the herbaceous layer within the bottomland
hardwood forest. Soils within the bottomland hardwood forest were identified as Prime
Farmland Soils by NRCS mapping of the site.

The bottomland hardwood forest was determined to provide High Quality habitat due to
the stands of mature hardwoods and readily available forage areas for wildlife.

3.1.3.1.2 Disturbed Area. A previously disturbed area covering approximately 38.02
acres was identified within the study site. This area was altered during previous dredge
disposal operations that resulted in the placement of a large quantity of dredge spoil fill
material in this area. According to the NRCS Soil Survey data, the disturbed area is
located on soils that were considered Prime Farmland prior to the placement of dredge
spoil materials. Placement of this fill material significantly impacted the native
vegetation community and altered the natural drainage patterns within this portion of the
Study Site. The dominant vegetation species observed within the disturbed area included
silver maple, green ash, cottonwood (Populus deltoids), black willow (Salix nigra),
Japanese knotweed (Polygonum cuspidatum), Tree-of-Heaven, smooth sumac (Rhus
glabra), New York ironweed, goldenrod (Solidago sp.), and rush (Juncus sp.).

Disturbed area habitat ranged from early succession forest along its eastern portion, to
open field with scattered cottonwood and green ash saplings within the central portion, to
immature bottomland forest along the western portion. The disturbed area had
undulating topography with numerous hills and valleys throughout. The eastern portion
contains man-made earthen hills/levees with vegetation consisting of cottonwood,
Japanese knotweed, and goldenrod. The vegetation within the central portion of the
disturbed area consisted of open field with scattered cottonwood, green ash, goldenrod,
and Japanese knotweed in the upland areas, while black willow and rushes dominated the
lower areas. The western portion contained many man-made earthen hills/levees covered
by large stands of silver maple and green ash with a thick understory of Japanese
knotweed and New York ironweed.

The disturbed area was determined to provide Low Quality habitat due to the prevalence
of Japanese knotweed and Tree-of-Heaven, both identified by the PADCNR as invasive
species. The previous use of the site for dredge spoil disposal also lowered the habitat
value of the site. It may be noted that the dredge spoil may or may not contain
contaminants that would also affect the quality of habitat, even if the vegetation were
more typical and mature.

3.1.3.1.3 Palustrine Emergent Wetland Area. A palustrine emergent wetland area
approximately 1.31 acres in size was identified during the field reconnaissance of the
study site. This wetland is located along the eastern edge of the open water area of the
study site. At the time of the field reconnaissance, this wetland contained areas of
standing water, receiving its hydrology from a stream flowing onto the study site from
the north. The dominant species identified within the wetland included broadleaf cattails
(Typha latifolia), black willow, cottonwood, rush, silky dogwood, duck potato (Sagittaria
latifolia), panic grass (Panicum sp.), and goldenrod. Soils within the herbaceous wetland
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area were identified as Prime Farmland Soils according to NRCS soils mapping available
for the area. Soils are Philo silt loam and Pope silt loam, both of which are hydric.

The palustrine emergent wetland area was determined to provide Medium Quality habitat
for many species (e.g., reptiles, amphibians, aquatic insects, fish, etc.) that inhabited the
area. Wetlands also provide water filtration functions beneficial to the ecosystem.

3.1.3.1.4 Open Water Area. Open water habitat was identified within the embayment
covering approximately 22.26 acres of the study site. In a survey conducted by the PFBC
and the Corps on August 5, 2009, the embayment was observed to have standing water to
a depth of approximately three feet. The bottom substrate was observed to consist of
soft sediment approximately two feet in depth and contained large amounts of organic
materials. The edge (shoreline) of the embayment contained emergent vegetation
including cattails, purple loosestrife and duck potato.

Based on the information included in Corps' Site 14 Montgomery Slough Fact Sheet and
observations made during the site reconnaissance, the open water habitat appears to
provide High Quality habitat for numerous species of wildlife, aquatic species,
waterfowl, reptiles, amphibians, and mammals.

3.1.3.1.5 Upland Shrub and Herbaceous Area. An upland shrub and herbaceous area
approximately 2.32 acres in size was identified within the study site. The dominant
species observed within the upland shrub and herbaceous area included Tree-of-Heaven,
common teasel (Dipacus sylvestris), flowering dogwood, goldenrod, curly dock (Rumex
crispus), panic grass, green ash, black willow, and Queen Anne’s lace (Daucus carota).
Soils within the upland area are not considered Prime Farmland Soils according to NRCS
soils mapping available for the area.

The upland shrub and herbaceous area contained many species indicative of previously
disturbed areas with sloping topography. Tree-of-Heaven, common teasel, panic grass,
green ash, and flowering dogwood dominated the areas of higher topography, while curly
dock, black willow, and goldenrod dominated the lower areas.

The upland shrub and herbaceous area was determined to provide Low Quality habitat
due to the abundance of Tree-of-Heaven, a species identified by PADCNR as an invasive
species.

3.1.3.1.6 Riparian. The riparian area covers approximately 14.82 acres and occupies a
narrow strip of land between the water’s edge of the embayment and the railroad right-of-
way. The dominant species identified within the riparian area included silver maple,
sycamore, green ash, red mulberry, black cherry (Prunus serotina), black willow,
common buckthorn (Rhamnus cathartica), multiflora rose, common blackberry,
spikerush (Eleocharis obtusa), rush, cattail, frost grape (Vitis riparia), and American
pokeweed (Phytolacca americana).

Vegetation within the riparian area consisted of species tolerant of moist soil conditions
near the embayment shore and upland species in areas of higher elevation. Vegetation
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observed near the embayment shoreline included spikerush, black willow, rush,
multiflora rose, cattail, American pokeweed and red mulberry. The riparian habitat
transitioned to a facultative plant regime that included silver maple, sycamore, common
buckthorn, green ash, red mulberry, frost grape, and black cherry as the land elevation
increased near the railroad.

The riparian habitat was determined to provide Medium Quality habitat for wildlife.
Many of the plant species identified within the riparian area provided cover and foraging
habitat for wildlife. Invasive species occurring within the riparian habitat, as classified
by PADCNR, included multiflora rose and common buckthorn.

3.1.3.1.7 Stream Area. Three shallow streams with soil substrates totaling
approximately 0.03 acres were identified within the study site. The streams contained
standing water at the time of the site reconnaissance. The streams entered the study site
from the north through culverts under the railroad right-of-way and subsequently flowed
into the herbaceous wetland. The dominant species identified along the stream banks
included black willow, cattail, silky dogwood, rush, and panic grass.

The streams within the Study Site were determined to provide Medium Quality habitat as
the natural water flow was altered by past installation of culverts to the north. However,
these streams were providing hydrology to the emergent and open water wetlands in a
limited capacity.

3.1.3.2 Invasive Species

Numerous invasive species were identified within the study site. These species included:
Japanese knotweed, multiflora rose, Tree-of-Heaven, purple loosestrife and common
buckthorn. These species are identified by PADCNR as invasive species. The highest
concentration of invasive species was observed within the disturbed area, and included
large stands of Japanese knotweed and groves of Tree-of-Heaven. Multiflora rose, Tree-
of-Heaven, Japanese knotweed and common buckthorn were observed along the edge of
the riparian habitat near the railroad right-of-way. The upland shrub and herbaceous
habitat contained Japanese knotweed and Tree-of-Heaven. The remainder of the habitats
appeared to have minimal if any invasive species present.

3.1.3.3 Wildlife

During the site reconnaissance, numerous species and signs of wildlife were observed.
The species observed included sparrows, warblers, grackles, herons, woodpeckers, ducks,
geese, and turtles. A common snapping turtle (Chelydra serpentine) was observed
resting within the emergent wetland habitat. Also, white-tailed deer (Odocoileus
virginianus) tracks and bedding areas were observed throughout the study site.

Migratory birds including wood ducks (Aix sponsa) and Canada geese (Branta
canadensis) were observed in the Open Water habitat within the embayment at the study
site. Sparrows, warblers, grackles, and other passerines were observed throughout the
study site.
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3.1.3.4 Wild and Scenic Rivers

The Ohio River is not a component of the National Wild and Scenic Rivers System or the
Pennsylvania Scenic Rivers System (http://www.dcnr.state.pa.us/bre/rivers/scenicrivers/
locationmap.aspx).

3.1.3.5 Conclusions

The October 2009 site survey found that the study site offers the potential for use as a
wildlife habitat restoration opportunity. The study site contains a mixture of Low,
Medium, and High Quality habitats within the approximate 102-acre parcel.

The bottomland hardwood forest area covers approximately 23% of the study site and
provides mature hardwood forest habitat for both resident and migratory wildlife species.
Dominant vegetation includes native species with minimal areas of invasives noted
during the field reconnaissance. The bottomland hardwood forest area provides High
Quality habitat for wildlife in its present condition.

The disturbed area covers approximately 37% of the study site and currently provides a
mix of early succession forest, open field, and immature bottomland forest. The
disturbed area was considered Prime Farmland prior to the placement of dredge spoil fill
material, which significantly altered the natural drainage patterns, elevation, and
vegetation species present in this area. As a result, this area provides Low Quality habitat
to wildlife due to the disturbed conditions and the dominance of invasive plant species.

The palustrine emergent wetland area covers less than 1% of the study site but provides
habitat for aquatic and terrestrial species immediately adjacent to the open water
embayment. This area provides Medium Quality habitat to wildlife in its present
condition.

The open water area covers approximately 22% of the study site and provides Medium
Quality habitat to wildlife in its present condition. Herbaceous vegetation was present
along the shoreline and included purple loosestrife which is considered a noxious weed in
Pennsylvania.

The upland shrub and herbaceous area covers approximately 2% of the study site and
provides Low Quality habitat to wildlife in its present condition. Invasive and
opportunistic species dominate this area.

The riparian area covers approximately 14% of the study site and provides Medium
Quality habitat to wildlife in the present condition. This area occupies a narrow strip of
land between the northern shoreline of the embayment and the railroad right-of-way.
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3.1.4 New Cumberland Pool

The following information is taken from the ORSANCO (2005) Biological Survey
Report for the New Cumberland Pool. The New Cumberland Pool is 22.7 miles long,
extending from Montgomery Locks and Dam (ORM 31.7) to New Cumberland Locks
and Dam (ORM 54.4). The pool has a gradient drop of 0.2 ft per mile, averages 1439 ft
wide and 22 ft deep. The pool flows within the state of Pennsylvania for the upper nine
miles and is bordered by Ohio and West Virginia for the remaining 13.7 miles. This pool
lies in a portion of the Ohio River heavily influenced by industry and is just 31.7 miles
below the city of Pittsburgh. The New Cumberland Pool receives water from three major
sub-basins: the Allegheny, Monongahela, and Beaver Rivers, consisting of primarily
forested and cropland watershed activities, but also with significant urban influences.

In 2005, fish population data were collected from 15 randomly selected locations
throughout the length of the New Cumberland Pool. These collections produced 50 taxa,
representing 10 different families. Seven of these taxa are listed in PA as either
threatened, endangered or of special concern. These include longnose gar, mooneye,
skipjack herring, silver chub, smallmouth buffalo, river redhorse, and (Percina
copelandi). Two of those seven (river redhorse and channel darter) are also given special
status in OH. At the species level, the most abundant species were freshwater drum and
gizzard shad, which comprised 28.8% and 23.6% of the catch respectively. The
dominance of these two species was directly reflected at the family level. The drum
family dominated in abundance, making up 25.6% of the total catch, followed by the
shad and herring family, which made up 21.0% of the catch.

Intensive habitat surveys at each of the 15 sampling locations revealed that the bottom
substrate in the New Cumberland Pool was almost equally composed of sand, gravel,
cobble, and fines with a smaller percentage of boulders. However, there was some
variation among the individual sites. Percentages of substrate variables were used to give
each site a habitat classification of ‘A’, ‘B’, or ‘C’. The New Cumberland Pool was
dominated by class ‘A’ habitats, which account for two-thirds of the samples. The
remaining third of the samples was classified as class ‘B’ habitats. There were no class
‘C’ habitats sampled in the pool. Woody cover was present in 14 of the 15 sites sampled,
riparian land use was primarily industrial, and barge influence was present throughout the
majority of the pool.

ORFIn scores were calculated for each of the sites sampled. The maximum score
achieved by any site in this pool was 55 and the minimum was 37. By comparing
observed and expected ORFIn scores, ORSANCO assesses each site as either passing or
failing. All 15 sites sampled in 2005 scored higher than the minimum expected scores
and received passing evaluations. With 100% of the sites passing, the pool was also
assessed as passing. Six sites received an excellent condition rating, five sites were found
to be in good condition and four were in fair condition.
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3.1.5 Ohio River Islands National Wildlife Refuge

Established in 1990, the refuge extends along 362 miles of the upper Ohio River with 22
scattered islands and three mainland properties. The refuge works to protect wildlife and
habitats native to the Ohio River and its floodplain. Migratory birds and endangered
freshwater mussels are among the important wildlife emphasized on the refuge. With
help from The Nature Conservancy, the USFWS (Service) bought eight islands once
owned by a sand and gravel company. Through willing-seller purchases and donations,
the refuge has grown to include 22 islands and three mainland tracts. Most of the refuge
lies within West Virginia, but Pennsylvania and Kentucky each hold two refuge islands.
The 3,354 acres of land and underwater habitat that make up the refuge today represent a
commitment to the future of wildlife and a tie to the “wild Ohio” that had all but
disappeared.

In 2004, the USFWS completed a Final Comprehensive Conservation Plan (CCP) that
outlined the following goals for the refuge:

Goal 1: Preserve and restore wetland, riverine and riparian habitat in order to maintain a
natural abundance and diversity of native species that are endemic to the Ohio River
floodplain (with emphasis on trust resources, endangered and threatened species, and
other species of concern).

Goal 2: Collect sufficient biological data so that informed management decisions may be
made for enhancing or controlling priority wildlife or plant populations.

Goal 3: Promote and support priority compatible fish and wildlife-dependent uses while
maintaining the long-term health of the ecosystem and Service trust resources.

Goal 4: Raise public awareness of the values of the islands, embayments, and wetlands of
the Ohio River.

Goal 5: Support the needs and staff of the Ohio River Islands NWR with sufficient staff,
facilities, and equipment to fulfill the station's approved plan.

Goal 1 is particularly relevant to the UONS Ecosystem Restoration effort. Land
acquisition and protection is a foundation of the National Wildlife Refuge System.
Current Service policy is to acquire land only: 1) from willing sellers, as funds become
available; and 2) when other means to achieve program goals are not appropriate or
effective. The Service's immediate focus will be on the protection and purchase of the
remaining islands of interest. Objectives of the CCP are:

1. Restore an average of 50 acres annually of floodplain forest through plantings of
native bottomland hardwoods.

2. Control or eradicate an average of 30 acres of invasive plant species annually

through mechanical, chemical, and biological techniques and evaluate their
effectiveness.
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10.

11.

Between 2001 and 2010, acquire or protect (through fee title purchase, donation,
or easement) 2,537 acres of remaining islands - Fish Creek, Eightmile, Mustapha,
Gallipolis, Brush Creek, Neal, Newberry, Halfway, Lower Sister, Manchester
Island in-holdings, Blennerhassett, and possibly portions of Eureka and Brown.

Continue mussel quarantine and support captive rearing program.

In coordination with state resource agencies, re-introduce fish and mussel species
that have been extirpated from the Refuge.

Install, monitor and maintain 80 prothonotary warbler (Protonotaria citrea) nest
boxes, 60 wood duck nest boxes, and 10 butterfly and bat boxes, and evaluate
their effectiveness.

Install an average of 1 linear mile annually of longitudinal dikes and/or vegetative
waddles for shoreline stabilization and re-vegetation.

Re-vegetate/restore an average of 2 acres per year of wetland habitat (riverine
aquatic bed, riverine emergent and/or palustrine emergent).

Where feasible, manage water levels on Refuge wetlands to mimic natural
fluctuations, and promote aquatic and wetland vegetation.

Using a watershed approach, restore the habitat of selected areas with willing
partners, including applicable state, local, and federal agencies.

Work with the Corps of Engineers to provide erosion protection and rehabilitation
of islands.

Studies have shown that the interspersion of cover types on and around the Ohio River
islands support an abundance of fish and wildlife species. Over 200 species of birds have
been identified, including 78 that breed there. Similarly, the herpetofaunal community is
primarily made up of the more aquatic types (excluding most snakes and salamanders)
and includes at least 15 species. Thirty-eight mussel species have been identified around
the islands in the upper Ohio River. Mussels in particular have been adversely impacted
by water quality, habitat degradation and, most recently, by invasion of zebra mussels
(Dreissena polymorpha). Though difficult to thoroughly sample, over 100 species of
warm water fishes have been identified (Zadnik 2003).
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4.0 IDENTIFICATION OF ECOSYSTEM RESTORATION
SITES

During the Feasibility Scoping meeting for the UONS, the Pittsburgh District was
encouraged to pursue ecosystem restoration opportunities provided an appropriate
potential non-Federal partner could be identified. Implementation of ecosystem
restoration projects requires a non-Federal partner to cost share in the project (65%
Federal/35% non-Federal). On June 12, 2008, the Western Pennsylvania Conservancy
signed a Letter of Intent to cost-share with the Corps of Engineers in ecosystem
restoration (Enclosure 3). The letter states in part:
“Western Pennsylvania Conservancy is aware that this letter serves as an
expression of interest and intent, and is not a contractural obligation and
either party may discontinue the study process at any stage before
construction begins. In the case of WPC as a non-federal sponsor, funds
to cover the required 35% of project implementation are not presently
identified and will represent a fund-raising challenge. With that in mind,
WPC is recommending the Corps proceed with Phase 2 NER study efforts
on the Upper Ohio River Navigation Project due to the potential
ecosystem restoration benefits for the region, with the hope that 35%
matching funds will be available to WPC to support a suitable NER
project feature. With the necessary acquired funding, WPC will then

execute a future Project Cooperation Agreement(s) as a non-Federal

sponsor and provide a 35% cost share, inclusive of LERRD.”

The Pittsburgh District enlisted the Corps' Nashville District to assist in the ecosystem
restoration portion of the UONS. Nashville District is the designated Center of Expertise
for Ecosystem Restoration for the Great Lakes and Ohio River Division. Through a
series of discussions involving Pittsburgh District, Nashville District, the Western
Pennsylvania Conservancy, and the Pennsylvania Fish and Boat Commission, the list of
measures from the previous report was reviewed, and several potential sites were
identified as candidates for ecosystem restoration. This review also involved site
screenings through examination of aerial photography, bathymetry data, and site visits.
These discussions produced the list of candidate sites and restoration measures in Table
4-1.
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Table 4-1. Candidate Ecosystem Restoration Sites and Measures, Upper Ohio

River.

Upper Ohio Feasibility Study Ecosystem Restoration Sites

Vernal Pool Wetlands, invasive removal, native

1 Brunot Island Floodplain Restoration Emsworth 1.5-29 .
plantings, etc.
2 Sauger Spawning Habitat Enhancement, .
downstream (d/s) of Brunot Island Emsworth 3 Contouring and Substrate Enhancement
4 Davis Island Floodplain Restoration Emsworth 45-52 Vemfﬂ Pool Wetlands, invasive removal, native
plantings, etc.
5 Davis Island Foreshore Dike, Left Bank (LB) of B Dike built parallel to bank, creating aquatic
Back Channel Emsworth 4552 habitat behind dike
6 Sauger Spawning Habltat Enhancement, Emsworth 39-5 Contouring and Substrate Enhancement
upstream (u/s) of Neville Island
7 Neville Island Foreshore Dike, LB of Back . Dike built parallel to bank, creating aquatic
Channel Dashiclds 88-9 habitat behind dike
? Sauge}r Spawning Habitat Enhancement, d/s of Montgomery 14.5 Contouring and Substrate Enhancement
Dashields Dam
. . . Dike built parallel to bank, creating aquatic
10 Ambridge Foreshore Dike, Right Bank (RB) Montgomery 17.6 - 17.9 habitat behind dike
11 Gravel Bar at Mouth of Beaver River Montgomery 25.5 Contouring and Substrate Enhancement
. . Dike built parallel to bank, creating aquatic
12 Foreshore Dike, LB Montgomery 27.2-279 habitat behind dike
. . Dike built parallel to bank, creating aquatic
13 Fourmile Run Foreshore Dike, RB Montgomery 29.7-30.5 habitat behind dike
Vernal Pool Wetlands, invasive removal, native
14 Montgomery Slough Montgomery 31-319 plantings, ctc., dredging
15 Floodplain Restoration, Phillis Island New 35-35.7 Verngl Pool Wetlands, invasive removal, native
Cumberland plantings, etc.
.- . New Dike built parallel to bank, creating aquatic
16 Phillis Island Foreshore Dike Cumberland 35-357 habitat behind dike, protection of island habitat
17 Floodplain Restoration, Georgetown Island New 37.5-378 Vemfﬂ Pool Wetlands, invasive removal, native
Cumberland plantings, etc.
. New Dike built parallel to bank, creating aquatic
18 Georgetown Island Foreshore Dike Cumberland 375-378 habitat behind dike, protection of island habitat
19 Gravel Bar Enhancement, RB Dashields 12.9 -13.15 Contouring and Substrate Enhancement

Red = Low Priority Sites
Black = High Priority Sites

Following initial exploration of the 16 sites in Table 4-1, the list was reduced based on a
number of considerations to the following high priority sites for detailed analysis:

Site 5 (Emsworth Pool) - Davis Island Foreshore Dike, Back Channel (main shoreline),
Site 6 (Emsworth Pool) - Dredge Hole Contouring and Substrate Enhancement Upstream

of Neville Island,

Site 7 (Dashields Pool) - Neville Island Foreshore Dike, Left Bank of Back Channel,
Site 10 (Montgomery Pool) - Ambridge, Foreshore Dike, Right Bank,

Site 11 (Montgomery Pool) - Gravel Bar Enhancement at Mouth of Beaver Creek,
Site 13 (Montgomery Pool) - Fourmile Run, Foreshore Dike, Right Bank,

Site 14 (Montgomery Pool) - Montgomery Slough Restoration,
Site 16 (New Cumberland Pool) - Phillis Island, Foreshore Dike,

Page |24




4.0 ldentification of Ecosystem Restoration Sites

Site 18 (New Cumberland Pool) - Georgetown Island, Foreshore Dike.

Enclosure 4 provides aerial photographs and navigation charts depicting locations of the
nine sites identified for detailed analysis. On October 5 and 6, 2009, all sites were visited
and examined by the Corps of Engineers and their contractors. Photographs from the site
visit are in Enclosure 5.

Information gathered during the site visit, along with recent bathymetry data and other
background information were then used to formulate ecosystem restoration alternatives
for each site. From these alternatives, preliminary designs, costs, and ecosystem benefits
were developed. Through an iterative process, alternatives were refined to produce
combinations of measures and options at each site for final analysis. Final alternatives at
each site are evaluated in the following section of this appendix.
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(intentionally blank)
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5.0 EVALUATION OF ECOSYSTEM RESTORATION SITES

The initial step in evaluating alternatives was selection of species to use as indicators of
ecosystem response to alternatives under consideration. While species other than those
chosen for the analysis would also benefit from restoration improvements, the selected
taxa provide an adequate representation of responses necessary for evaluation of benefits.
For this evaluation, three fish species per ER site were identified to use in evaluation of
most restoration measures (Table 5-1).

5.1 Evaluation of Species

The initial step in identification of evaluation species was to review the list developed as
part of fish passage investigations for the UONS navigation improvements component of
the study. This list was developed by an Interagency Working Group assembled by the
Corps of Engineers to ensure that all aspects of the overall study involved agencies and
organizations interested in the environment of the area as well as the processes and
recommendations of the effort (i.e., the stakeholders). Following review of the list of
species targeted for fish passage, the list was narrowed by determining those for which
HSI models were available and had been approved for use by the Corps of Engineers.

Table 5-1. Fish Species Selected for Evaluation of Ecosystem Restoration Sites

Species Selected for Site Foreshore Deepwater
Evaluations Dikes Sites

Channel Catfish X
Smallmouth Bass X
White Crappie X X
Paddlefish
Walleye
Flathead Catfish
Walleye
White Bass
Spotted Bass
Largemouth Bass X
Bluegill X
Black Bullhead
Red-winged Blackbird
Wood Duck

Gravel Bar | Embayment Wetland

eltaite

eltaite

eltaite

Final selection of evaluation species was based on review of their habitat requirements
and expectations that restoration measures would produce habitat changes that could be
measured and compared among alternatives. Habitat Suitability Index (HSI) models
produced by the US Fish and Wildlife Service were chosen as the basis for determining
responses to restoration measures. These models have been widely used for such
analyses for over 20 years. To meet planning model certification requirements of the
Corps of Engineers, only HSI models that have been approved for use were considered.
A list of HSI models approved for use by the Corps of Engineers is included in Appendix
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A of the Corps of Engineers' Policy Guidance on Certification of Ecosystem Output
Models.

Ecosystem restoration measures considered for the UONS would affect the following
habitat types:

Littoral (Shoreline) Zone,

Channel (Deep) Zone,

Intermediate Depth Gravel Bar,
Embayment,

Wetlands (Emergent and Vernal Pools),
Riparian Zone (includes Islands), and/or
Backchannel

Species used for evaluation of each habitat type and rationale for their selection are
discussed in the following paragraphs. For this report, species discussions taken from
HSI models were summarized to focus primarily on those variables that may be affected
by ecosystem restoration measures under consideration. Also, literature citations
contained in the HSI models were not duplicated in these discussions. For additional
information on literature sources used in development of HSI models, the reader is
referred to the following site: http://el.erdc.usace.army.mil/emrrp/emris/emrishelp3/

list of habitat suitability index hsi models pac.htm. In some cases, HSI models were
not used for evaluation of a particular habitat type. Instead, a "qualitative" assessment
was performed using professional judgment of habitat quality for both the Without
Project Condition (WOPC) and the With Project Condition (WPC).

5.1.1 Littoral Zone

Littoral areas are evaluated for placement of foreshore dikes (Figures 5-1, 5-2, and 5-3).
Foreshore dikes are linear rock structures placed several feet offshore and generally
parallel to the existing shoreline. Foreshore dikes are often connected to the shoreline
and angled downstream to a point where they then extend parallel to the river flow. Such
an arrangement improves extensive shallow water areas in near-shore areas. These areas
experience reduced velocities and are conducive to colonization by aquatic and wetland
vegetation. They also encourage production of phytoplankton, zooplankton, and other
macroinvertebrates, and they serve as spawning and nursery areas for numerous fish
species. Stone dikes would be constructed with a slope of 2'H:1'V and a crest
approximately 2' above normal pool elevation. This crest would be overtopped under
extreme high water events but would be above water for the vast majority of time.
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Figure 5-1.  Foreshore Dikes

Figure 5-2.  Plan View of Foreshore Dikes
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Figure 5-3. Cross Section of Foreshore Dikes

Evaluation species selected for foreshore dike candidate sites are channel catfish
(Ictalurus punctatus), smallmouth bass (Micropterus dolomieu), and white crappie
(Pomoxis annularis). Channel catfish are a warm water species that occupies habitats
with a diversity of water velocities and depths. They are very strongly associated with
coves and use a wide variety of cover types (e.g., debris, logs, cavities, boulders, and
cutbanks in lakes and low velocity areas of deep pools and backwaters of rivers). Pools
and areas of aquatic vegetation are areas associated with high production of aquatic
insects consumed by channel catfish in rivers. Male channel catfish build and guard nests
in cavities, burrows, under rocks, and in other protected sites.

Smallmouth bass spawn on rocky lake shoals, river shallows, or backwaters or move
into creeks or tributaries to spawn. The species requires a clean stone, rock, or gravel
substrate for spawning. Studies show that habitat condition during spawning is the most
important factor for year class strength in smallmouth bass. Nests are usually in water
from 0.3-0.9 m (1-3 ft) deep and are commonly in gravel or broken rock; near boulders,
logs, or other cover; in shallows or backwaters of streams; or in protected bays or shoals
in lakes. Nests are usually in quiet waters or areas of very slow current. Fry inhabit areas
with near optimum temperatures in summer, using calm, shallow, marginal areas with
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rocks and vegetation. Fry seek rocky shelters in littoral or shore areas when the water
temperature is 7° C (45°F). Juveniles spend most of their time in quiet water near or
under a dark shelter, such as brush or rocks. Juvenile and adult smallmouth bass both
prefer low velocity water near a current, but juveniles are often found in slightly
shallower water than adults. Juveniles seek shelter in the crevices and fissures of rock
substrate at very low temperatures (below 7.8° C (45.5°F)).

Male white crappie construct and guard nests over a variety of substrates in river pools
or bays, coves, and littoral areas of lakes and reservoirs near vegetation or other cover.
Nests have been observed at average depths from 10 to 420 cm (0.32 to 13.78 ft). Nests
are constructed on substrates of clay, dirt, or gravel, usually near inundated vegetation or
filamentous algae. White crappie congregate in loose aggregations around submerged
trees, stumps, brush, aquatic vegetation, and boulders. White crappie prefer low velocity
areas, including pools and backwater sections of rivers.

The following description of the method for projecting benefits applies to all foreshore
dike sites.

Each of these sites is experiencing shoreline erosion from current velocities, wind and
wave action, and possibly other factors. Some sites are much more severely eroded than
others; for example, those on the backchannels of islands are considerably less eroded
than those along the main channel. None of the sites provide high quality littoral habitat
for fish or other aquatic organisms. Riparian vegetation is also disturbed to varying
degrees and is impacted by erosional forces. Emergent vegetation is lacking. Woody
structure at each site is transient in that it accumulates as drift and is subsequently
displaced during high flow events. Wave action is a key factor in keeping the shallow
zone from establishing plants and woody cover. In the future WOPC, erosional forces
are expected to continue, possibly endangering features located at the top of bank.

In the future WPC, foreshore dikes would be constructed as described previously. These
would serve to create a strip of low velocity littoral habitat between the dike and the
shoreline. Foreshore dikes would provide substantial protection from wave action as
well. Designs of foreshore dikes are specific to each location, but they would be
constructed of stone material of sufficient size to withstand expected water velocities.

Between the inner side of the dike and the shoreline, velocities would be substantially
reduced from those in the WOPC. This would allow development of habitat favorable to
those species adapted to calm, low velocity water. It is expected that aquatic vegetation
would become established over time from the shoreline out to the three foot depth.
Progressing from the shoreline, the types of vegetation expected to develop would be:

Emergent aquatic in the shallowest areas,
Shrubs in the intermediate areas, and
Submersed aquatics in the deepest areas.

The rock material used for dike construction would provide immediate habitat benefits,
whereas development of vegetation and associated benefits would occur over a period of
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years. Foreshore dikes would also increase habitat quality for fish by reducing
turbulence, displacement, and sediment deposition effects to eggs, fry, and juveniles.

5.1.2 Channel (Deep) Zone

Channel zone areas were evaluated for bottom shaping and substrate manipulations to
improve spawning habitat for riverine spawning fish species. Areas believed most
amenable to such restoration were abandoned holes from previous commercial sand and
gravel extraction. The conceptual plan was to produce a combination of a deep hole
gradually sloping upward in a downstream direction onto a shallower shoal. This
combination of features was shown to provide the only documented sites where sauger
eggs were collected in Watts Bar and Chickamauga Reservoirs on the Tennessee River
(Medlin 1990). These characteristics may also provide suitable spawning habitat for
other "big river" spawning fish species.

Evaluation species selected for dredge hole restoration sites are paddlefish (Polyodon
spathula), walleye (Sanders vitreus), and flathead catfish (Pylodictis olivaris).
Paddlefish generally inhabit large rivers, but also occur in reservoirs and natural lakes
connected to large rivers. Much of the original range has been reduced due to habitat
alterations including:

Destruction of spawning areas,

Blockage of movements by dams,

Channelization and elimination of backwater areas,
Dewatering of streams, and

Pollution.

Paddlefish are highly mobile; in the Mississippi River, one indivudual was observed to
have moved nearly 2,000 km (1,241 miles) within 3 to 8 months of being tagged.
Another study showed paddlefish swimming as far as 12.8 km (7.9 miles) in 2.5 hours.
Paddlefish spawn over clean gravel bars in large rivers during spring periods of high
water. However, searches for spawning sites have had limited success. In the Osage
River, eggs and larvae were recovered from gravel substrate (13-38 mm [0.051-1.48
inches] diameter) immediately downstream from the spawning sites, and specific
spawning sites have been located on the Missouri River. A general spawning area was
located on the Cumberland River. Spawning habitat among these rivers was similar, with
a large part of the streambed composed of gravel and rubble and ranging from 2 to 12 m
(6.5 to 39.4 ft) deep.

In large rivers, paddlefish, which are filter feeders, tend to inhabit slow moving waters
with abundant zooplankton. Paddlefish in the upper Mississippi River have been
observed to use a wide array of habitats, but the main channel border, tailwater, and
backwater areas were most frequented. In spring, tailwater use was great due to upstream
movement tendencies, but a notable shift to backwater areas occurred following the
spawning period. Several investigations have reported shifts from riverine to more lentic
areas following spawning, with movement into backwater lakes and downstream

Page |32



5.0 Evaluation of Ecosystem Restoration Sites

reservoirs. Backwaters have been recognized as prime paddlefish habitat, especially
during summer months. Backwaters are usually rich in zooplankton and immature
aquatic insects, therefore providing abundant food in an area of low current velocity.

Whereas a preference for backwaters has been indicated, their presence is not mandatory
for paddlefish survival in riverine habitats. Paddlefish have been found to congregate in
small areas of reduced current velocity downstream from sandbars in the Mississippi
River. Paddlefish in the Missouri River preferred areas where the water was 1.5 to 4.5 m
(4.9 to 14.8 ft) deep, with a current velocity of 0.0 to 0.3 m/sec (0.0 to 1.0 feet/sec).
These areas were near fast-flowing channels with 0.7 to 1.3 m/sec (2.3 to 4.3 ft/sec)
current velocities. Paddlefish in the upper Mississippi River were observed to frequent
areas downstream from wing dams, bridge supports, and rock piles with a current
velocity of less than 0.35 m/sec (1.1 ft/sec). Paddlefish in these areas often remained for
long periods. During winter, paddlefish apparently inhabit relatively deep, slow moving
or still moving water areas. Missouri River paddlefish were observed congregating in
areas greater than 3 m (9.8 ft) deep with little or no current.

Paddlefish eggs are adhesive after fertilization and become firmly attached to the
substrate. Approximately 26 days after hatching, larvae begin to feed. It appears that
between hatching and commencement of feeding, the young fish must drift or make their
way into areas of low current velocity with abundant zooplankton.

In a study entitled "Current Status of Paddlefish in Pennsylvania," in 2005 and 2006, a
total of 2,150 and 3,900 gill net hours were expended during the two sampling seasons,
respectively (Argent and Kimmel, 2006). Six sexually mature (both sexes) pre- and post-
spawn paddlefish were captured using gill nets over the 2-year sampling period in pools
historically stocked at densities approaching 17 fish/ha. Benthic trawling and plankton
towing, employed to capture larval/juvenile stages in the same pools where mature fish
were captured, did not yield evidence of paddlefish reproduction. Results indicated that
the stocking program to date produced low numbers of sexually mature free ranging
paddlefish in the Ohio and Allegheny Rivers. No evidence of natural reproduction or
year-class structure was detected from this study. In addition, the large numbers of large
piscivores pose a direct threat to small paddlefish. As a result, the authors recommend
continuing to gear the stocking program to larger fish (>280 mm eye-fork length)
concentrated in a designated pool area (L/D pool) rather than at multiple locations at
densities as high as practicable.

Walleye spawn in spring during periods of rapid warming after ice breakup. Preferred
spawning habitats are shallow shoreline areas, shoals, riffles, and dam faces with rocky
substrate and good water circulation from wave action or currents. Walleye fry are
photosensitive until becoming demersal at lengths of 25 to 40 mm (0.98 to 1.56 inches).
The demersal fry, juveniles, and adults are very photosensitive. They actively seek the
shelter of dim light during periods of strong light intensities in clear waters. They are
often found in deep or turbid water or in contact with substrate cover of boulders, log
piles, brush, and dense beds of submersed vegetation during the day.
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Adult walleye generally are found under cover in moderately shallow (<15 m [49.2ft])
waters during the day and move inshore at night to feed. Adults are often found in areas
with slight currents, except during the winter when they tend to avoid turbulent areas.
Highest embryo production and survival has been observed on clean gravel or rubble
substrates (2.5 to 15 cm [0.98 to 5.85 inches] in diameter). Survival is also good on
dense mats of vegetation with adequate water circulation. Percent survival is greatly
reduced on sand, and survival of eggs deposited on soft muck and detritus is negligible.
Fry can withstand only slight current velocities, and studies have reported that high
velocities near a reservoir outlet can result in significant fry losses, particularly if
spawning occurs at the face of the dam. Habitat requirements for juvenile walleye seem
to be similar to those of adults.

Adult flathead catfish move from deep water or cover at night to feed in riffles and the
shallows of pools. Adult flathead catfish are piscivorous throughout their range. Gizzard
shad, freshwater drum, and common carp were the fish species most commonly eaten by
flathead catfish in several studies; however, many other species are also consumed.
Preference for larger fish increases as flatheads increase in size.

Male flathead catfish establish territories for spawning, whereas females appear to move
at random. Usually, flathead catfish move to spawning sites and spawn during June and
July. Nests are usually located in holes in the stream bank, natural cavities or areas near
large submerged objects, crevices in natural rock out croppings, or areas with dense,
submerged tree stands. Flatheads in reservoirs prefer to spawn at depths of 2 to 5 m (6.6
to 16.4 ft).

Young flathead catfish are often found in riffles and have been reported to remain in
swift, rubble-bottomed riffles until they are 5.1 to 10.2 cm (2 and 4 inches) total length.
Flathead catfish 10.2 to 30.4 cm (4 to 12 inches) were generally dispersed. Flatheads
30.4 to 40.6 cm (12 to 16 inches) were associated with intermediate depths and cover
(logs, brush piles, and downed trees), while catfish > 40.6 cm (16 inches) were solitary
and associated with cover in deep pools.

Adult flathead catfish are usually found associated with submerged logs or other cover.
In Texas, flathead catfish were most abundant near rocks, shoals, log jams, brush tops,
ledges, submerged trees, and other structures that afford cover and also are associated
with current. Researchers reported that fish were found near debris piles >3m (9.8 feet)
and <12 m (39.4 feet) in diameter but were absent from areas out of the main current and
having soft, silty bottoms, even when these areas afforded cover. Few flathead catfish
were found in slack-water habitats such as backwaters and the upper ends of coves. In
reservoirs, investigators suggested that availability of rock rip-rap, rather than the amount
of forage fish, limited flathead catfish populations. The rip-rap was used by flathead
catfish for cover, spawning, and feeding on small gizzard shad that were grazing on rip-
rap periphyton.
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5.1.3 Gravel Bar

Evaluation species selected for the intermediate depth gravel bar site are walleye, white
bass (Morone chrysops), and spotted bass (Micropterus punctulatus). Habitat preferences
for walleye are discussed previously and are not repeated here.

White bass spawn earlier in the year than most fish species and prefer running water for
spawning. However, they spawn over rocky shoals in lakes and reservoirs when tributary
streams are not accessible. When water temperatures reach 12 to 16° C (53.6 to 60.8°F),
mature white bass form large, unisex schools and migrate to the spawning grounds, with
males arriving several weeks before the females. White bass may home to a specific site
in the lake or reservoir or migrate as much as 150 miles upstream from the reservoir.

White bass spawning begins when water temperatures reach 12 to 24°C (53.6 to 75.2°F)
and lasts 5 to 25 days. The eggs are fertilized as they sink and then stick to gravel, rocks,
or vegetation. White bass apparently prefer to spawn over a firm substrate in water 0.5 to
6 m (1.6 to 19.7 feet) deep, most commonly at depths of 0.6 to 2 m (2 to 6.6 ft). White
bass return to deeper water immediately after spawning. Larvae in reservoirs have been
captured most often near the mouth of an inundated stream used by spawning adults.
Thus, it is assumed that white bass larvae, after hatching, drift downstream to a reservoir
or lake or until they come to a riverine backwater.

Whereas white bass generally are associated with the epipelagic zone of moderately large
lakes; important fisheries also occur in the tailwaters of some reservoirs and in some
streams during spawning migrations. A large forage fish population appears to be the
key to a successful white bass population. Shad (Dorosoma spp.) probably are the
preferred forage, particularly threadfin shad (D. petenense) because of their abundance,
availability, and smaller size than gizzard shad. Data about white bass riverine habitat
requirements are scarce in the literature. White bass were captured in chutes, pools, and
sand bars in unchannelized segments of the Missouri River and near structures, such as
notched dikes and revetments, in channelized segments. Catch per unit effort was highest
where water velocity was 0.6 to 0.7 m/sec (1.97 to 2.30 ft/sec), intermediate in areas with
a velocity of 0.2 m/sec (0.66 ft/sec), and lowest where the velocity was 0.4 to 0.5 m/sec
(1.31 to 1.64 ft/sec). Depth at all sites was 1 to 2 m (3.28 to 6.56 ft). White bass seem to
be more sensitive to prey location than to habitat features.

White bass prefer to spawn in running water but will spawn in lakes and reservoirs.
White bass will spawn over silt and mud, but rock, gravel, firm sand substrate, or
vegetation is preferred. Silt and mud are assumed to be less than optimum spawning
substrates. White bass larvae are 2 to 3 mm (0.08 to 0.12 inches) at hatching. They drift
with wind currents in a lake or downstream to a nursery area where other small fish and
invertebrates also are concentrated. The nursery area is usually an embayment of an
impounded river, a sheltered bay, or a backwater. Newly hatched larvae were captured
most often at depths of 1 to 2 m (3.28 to 6.56 ft) over sandy beaches; they avoided dense
vegetation and organic bottoms. Larvae greater than 10 mm (0.39 inches) in length were
found offshore, near water that was 2 to 4 m (6.6 to 13.1 ft) deep, during the day, but
moved into shore at sunset to feed on zooplankton and invertebrates until sunrise. In
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riverine environments, juvenile white bass seemed to be associated with slower water
than adults, until they reached about 100mm (4 inches) in length.

Spotted bass is primarily a stream species and generally fares poorly in reservoirs except
those having deep, clear, relatively infertile water and steep, rocky shorelines. Spotted
bass occupy a wide variety of stream types. They favor streams with moderate currents,
rocky substrates, and alternating pools and riffles. They occupy stream habitats
intermediate to those preferred by largemouth bass (M. salmoides) and smallmouth bass
(M. dolomieui). Largemouth bass frequent backwaters and other slack water areas,
smallmouth bass prefer fast-moving waters in or near riffles, and spotted bass prefer areas
with slow to moderate currents.

Spotted bass eggs are laid in nests built and guarded by males. In streams, nests are
constructed in areas protected from current, but not in backwaters. Spotted bass show a
strong preference for building on rock or other firm substrate near cover of logs, brush, or
clumps of submerged vegetation. Nest depths generally are greater than those of other
centrarchid basses. Mean depth of nests was reported as 2.3m to 3.7m (7.5 to 12.1 ft) in
Bull Shoals Reservoir, Arkansas and 2.7 m (8.9 ft) in Lake Perris, California. Substrate
type and current appear to be major physical determinants of habitat suitability for
spotted bass in streams. Streams where spotted bass are most abundant are characterized
by rocky substrates; large, deep pools; and well-defined riffles. Large, deep pools
provide resting cover and spawning habitat; rocky substrates provide suitable habitat for
production of aquatic insects and crayfish used as food by spotted bass.

Substrate type, turbidity, fertility, and depth appear to be the major factors affecting
habitat suitability of reservoirs for spotted bass. Adult spotted bass in rivers prefer deep
areas with slight to moderate current. They tend to avoid areas of soft mud substrate,
dense emergent vegetation, or fast current. The strong preference shown by spotted bass
for nest building on firm substrates near cover suggests that substrate type and cover are
important features in determining suitability of habitat for reproduction. Little is known
about specific habitat requirements for spotted bass fry or juveniles.

5.1.4 Embayment

Embayment habitat considered for ecosystem restoration in the UONS is limited to
Montgomery Slough. Large Woody Debris (LWD) would be installed within the
Montgomery Slough embayment in the WPC to increase habitat diversity, and exotic
vegetation (e.g., purple loostrife) would be removed (Option 1). Another restoration
measure under consideration is channel deepening beginning at the mouth of the slough
and progressing upstream for approximately 2,140 ft (Option 2). Deepening would be
performed by hydraulically dredging material from the middle of the slough and pumping
the material to an upland containment area where it would be used to create vernal pool
wetlands. Bottom elevations of the excavated channel would slope from approximately 6
ft deep in the upstream reach to approximately 12 ft deep at the mouth. Material placed
on the upland site (an area formerly used for disposal of riverbed material from
maintenance dredging) would be used to create small, vernal pool wetlands, thereby
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providing habitat for a variety of amphibian species. Both options in Montgomery
Slough include removal of exotic vegetation such as purple loostrife.

Fish species chosen for evaluation of the Montgomery Slough embayment are
largemouth bass, white crappie, and bluegill (Lepomis macrochirus). White crappie
habitat requirements are described in previous sections and are not repeated here.

Bluegill are opportunistic feeders which can alter their diet according to food availability.
Fry feed primarily on zooplankton and small insects. Juveniles and adults feed on
zooplankton, aquatic and terrestrial insects, and some plant materials. Bluegill are repeat
spawners, and the spawning season may extend from spring through summer. Spawning
occurs from 17 to 31°C (62.9 to 87.8°F), with peak spawning at 24 to 27°C (75.2 to
80.6°F). Bluegill are guarding, nest building lithophils. Nests are usually in quiet,
shallow water. Although spawning will occur over almost any substrate, fine gravel or
sand is preferred.

Bluegill are most abundant along shoreline areas in lentic and lentic-type environments
such as ponds, lakes, reservoirs, and large, low velocity streams. In riverine habitats,
bluegill are mostly restricted to areas of low velocity. Cover in both lacustrine and
riverine habitats in the form of submerged vegetation or logs and brush is utilized by the
species, especially juveniles and small adults. Bluegill also nest in unvegetated areas,
although lack of cover may be a problem.

Optimal current velocities for embryos are < 7.5 cm/sec (0.25 ft/sec), and embryos are
not found at current velocities > 30 cm/sec (0.98 ft/sec). Bluegill spawn at 1-3 m (3.28-
9.84 ft) depth. Bluegill fry will not survive temperatures below 11°C (52°F) or above
34°C (90°F). Optimal current velocities are < 5 cm/sec (0.16 ft/sec); fry are not found in
areas with velocities greater than about 7.5 cm/sec (0.25ft/sec). Preferred current
velocities for juveniles are <5 cm/sec (0.16 ft/sec); juveniles are not found in areas with
velocities greater than about 15 cm/sec (0.49 ft/sec).

Lacustrine environments are the preferred habitat of largemouth bass. Optimal
conditions are lakes with extensive (= 25% of surface area) shallow areas to support
submergent vegetation, yet deep enough (3-15 m [9.84-49.2 ft] mean depth) to
successfully overwinter bass. Thus it is assumed that 40-60% of the lake area should be
>6 m (19.7 feet) depth to provide optimal overwintering habitat in northern latitudes.
Optimal riverine habitat for largemouth bass is characterized by large, slow moving
rivers or pools of streams with soft bottoms, some aquatic vegetation, and relatively clear
water. It has been reported that largemouth bass abundance increased in rivers during dry
years when the flow was reduced and the water pooled. Thus, it is assumed that a river
with a high percent (> 60%) of pool and backwater area is optimal.

Largemouth bass fry feed mainly on microcrustaceans and small insects, juveniles
consume mostly insects and small fish, and adults feed primarily on fish and crayfish.
Adults often feed near vegetation within shallow areas. Largemouth bass feeding
intensity is bimodal, with peaks in the early morning and late evening. A gravel substrate
is preferred for spawning, but largemouth bass will nest on a variety of other substrates,
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including vegetation, roots, sand, mud, and cobble. Nests are constructed by the male at
water depths averaging 0.3-0.9 m (0.98-2.96 ft), with depths ranging from about 0.15 m
(0.49 ft) to 7.5 m (24.60 ft).

Adult largemouth bass are most abundant in areas with vegetation and other forms of
cover (e.g., logs, brush, and debris). Optimal cover corresponds to 40-60% of the pool or
littoral area; too much cover may reduce prey availability. Optimal current velocities are
<6 cm/sec (0.2 ft/sec), and velocities > 20 cm/sec (0.66 ft/sec) are unsuitable. Optimal
current velocities for fry are <4 cm/sec (0.13 ft/sec), and fry cannot tolerate current
velocities > 27 cm/sec (0.89 ft/sec). Cover, in the form of flooded terrestrial vegetation,
is an important requirement for fry suitability, because the amount of cover has been
positively correlated to number of fry. However, too much cover constitutes poor
spawning habitat. Thus, it is assumed that optimal pools or littoral areas contain 40-80%
cover. Specific habitat requirements of juveniles are presumed to be similar to those of
adult largemouth bass.

5.1.5 Vernal Pools

A vernal pool is a form of temporary, freshwater wetland that contains water for a portion
of the year and supports an array of wildlife and plants, some specially adapted for these
habitats (http://www.lynchburgbiz.com/virginiasvernalpools/educate.htm). Vernal pools
are often found in the floodplain of a stream, in seasonally-flooded woodlands, as
sinkhole ponds, or where rainwater and snow collect in forest depressions. Vernal pools
typically dry up in the summer time and fill up with rainwater during the fall and winter.
Drying of the pool prevents fish from being predators on the pool’s amphibians and other
dependent wildlife.

Vernal pool wetlands are distinguished by the presence of certain indicator species of
wildlife know as “obligates.” The vernal pool obligates include the Spotted Salamander,
Marbled Salamander, Wood Frog, Jefferson Salamander, Mole Salamander, Mabee’s
Salamander, Tiger Salamander, and several species of Fairy Shrimp (small, short-lived
crustaceans). The breeding presence of any of these obligates can be used to verify a true
vernal pool habitat. Vernal pools have become a rare form of wildlife habitat around the
country due to their destruction (being filled-in, drained, logged over, or polluted). They
have often been overlooked and considered insignificant due to their small size as
wetlands.

5.1.6 Riparian Zone

The National Research Council (NRC) (2002) has identified the lack of a consistent
definition for “riparian” as a major problem of federal and state programs that might
manage and protect riparian areas. To address that concern, the NRC has developed the
following working definition:

Riparian areas are transitional between terrestrial and aquatic ecosystems

and are distinguished by gradients of biophysical conditions, ecological
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processes, and biota. They are areas through which surface and
subsurface hydrology connect water-bodies with their adjacent uplands.
They include those portions of terrestrial ecosystems that significantly
influence exchanges of energy and matter with aquatic ecosystems (i.e., a
zone of influence). Riparian areas are adjacent to perennial, intermittent,
and ephemeral streams, lakes, and estuarine-marine shorelines (NRC
2002).

Further, riparian areas include portions of the channel system and associated features
(gravel bars, islands, and woody debris); a vegetated zone of varying successional states
influenced by floods, sediment deposition, soil-formation processes, and water
availability; and a transitional zone to the uplands of the valley wall - all underlain by
alluvial aquifers. Although they occupy only a small proportion of the total land base in
most watersheds, riparian areas are regional hot spots for biodiversity and exhibit high
rates of biological productivity in contrast to larger landscapes (NRC 2002).

The varied components of the riparian zone add to the difficulty of precisely defining
them. For example, several habitat types occur within riparian areas, including wetlands,
bottomland hardwood forests, prime and other agricultural land, and transitional/upland
habitats. Also included in this riparian discussion are islands, which represent a unique
and limited habitat type. Riparian habitats in the UONS area have experienced extensive
losses due to erosion, filling and development, habitat conversion and fragmentation, and
changes in habitat quality due to human actions. Much of the original floodplain and
riparian zone has been extensively modified for a variety of purposes. Throughout the
study area, highways, railroads, and utilities have been constructed at or near the top of
bank, thereby confining the remaining riparian zone to the slope between the water line
and the top of bank. Two islands (i.e., Phillis and Georgetown) of the Ohio River Islands
National Wildlife Refuge are included in this ecosystem restoration effort as riparian
resources. Both islands are in the New Cumberland pool. Except at Phillis and
Georgetown Island sites, riparian areas were determined as follows: distance from normal
pool level to top of bank was estimated and used as riparian zone width, while riparian
zone length was the length of the treatment area (foreshore dikes). Because island area at
Phillis and Georgetown Islands was considered riparian habitat, island acreage was added
to main shoreline acreage (along the backchannel) to determine riparian area.

As floodplains of the upper Ohio River were filled, these became prime areas for urban
and industrial development, especially for facilities requiring waterfront access. A result
of such development was removal of most native riparian/floodplain vegetation. Over
the years, these areas have been colonized by other plant species, one of which (Japanese
knotweed) is an especially invasive exotic. Japanese knotweed lines the top of bank over
long reaches in many parts of the upper Ohio River (Figure 5-4). This species is
extremely difficult to control and usually out-competes native plants.
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Figure 5-4. Japanese knotweed infestation along Upper Ohio River

In the WPC, foreshore dikes would eliminate most wave action against the existing
shoreline. As observed behind existing islands, provision of this type bank protection
would allow vegetation to become established much nearer the water line than occurs in
the WoPC. Vegetation at the riparian base would reduce erosion and allow slopes of the
bank to remain intact. Over time, native vegetation would become established and
species succession could eventually occur to a point that it may be able to shade out some
of the Japanese knotweed. Desirable native tree species such as sycamore, cottonwood,
silver maple, green ash, red mulberry, black willow, and others would provide
substantially greater aquatic and wildlife benefits than does Japanese knotweed.

Evidence to support colonization and succession of previously disturbed areas following
stabilization is found at the Montgomery Slough site, where numerous native tree, shrub,
and forb species have become established on the "oldest" disposal area. Establishment of
improved riparian habitat would provide nesting sites for several bird species, and would
be well suited to mammals such as muskrat (Ondatra zibethicus) and beaver (Castor
canadensis) as well as numerous reptiles and amphibians. In addition, riparian areas
would provide shade to the shallow littoral zone, thereby reducing diurnal temperature
extremes. Allochthonous input from riparian areas would increase food availability and
variety for fish, while also contributing detrital material for shredder feeding insects.

Riparian vegetation is in a state of continual disturbance in the WOPC. Wind and wave
wash against the shoreline prevents establishment of vegetation within a few feet of the
water line creating a "bathtub ring" effect wherein material at the base of the bank is
constantly removed. As material is washed out, bank sloughing occurs and soils on the
steep slope are exposed, making them susceptible to erosional forces from rain and wind.
In this disturbed state, invasive exotic species such as Japanese knotweed are favored.
The aggressive nature of this plant species often precludes establishment of more
desirable native riparian plant species. Wildlife benefits are also substantially less than
would occur in the presence of a diverse native riparian plant community. Shoreline
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areas behind existing islands are experiencing substantially less erosion than shorelines
along the river proper. This provides supporting evidence that foreshore dikes would act
as barrier strips to reduce shoreline erosion and allow riparian zones to stabilize and
support more natural plant and wildlife communities.

HSI species models are not used for evaluation of riparian habitats in the current study.
Rather, important attributes are described, and professional judgment is applied to
estimate habitat quality changes.

5.1.7 Backchannels

Islands and associated areas contain near complete assemblages of species endemic to the
river (Tolin and Schettig 1983). State and federal authorities have long recognized the
importance of these islands and the associated back channels to wildlife (Tolin and
Schettig 1983, USFWS 1989). The USFWS classified these areas as Resource Category
1, meaning they are unique and irreplaceable (USFWS 1989). A 1979 report prepared by
the USFWS described the biological and recreational importance of 18 islands in the
upper part of the river. The report concluded with the recommendation that these areas
be protected from commercial development and maintained in their natural state (Tolin
and Schettig 1983). Tolin and Schettig's (1983) report and subsequent letters from the
USFWS and West Virginia Department of Natural Resources (WVDNR) expressed
concerns about the exploitation of these areas and the continued pressure placed on them
(USFWS 1989). Thorp (1992) found an increase in density and diversity of invertebrates
related to the heterogeneity of island characteristics. He noted that the islands likely
enhance snag formation and the input of organic matter, which have positive effects on
macroinvertebrates. Zeto et al. (1987) found a high abundance and diversity of mussels
inhabiting areas around islands in two navigational pools.

The following is from an article in the journal Wetlands (Zadnik, et al 2009):

"The back channels of islands on the Ohio River are assumed to provide
habitat critical for several wildlife species. However, quantitative
information on the wildlife value of back channels is needed by natural
resource managers for the conservation of these forested islands and
embayments in the face of increasing shoreline development and
recreational boating. We compared the relative abundance of waterbirds,
turtles, anurans, and riparian furbearing mammals during 2001 and 2002
in back and main channels of the Ohio River in West Virginia. Wood
ducks (Aix sponsa), snapping turtles (Chelydra serpentina), beavers
(Castor canadensis), and muskrats (Ondatra zibethicus) were more

abundant in back than main channels. Spring peepers (Pseudacris
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crucifer) and American toads (Bufo americanus) occurred more frequently
on back than main channels. These results provide quantitative evidence
that back channels are important for several wildlife species. The
narrowness of the back channels, the protection they provide from the
main current of the river, and their ability to support vegetated shorelines
and woody debris, are characteristics that appear to benefit these species.
As a conservation measure for important riparian wildlife habitat, we
suggest limiting building of piers and development of the shoreline in

back channel areas. "

Continued erosion of islands would reduce and eventually eliminate backchannel habitat.
In the WOPC, the area that was formerly backchannel habitat would assume
characteristics similar to main channel shoreline habitat, initially as a shallow shoal area
and eventually as channel edge/littoral zone. In the WPC, it is assumed that island
acreage, and therefore backchannel acreage would remain at the 2010 levels as the
islands would be protected from further erosional losses.

HSI species models are not used for evaluation of backchannel habitats in the current
study. Rather, important attributes are described, and professional judgment is applied to
estimate habitat quality changes.

5.2  Off-site Benefits

Construction of ecosystem restoration measures would primarily improve spawning and
nursery habitats for evaluation species as well as for production of other aquatic life
forms. As individuals grow, they would migrate from treatment areas and disperse to
other riverine habitats. Improvements in the fish community would accrue to some
degree throughout the pool. Although data are not available to quantify these "off site"
improvements, conservative assumptions and professional judgment are used to estimate
such benefits. A logical assumption is that benefits from an improvement decrease with
increasing distance from the location of the improvement. This assumption is used in the
present study while recognizing that fish are highly mobile and any of the evaluation
species would be capable of moving throughout the pool. Further, because the list of
potential evaluation species was compiled from those targeted for fish passage (selected
for positive aspects such as mussel host potential), it is highly likely that several
individuals would migrate to other pools of the Ohio River. For purposes of estimating
aquatic benefits, it was assumed that most benefits would accrue within the 500 acres
adjacent to the location of the improvement, and fewer benefits would be manifested
throughout the remainder of the pool.
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5.3 Determination of Ecosystem Restoration Outputs (Benefits)

For each ecosystem restoration option at a given site, present conditions are described
and quantified. This provides the baseline or the initial attributes for the WOPC. For the
WOPC, as well as for each WPC, ecosystem outputs are projected for the initial time
frame and for the 5, 25, and 50 year future time frames. From these estimates, average
annual ecosystem outputs are then calculated. Average annual ecosystem outputs are
considered project benefits and are expressed in non-monetary terms.

5.3.1  Corps of Engineers Great Lakes and Ohio River Division (CELRD)
Standardized Environmental Output Units (SOU)

Within CELRD, ecosystem outputs are required to be calculated in a specific manner.
Description and rationale for use of SOUs below is from CELRD guidance. The
Standardized Output Unit (SOU) is obtained by multiplying the Acreage of habitat times
the Standardized Index (SI) times the Significance Factor (SF) as shown below.

Acres of a habitat x SI x SF = SOU

Quantity: There must be a constant unit of measure to compare habitat changes. Most
habitats are currently measured as acres; therefore, the standard unit is acres.

Quality: Regardless of what quality assessment process is used by the study team, a full
range of possible scores is prorated to a 0-10 scale where 0 is essentially a sterile habitat
and 10 represents an optimal "Garden of Eden." For example, the quality factor in the
USFWS Habitat Evaluation Procedure is the HSI with a range of 0.0 - 1.0. This scale is
easily converted by multiplying by 10, as is done in the present study. Baseline field
measurements for each habitat are then converted to the Standardized Index (SI) of 0 —
10.

Significance: Significance is important because, without significant resources, there is
not likely to be a project. Also, without significance, there are likely to be neither
problems and opportunities nor objectives and constraints for a project. Significance
attributes include scarcity, representativeness, status and trends, connectivity, limiting
habitat, and biodiversity. Scarcity is the relative abundance or rareness.
Representativeness exemplifies natural, undisturbed habitat. Status and trends tracks the
occurrence and extent over time; the how and why of how it changed. Connectivity may
indicate habitat corridors, fragmentation, or barriers. Limiting habitat refers to habitat
essential to species survival. Biodiversity refers to the species richness and genetic
variability.

Steps to determine significance are:

Internal scoping — identify the resources and identify the location of the resources within
the study area

External consultations and scoping — institutional, public, and technical

Review, analyze, and document sources of significance

Determine relative importance of rankings
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Determine levels of significance:
O National/International = 5

Regional =4

State/Tribal = 3

Local =2

Common = 1

O 00O

In the case of the UONS, determination of significance also considered the extent to
which an alternative or option contributed to meeting the high priority ecosystem needs
for the Ohio River system (Table 2-1). Each alternative or option was evaluated against
the 26 high priority needs and assigned a score of 0 to 5 (5 being the best) for its
contribution to meeting a particular need. Scores were then summed, and the resulting
number was divided by 26 to obtain an average value. This, in turn, was considered
along with the factors listed above to assign a significance ranking.

Also considered were Primary Federal Trust Resources:

Migratory birds
Federally-owned property
Federally listed threatened and endangered species.

State listed species were also noted. State listed species in Pennsylvania that may be
affected include:

Spotted gar, Lepisosteus oculatus

Silver chub, Macrhybopsis storeriana

River shiner, Notropis blennius

Bigmouth buffalo, Ictiobus cyprinellus

Black bullhead, Amerius melas

Tadpole madtom, Noturus gyrinus

Warmouth, Lepomis gulosus

Longear sunfish, Lepomis megalotis

Northern riffleshell mussel, Epioblasma torulosa rangiana
Clubshell mussel, Pleurobema clava

Rabbitsfoot mussel, Quadrula cylindrica cylindrical
Snuffbox mussel, Epioblasma triquetra.

Results of the assessment of significance and determination of SF are in Table 5-2. Use
of the CELRD process allows for expression of ecosystem outputs on a common basis.
This provides an appropriate method for comparison among alternatives. While some
values assigned are subjective, these serve nonetheless to evaluate and compare among
alternatives, including the future WOPC.
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RIVERINE DEEP WATER VERNAL BACK TOTAL AVERAGE
HIGH PRIORITY MEASURES FROM ORMSS SHORELINE CHANNEL GRAVEL BAR I EMBAYMENT I WETLAND I POOL RIPARIAN I ISLAND I CHANNEL SCORE SCORE

Enhance fish passage around or through dams

Dismantle unneeded federal tributary dams 1.00

Dismantle unneeded non-federal tributary dams 1.00

Increase seasonal flooding in grasslands, 1.00
bottomland hardwood forests, and other habitats

Allow flows to mimic natural regimes including 1.00
seasonal and extreme floods and droughts

Restore unique mainstem habitats such as 3.00
canebrakes, river bluffs and mussel beds

Protect tailwaters and provide structures to 2.00
serve as refugia for fish

Create spawning shoals and other in-stream 5.00
features to enhance habitat diversity in
navigation pools

Identify and expand areas of submerged and 5.00
emergent aquatic vegetation

Protect and manage mussel populations and 3.00
their habitat on a site-specific basis

Mark critical locations to prevent mooring near 1.00
mussel beds or special shoreline areas

SCORING:

5= SIGNIFICANT CONTRIBUTION
4 =MAJOR CONTRIBUTION

3 = MODERATRE CONTRIBUTION
2= MINIMAL CONTRIBUTION

2 = MINIMAL CONTRIBUTION

1.00

1.00

1.00

1.00

3.00

2.00

5.00

1.00

3.00

1.00
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Table 5-2 Significance Determinations®

1.00

1.00

1.00

1.00

3.00

2.00

5.00

1.00

4.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

4.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

2.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

3.00

1.00

1.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

5.00

1.00

4.00

3.00

4.00

2.00

1.00

1.00

1.00

1.00

5.00

1.00

4.00

3.00

5.00

2.00

9.00

0.00
9.00

0.00
9.00

0.00
9.00

0.00
25.00

0.00
12.00

0.00
31.00

0.00
26.00

0.00
23.00

0.00
11.00

1.00

0.00
1.00

0.00
1.00

0.00
1.00

0.00
2.78

0.00
1.33

0.00
344

0.00
2.89

0.00
2.56

0.00
1.22
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RIVERINE DEEP WATER VERNAL BACK TOTAL AVERAGE
HIGH PRIORITY MEASURES FROM ORMSS SHORELINE CHANNEL GRAVEL BAR I EMBAYMENT I WETLAND I POOL RIPARIAN I ISLAND I CHANNEL SCORE SCORE
1 44

Mark shallow mussel beds to reduce direct .0 0 0 0 .0 0 0 0 3.00 13 00
impacts of tow traffic

0.00 0.00
Provide the navigation industry with charts 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.00 1.00
showing locations of sensitive resources and
include rationale for avoiding such resources

0.00 0.00
Protect existing aquatic habitats, restore lost 5.00 5.00 5.00 5.00 5.00 4.00 1.00 5.00 5.00 40.00 444
habitats and diminished resources

0.00 0.00
Reintroduce native fauna and expand the range 4,00 4.00 4.00 3.00 3.00 2.00 3.00 5.00 5.00 33.00 3.67
and populations of native fauna from reduced
levels

0.00 0.00
Control exotics, including minimization of 3.00 1.00 1.00 3.00 3.00 2.00 2.00 4.00 4.00 23.00 2.56
existing populations and prevention of new
introductions

0.00 0.00
Reduce bacterial contamination from combined 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.00 1.00
sewer overflows

0.00 0.00
Address point and non-point sources affecting 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.00 1.00
aquatic nutrient balance

0.00 0.00
Minimize catastrophic contamination events 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.00 1.00
through reduction of spills, accidents, and
improvement of spill response procedures

0.00 0.00
Continue remediation of CERCLA, brownfields, 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.00 1.00
and other contaminated sites

0.00 0.00
Reconnect and restore streams with floodplains 2.00 1.00 1.00 3.00 3.00 2.00 2.00 3.00 3.00 20.00 2.22
on the mainstem and tributaries

0.00 0.00
Protect or restore riparian habitat diversity, 5.00 1.00 1.00 5.00 5.00 1.00 4.00 5.00 5.00 32.00 3.56
including islands, on the mainstem and
tributaries

0.00 0.00
Maintain or restore tributary deltas and 2.00 1.00 1.00 5.00 5.00 1.00 2.00 3.00 3.00 23.00 2.56
connections between rivers and embayments

0.00 0.00
Reforest lower reaches of tributaries to reduce 2.00 1.00 1.00 5.00 5.00 1.00 2.00 2.00 2.00 21.00 2.33

siltation into embayments and Mainstem
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RIVERINE DEEP WATER VERNAL BACK TOTAL AVERAGE
HIGH PRIORITY MEASURES FROM ORMSS SHORELINE CHANNEL GRAVEL BAR I EMBAYMENT I WETLAND I POOL RIPARIAN I ISLAND I CHANNEL SCORE SCORE
0 0 0 0 5.0 0 0 0 0 1 67

Restore wetlands in upper ends of embayments
to reduce siltation and create fish and wildlife
habitat

Conduct economic evaluation of watershed
functions and benefits

TOTAL SCORE
AVERAGE SCORE
NUMBER 2 3

SCORING:

5= SIGNIFICANT CONTRIBUTION
4 = MAJOR CONTRIBUTION

3 = MODERATRE CONTRIBUTION
2= MINIMAL CONTRIBUTION
1=NO CONTRIBUTION

INSTITUTIONALLY RECOGNIZED
SCARCITY

SIGNIFICANCE FACTOR
WOPC
WPC

1.00

56.00

2.15

1.00

44.00

1.69

1.00

45.00

1.73

1.00

58.00

223

10

1SF is 4 if location is not within National Wildlife Refuge; SF is 5 if location is within National Wildlife Refuge.

1.00

57.00

219

8

1.00

32.00

1.23

1
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1.00

38.00

1.46

3

1.00

61.00

4/5!
4/5!

1.00

62.00

2.38

1

4/5
4/5

0.00
1.00
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5.4 Evaluation of Ecosystem Restoration Costs

Costs for each measure are determined based on design parameters and are expressed in
monetary terms. Costs include both initial implementation as well as operation and
maintenance. Costs are annualized to provide a basis for comparison among alternatives.
For example, alternative X will produce Y ecosystem benefits/year at a cost of Z
dollars/year. Detailed cost estimates for each site are in Enclosure 7.

5.5 Cost Effectiveness/Incremental Cost Analysis

Incremental analysis follows the procedures in ER 1105-2-100 (Planning Guidance
Manual), IWR Report 96-R-21, and IWR Report 97-R-4. The most cost effective
combinations of features are combined in Future WPC Alternatives. For each
Alternative, the annual SOU value of each habitat is determined for the life of the project.
Annual SOUs for each habitat type are then summed to develop the annual SOUs for an
alternative or option. SOUs for each alternative are then compared to average annual
costs (including O&M) for that alternative to determine those alternatives or
combinations of alternatives that are cost effective and are determined to be justified and
recommended in accordance with prevailing Corps of Engineers policy.

To assist in cost effectiveness/incremental cost analysis, IWR has made software
available that allows hundreds of iterations of detailed assessments to be run quickly.
The computer program IWR-PLAN is available with instructions at:
www.pmcl.com/iwrplan/. For the UONS Ecosystem Restoration analysis, the
HQUSACE certified version of IWR-PLAN was used.
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6.0 ECOSYSTEM BENEFITS

Detailed determinations of ecosystem outputs (benefits) are in Enclosure 6.

6.1  Emsworth Pool

Two sites in the Emsworth Pool are evaluated for ecosystem restoration measures. The
most upstream site is a deep channel area that appears to have been disturbed by previous
commercial sand and gravel dredging. This site is upstream of Neville Island from
approximately ORM 3.9 to 5.0. The other site is at Davis Island, where foreshore dikes
are being considered along the main shoreline of the back channel of the island from
approximately ORM 4.5 to 5.2.

6.1.1 Dredgehole Contouring and Substrate Enhancement Upstream of Neville
Island, Site 6

This site is from ORM 3.9 to 5.0 in the Emsworth Pool. The site appears to have been
previously disturbed by commercial sand and gravel extraction. Initially, the site was
identified as a potential candidate for deep-water restoration through re-contouring the
substrate to improve its suitability as a spawning site for riverine spawning fish species.
This concept was based on the premise that the site was comprised of a very deep hole
with nearly vertical sides leading up to the surrounding elevation of the riverbed.
However, bathymetry data obtained during the course of the study revealed that bottom
elevation differences are actually much less pronounced than previously thought (Figure
6-1).

Figure 6-1. Bathymetry of Site 6, Upstream of Neville Island
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6.1.2 Foreshore Dikes at Davis Island, Site 5

This site is located in the backchannel of Davis Island along the main shoreline behind
Davis Island. Only cross section data every 100 ft were available at this site since it was
outside the navigation channel where bathymetry data was available.

6.1.2.2 Davis Island Main Shoreline

The WPC would begin approximately ORM 4.5 and would extend for approximately
3827' downstream. The area defined as the treatment zone (i.e., the area of direct
improvement) would encompass the area between the shoreline and the dike, both dike
slopes, and open water out to 250" from shore. Area of the treatment zone would be
21.96 acres. The area of the pool between the dike and shoreline would be 1.83 acres,
and the area of the stone dike would be 3.45 acres. The vegetation zone (i.e., shoreline to
3" depth) would be 1.47 acres. Because this site is in a backchannel area where velocities
are expected to be substantially less than along main channel shorelines, near-shore
velocities (25.5 cm/s) in the WOPC were estimated at 20% of the 1-year frequency main
channel flow of 3.64 ft/sec (111 cm/sec). Near-shore velocities in the WPC were
estimated at 0.1 ft/s (0.3 cm/sec).

6.1.2.2.1 Treatment Area. Applying the above values to the HSI model for channel
catfish resulted in the following HSI scores for the treatment area (see Enclosure 6 for
HSI determination details):

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.47 0.47 0.47 0.47 0.47
WPC 0.73 0.80 0.85 0.85 0.83
Results of the HSI model for smallmouth bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.48 0.52 0.56 0.56 0.55
Results of the HSI model for white crappie in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.65 0.67 0.72 0.72 0.71

Treatment area HSI is the mean of average annual HSIs for the three evaluation species:
WOPC Average Annual HSI = 0.157 (SI=HSI X 10)

WPC Average Annual HSI = 0.697

Treatment Area WOPC SOU = 21.96 (acres) X 1.57 (SI) X 4 (SF) =137.91

Treatment Area WPC SOU =21.96 X 6.97 X 4 =612.24
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6.1.2.2.2 Intermediate Area. Professional judgment was that the WPC would be
expected to provide a 20% improvement to the fish community of the 500-acre area
adjacent to the treatment area. For estimation purposes, the WOPC HSI throughout this
500-acre area is the same as the WOPC HSI for the treatment area. Therefore, the
average annual HSI is determined by adding 20% of the average of WPC HSIs for the
three evaluation species to the WOPC HSI average.

Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 (SF) =1570.00
Intermediate Area WPC SOUs =500 X 2.96 X 2 =2960.00

6.1.2.2.3 Pool-Wide Area. The WPC would be expected to provide a 10%
improvement to the fish community of the remainder of Emsworth Pool over that of the
WOPC. For estimation purposes, the WOPC HSI throughout this 2,372-acre area is the
same as the WOPC HSI for the treatment area. Therefore, the average annual HSI is
determined by the WOPC HSI plus 10% of the average of WPC HSIs for the three
evaluation species.

Pool-Wide WOPC SOUs = 2,372 (acres) X 1.57 (SI) X 2 =9332.08
Pool-Wide WPC SOUs =2,372 X 2.27 X 2 =10768.88

Total average annual aquatic SOUs are:

WOPC =11039.99
WPC = 14341.12

6.1.2.2.4 Riparian Zone. SOUs for the riparian zone were determined as follows:

Riparian Zone WOPC SOUs = 2.64 (acres) X 1.00 (SI) X 2 (SF) =5.27
Riparian Zone WPC SOUs = 2.64 X 3.15 X 3 =24.91

6.1.2.2.5 Total SOUs for the Davis Island Main Shoreline Site. Total SOUs for the
Davis Island Main Shoreline Site are obtained by adding aquatic and riparian SOUs for
the WOPC and for each option:

WOPC SOUs = 11045.26
WPC SOUs = 14366.03

The above values are average annual SOUs. Input into the CE/ICA uses net benefits
(e.g., WPC SOUs minus WOPC SOUs = Net Average Annual SOUs).

Net Average Annual SOUs are:

WOPC=0
WPC = 3287.77
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6.2 Dashields Pool
6.2.1 Foreshore Dikes at Neville Island, Site 7

The only site evaluated in the Dashields Pool is approximately ORM 8.8 - 9.0 in the
backchannel of Neville Island. The Emsworth Back Channel Dam is located
approximately two miles upstream of the site. Flows in the back channel are somewhat
reduced from those in the main channel, although water is continuously released through
the gates of the upstream dam. Because bathymetry data were not adequate to estimate
quantities of stone, detailed evaluations of this site were not carried forward in this report.

6.3 Montgomery Pool

Four sites in the Montgomery Pool are evaluated for ecosystem restoration. These are:

Ambridge Foreshore Dikes (ORM 17.6 - 17.9)

Beaver River Gravel Bar Improvements (ORM 25.5)

Fourmile Run Foreshore Dikes (ORM 29.7 - 30.5)

Montgomery Slough Embayment/Wetland Restoration (ORM 31.0 - 31.9)

6.3.1 Foreshore Dikes at Ambridge, Site 10

This site is located in the Montgomery Pool, approximately ORM 17.6 - 17.9. The WPC
would begin approximately ORM 17.6 and would extend approximately 2120’
downstream. The area defined as the treatment zone (i.e., the area of direct
improvement) would encompass the area between the shoreline and the dike, both dike
slopes, and open water out to 250" from shore. Area of the treatment zone would be
13.31 acres. The area of the pool between the dike and shoreline would be 1.91 acres in
the WPC. Area of the stone dike would be 1.32 acres, and the vegetation zone (i.e.,
shoreline to 3' depth) would be 1.23 acres. Near-shore velocities (24.34. cm/s) in the
WOPC were estimated at 35% of the 5 year frequency flow of 2.28 ft/sec (69.54 cm/sec).
Near-shore velocities in the WPC were estimated at 0.1 ft/s (0.3 cm/sec).

6.3.1.1 Treatment Area

Applying the above values to the HSI model for channel catfish resulted in the following
HSI scores for the treatment area:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.47 0.47 0.47 0.47 0.47
WPC 0.70 0.77 0.83 0.83 0.81
Results of the HSI model for smallmouth bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.38 0.46 0.58 0.58 0.54
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Results of the HSI model for white crappie in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg, Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.71 0.80 0.83 0.83 0.82

Treatment area HSI is determined by averaging the average annual HSIs for the three
evaluation species:

WOPC Average Annual HSI = 0.157
WPC Average Annual HSI = 0.723

Treatment Area WOPC SOU = 13.31 (acres) X 1.57 (SI) X 2 (SF) =41.79
Treatment Area WPC SOU = 13.31 X 7.23 X 4 =384.93

6.3.1.2 Intermediate Area

The WPC would be expected to provide a 20% improvement to the fish community of
the 500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for the treatment area.
Therefore, the average annual HSI is determined by the WOPC HSI plus 20% of the
average of WPC HSIs for the three evaluation species.

Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 =1570.00
Intermediate Area WPC SOUs =500 x 3.02 X 2 =3020.00

6.3.1.3 Pool-Wide Area

The WPC would be expected to provide a 10% improvement to the fish community of
the remainder of Montgomery Pool over that of the WOPC. For estimation purposes, the
WOPC HSI throughout this 2,508-acre area is the same as the WOPC HSI for the
treatment area. Therefore, the average annual HSI is determined by the WOPC HSI plus
10% of the average of WPC HSIs for the three evaluation species.

Pool-Wide WOPC SOUs = 2,508 (acres) X 1.57 (SI) X 2 (SF) =7875.12
Pool-Wide WPC SOUs =2,508 X 2.29 X 2 = 11486.64

Total average annual aquatic SOUs are:
WOPC =9486.91
WPC = 14891.57

6.3.1.4 Riparian Zone

SOUs for the riparian zone were determined as follows:

Riparian Zone WOPC SOUs = 1.60 (acres) X 1.00 (SI) X 2 (SF) =3.20
Riparian Zone WPC SOUs =1.60 X 3.15 X 3=15.10
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6.3.1.5 Total SOUs for the Ambridge Site

Total SOUs for the Ambridge Site are obtained by adding aquatic and riparian SOUs for
the WOPC and for each option:

WOPC SOUs = 9490.11
WPC SOUs = 14906.67

The above values are average annual SOUs. Input into the CE/ICA uses net benefits.

Net Average Annual SOUs are:
WOPC=0
WPC =5416.56

6.3.2 Beaver River Gravel Bar Improvements

This site is located in the Ohio River proper (Montgomery Pool) at the mouth of Beaver
River (ORM 25.5). Areas upstream and downstream of Beaver River were examined for
habitat enhancement measures. As can be seen in Figure 6-2, habitat on the upstream
portion exhibits considerably greater complexity, in the form of variable depths, than
does that in the downstream portion. Upstream depths vary from elevation 648' MSL to
668' MSL, whereas those in the downstream area vary from elevation 662' MSL to 670’
MSL. Water surface elevation of the Montgomery pool is 682> MSL.

Figure 6-2. Bathymetry at the Beaver River Site
The only improvement measure considered for this site consists of placement of boulder

clusters extending from 6 to 10 ft above the existing bottom both upstream and
downstream of the mouth of Beaver River (15.47 acres). These boulder clusters,
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approximately 6.1 m (20 ft) diameter at the base, would provide habitat complexity and
develop microhabitats that would provide velocity shelters, resting areas, winter habitat,
and benthic macroinvertebrate production. Boulder clusters would be grouped in “fields”
of 10-20 clusters in each field, with fields separated by several feet. It is expected that
substrates would change somewhat in the immediate vicinity of each cluster, with
removal of small particles at the upstream side and around the edges due to increased
water velocity in these areas. Also, fine grained sediments would be able to deposit on
the downstream side of the cluster due to decreased water velocities and "eddy effect."
Boulder clusters would also provide numerous spaces among the boulders that would be
suitable for cavity nesting fish species and would be highly productive for benthic
macroinvertebrates. Clusters would be placed at depths sufficient to ensure they would
not constitute hazards to either commercial or recreational navigation.

Evaluation species for the site are walleye, white bass, and spotted bass.

6.3.2.1 Treatment Area

Applying the above values to the HSI model for walleye resulted in the following HSI
scores for the treatment area:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.20 0.20 0.20 0.20 0.20
WPC 0.80 0.90 0.90 0.90 0.90

Results of the HSI model for spotted bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg.
Annual HSI
WOPC 0.20 0.20 0.20 0.20 0.20
WPC 0.70 0.70 0.70 0.70 0.70

Results of the HSI model for white bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.72 0.72 0.72 0.72 0.72
WPC 0.77 0.77 0.77 0.77 0.77

Treatment area HSI is determined by averaging the average annual HSIs for the three
evaluation species:

WOPC Average Annual HSI = 0.373
WPC Average Annual HSI=0.790

Calculation of SOUs for aquatic habitats was accomplished by using the CELRD
procedure as follows:

Treatment Area WOPC SOU = 15.47 (acres) X 3.73 (SI) X 3 (SF)=173.11
Treatment Area WPC SOU = 15.47 X 7.90 X 3 =366.64
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6.3.2.2 Intermediate Area

The WPC would be expected to provide a 20% improvement to the fish community of
the 500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for the treatment area.
Therefore, the average annual HSI is determined by the WOPC HSI plus 20% of the
average of WPC HSIs for the three evaluation species.

Intermediate Area WOPC SOUs = 500 (acres) X 3.73 (HSI) X 3 (SF) =5595.00
Intermediate Area WPC SOUs =500 X 5.31 X 3 =7965.00

6.3.2.3 Pool-Wide Area

The WPC would be expected to provide a 10% improvement to the fish community of
the remainder of the Montgomery Pool over that of the WOPC. For estimation purposes,
the WOPC HSI throughout the remainder of Montgomery Pool is the same as the WOPC
HSI for the treatment area. Therefore, the average annual HSI is determined by the
WOPC HSI plus 10% of the average of WPC HSIs for the three evaluation species.

Pool-Wide WOPC SOUs = 2,494.3 (acres) X 3.73 (HSI) X 3 (SF) =27911.22
Pool-Wide WPC SOUs = 2,494.3 X 4.52 X 3 = 33822.71

6.3.2.4 Interpool Benefits

Two of the evaluation species (walleye and white bass) are highly migratory and have
been shown to move among pools. Further, these species are representative of other
riverine species, implying that many other mobile fishes would benefit from habitat
improvements at the site. For these reasons, it is likely that increasing habitat for the
indicator species would also increase the amount of interpool movement for several
species. This would reduce the possibility of genetic isolation and would increase the
likelihood of fish transporting mussel glochidia among pools. As such, improvements
considered in the WPC should contribute to recovery of freshwater mussel populations
throughout the UONS study area and possibly beyond. Although these benefits are
recognized, no attempt was made to quantify them for purposes of determining cost
effectiveness of this alternative. There is considerable interest on the part of stakeholders
in reintroducing native freshwater mussels in the upper Ohio region to boost the recovery
process that apparently has already begun.

6.3.2.5 Total SOUs for the Beaver River Site

The above values are average annual SOUs. Input into the CE/ICA uses net benefits
(e.g., WPC SOUs - WOPC SOUs = Net Average Annual SOUs).

Average Annual WOPC SOUs =33679.33
Average Annual WPC SOUs =42154.35
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Net Average Annual SOUSs:
WOPC =0
WPC = 8475.02

WOPC =0
WPC =4296.86

6.3.3 Foreshore Dikes at Fourmile Run, Site 13

This site is located in the Montgomery Pool, approximately ORM 29.7 - 30.5. Two
options for foreshore dikes are evaluated for the Fourmile Run Site. Option S would
place the inner toe of the dike approximately one foot deep, and Option M would place
the inner toe approximately three feet deep. Either option would begin approximately
ORM 29.7. Option S and would extend for approximately 2290' downstream, while
Option M would extend approximately 2315” downstream. The area defined as the
treatment zone (i.e., the area of direct improvement) would encompass the area between
the shoreline and the dike, both dike slopes, and open water out to 250' from shore. Area
of the treatment zone would be 14.43 acres under either option. The area of the pool
between the dike and shoreline would be 3.11 acres under Option S and 4.35 acres under
Option M. Areas of the stone dike would be 0.12 acres under Option S and 2.27 acres
under Option M. The vegetation zone (i.e., shoreline to 3' depth) would be 3.11 acres
under Option S and 4.35 acres under Option M. Near-shore velocities (11.32 cm/s) in the
WOPC were estimated at 35% of the 5-year frequency flow of 1.06 ft/sec (32.33 cm/sec).
Near-shore velocities in the WPC were estimated at 0.1 ft/sec (0.3 cm/sec).

6.3.3.1 Treatment Area

Applying the above values to the HSI model for channel catfish resulted in the following
HSI scores for the treatment area:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.47 0.47 0.47 0.47 0.47
WPC Option S 0.55 0.77 0.88 0.88 0.84
WPC Option M 0.79 0.91 0.97 0.97 0.94
Results of the HSI model for smallmouth bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
Option S 0.30 0.40 0.60 0.60 0.54
Option M 0.59 0.66 0.66 0.66 0.65
Results of the HSI model for white crappie in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
Option S 0.73 0.85 0.90 0.90 0.88
Option M 0.78 0.92 0.97 0.97 0.95

Treatment area HSI is determined by averaging the average annual HSIs for the three
evaluation species:
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WOPC Average Annual HSI = 0.157
Option S Average Annual HSI = 0.753
Option M Average Annual HSI = 0.847

Calculation of SOUs for aquatic habitats was accomplished by using the CELRD
procedure as follows:

Treatment Area WOPC SOU = 14.43 (acres) X 1.57 (SI) X 2 =45.31
Treatment Area Option S SOU = 14.43 X 7.53 X 4 =434.63
Treatment Area Option M SOU = 14.43 X 8.47 X 4 = 488.89

6.3.3.2 Intermediate Area

Option S would be expected to provide a 10% improvement to the fish community of the
500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for the treatment area.
Therefore, the average annual HSI is determined by the WOPC HSI plus 10% of the
average of WPC HSIs for the three evaluation species. Option M would be expected to
provide a 20% improvement to the fish community of the 500-acre area adjacent to the
treatment area. For estimation purposes, the WOPC HSI throughout this 500 acre area is
the same as the WOPC HSI for the treatment area. Therefore, the average annual HSI is
determined by the WOPC HSI plus 20% of the average of WPC HSIs for the three
evaluation species.

Channel Zone Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 (SF) =
1570.00

Channel Zone Intermediate Area Option S SOUs = 500 X 2.32 X 2 =2320.00
Channel Zone Intermediate Area Option M SOUs = 500 X 3.26 X 2 = 3260.00

6.3.3.3 Pool-Wide Area

Option S would be expected to provide a 5% improvement to the fish community of the
remainder of Montgomery Pool over that of the WOPC. For estimation purposes, the
WOPC HSI throughout the remainder of Montgomery Pool is the same as the WOPC
HSI for the treatment area. Therefore, the average annual HSI is determined by the
WOPC HSI plus 5% of the average of HSIs for the three evaluation species. Option M
would be expected to provide a 10% improvement to the fish community of the
remainder of Montgomery Pool over that of the WOPC. For estimation purposes, the
WOPC HSI throughout this 2,508-acre area is the same as the WOPC HSI for the
treatment area. Therefore, the average annual HSI is determined by the WOPC HSI plus
10% of the average of HSIs for the three evaluation species.

Pool-Wide WOPC SOUs = 2,508 (acres) X 1.57 (SI) X 2 (SF) =7875.12
Pool-Wide Option S SOUs =2,508 X 1.95 X 2 =9781.20
Pool-Wide Option M SOUs =2,508 X 2.42 X 2 =12138.72
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6.3.3.4 Total Average Annual Aquatic SOUs

Total Average Annual Aquatic SOUSs are:

WOPC =9490.43
Option S = 12535.83
Option M = 15887.61

6.3.3.5 Riparian Zone

SOUs for the riparian zone are the same for Option S and Option M. Therefore, SOUs
were determined as follows:

Riparian Zone WOPC SOUs = 3.43
Riparian Zone Options S and M SOUs = 16.21

6.3.3.6 Total SOUs for the Fourmile Run Site

Total SOUs for the Fourmile Run Site are obtained by adding aquatic and riparian SOUs
for the WOPC and for each option:

WOPC SOUs =9493.8
Option S SOUs = 12552.04
Option M SOUs = 15903.82

The above values are average annual SOUs. Input into the CE/ICA uses net benefits
(e.g., Option M SOUs - WOPC SOUs = Net Average Annual SOUs).

Net Average Annual SOUSs:

WOPC =0
Option S = 3058.18
Option M = 6409.96

6.3.4 Embayment/Wetland Restoration at Montgomery Slough, Site 14

Montgomery Slough is shown in Figures 6-3 and 6-4. Site characteristics were described
earlier in this report. Habitat improvement measures considered for this site are:

Option 1 - Install Large Woody Debris (LWD) in the embayment portion of the site and
remove exotic vegetation (e.g., purple loostrife) from the riparian zone;

Option 2 - Install LWD, remove exotic vegetation, and dredge a channel in the center of
the embayment with a hydraulic dredge, dispose material in previously used upland site,
and shape disposal site to create vernal pool wetlands.
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Figure 6-3. Montgomery Slough

Figure 6-4. Upper End of Montgomery Slough
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6.3.4.1 Option 1

Option 1 would be the least aggressive restoration plan. LWD is typically defined by
biologists as logs with a minimum diameter of 4" and a minimum length of 6' that
protrude or lay within a stream channel (Connecticut DEP, undated). Research studies
have shown that LWD is a vital and naturally occurring component of healthy stream
ecosystems. LWD provides fish habitat, channel and bank stability, and biological
diversity. LWD extending above the water surface also provides perching/resting habitat
for birds and reptiles. A specific type of LWD, Engineered Log Jams (ELJs), were
considered in the preliminary ecosystem restoration report for the UONS. ELIJs are
permeable to flow, and the wood provides habitat for fish and macroinvertebrates. They
are less expensive to construct and install, and they create more habitat than many other
types of features. However, there are no codified design criteria for ELJs, and their
installation is subject to agency apprehension while requiring non-traditional methods
and materials.

LWD can be categorized as three types: whole trees, logs, and root wads. A whole tree is
a tree cut off at the stump with all or most of the limbs attached, including terminal
branches. Logs are sections of the bole with all limbs removed. Root wads consist of the
root portion of the tree and a section of the bole. The many small terminal lateral
branches on whole trees provide a large surface area and many interstitial spaces - ideal
habitat for aquatic invertebrates and fishes (Fischenich and Morrow, May 2000).
Estimated life of LWD structures is often underestimated by at least 25 to 50 percent
(Frissell and Nawa 1992). Evaluation studies of LWD structures in streams suggest that
a realistic life span for LWD structures is 5 to 15 years, barring failure. Factors
influencing LWD structure life include:

Tree species (cypress, cedar, redwood, and oak last longest)

Climate (dry and cool climates prolong life)

Position relative to water surface (frequent wetting and drying reduces life; continuously
submerged wood lasts longest)

Soil contact (microbial digestion in soils limits life, but burial in anaerobic soils prolongs
life almost indefinitely) (Fischenich and Morrow, May 2000).

Monitoring and maintenance are critical for projects incorporating LWD. Most structures
should be examined after the first high-flow event, the first ice-out (if applicable), and
after one year to determine performance. Maintenance needs that should be anticipated
include replacement, reanchoring, and removal of failed material. Realistic maintenance
budgets should account for full replacement every ten years (Fischenich and Morrow,
May 2000). These maintenance requirements provide general guidance for flowing water
installations of LWD. For this evaluation where LWD would be placed in a slack water
area, it is assumed that the non-Federal sponsor will supplement or replace LWD
periodically (every 20-25 years or as conditions indicate throughout the 50 year planning
horizon).
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6.3.4.2 Option 2

Hydraulically dredging a channel through the center of the embayment of Montgomery
Slough would remove accumulated soft sediments that have deposited over the years.
This would affect habitat in two ways: 1) it would convert the embayment from a nearly
uniform depth to a combination of shallow flats dissected by a deep-water area, and 2) it
would encourage movement by fish into and out of the embayment as well as within the
embayment. Diversifying water depth has several benefits to fish. It provides vertical
temperature gradients as well as light penetration gradients that allow fish to select
preferred conditions. It increases habitat complexity that tends to concentrate prey fish
and facilitates foraging by larger piscivorous individuals. Another benefit of a deeper
channel is that it provides winter habitat used by many fish species as shelter from river
channel velocities. Recent studies (USACE, 2006) have shown the importance of winter
habitat such as would be created through deepening of Montgomery Slough embayment.
It should be noted that the importance of winter habitat for fish was acknowledged but
not quantitatively factored into most species HSI models used in this report. Because
HSI model output does not include variables reflecting winter habitat, index values
underestimate habitat quality added by this measure.

Dredging a channel requires removal of material and subsequent placement in another
location. In Montgomery Slough, material placement would occur in an upland area
previously used for disposal of material from channel maintenance dredging.

Dredging a channel in Montgomery Slough embayment and pumping the material into
the upland site previously used for disposal of material from channel maintenance
dredging operations would destroy the low quality vegetation (made up largely non-
native species) on the disposal area. Newly dredged material would be used to plate over
part of the site. Following a dewatering period, the material would be reshaped to drain
into a series of small basins where it would temporarily collect water to form vernal pool
wetlands. Because of the pervious nature of the material, it is expected that a liner would
be necessary for the pool to retain water for prolonged periods of time (Figure 6-5).
Upon completion of final grading and liner placement, natural materials would be placed
within the pool to provide habitat (Figure 6-6).
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Figure 6-5. Vernal Pool Wetland Construction

Figure 6-6. Final Stage of Vernal Pool Wetland Creation

6.3.4.3 Treatment Area

Evaluation species for the embayment portion of the Montgomery Slough site are
largemouth bass, white crappie, and bluegill.

Embayment area:
Application of the HSI model for largemouth bass resulted in the following HSI scores

for the 23.57-acre embayment:
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Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.84 0.84 0.87 0.87 0.86
Option 1 0.90 0.90 0.90 0.90 0.90
Option 2 0.90 0.90 0.90 0.90 0.90
Results of the HSI model for white crappie in the embayment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.74 0.74 0.79 0.83 0.79
Option 1 0.95 0.95 0.95 0.95 0.95
Option 2 0.95 0.95 0.95 0.95 0.95
Results of the HSI model for bluegill in the embayment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.72 0.72 0.87 0.87 0.82
Option 1 0.90 0.93 0.93 0.93 0.93
Option 2 0.90 0.93 0.93 0.93 0.93

Calculation of SOUs for aquatic habitats in the treatment area was accomplished by using
the CELRD procedure as follows:

Treatment Area WOPC SOU = 23.57 (acres) X 8.23 (SI) X 4 (SF) =775.92

Treatment Area Option 1 SOU =23.57 X 9.27 X 4 = 873.98
Treatment Area Option 2 SOU =23.57 X 9.27 X 4 =873.98

6.3.4.4 Intermediate Area

The WPC would be expected to provide a 20% improvement to the fish community of the
500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for other riverine areas (0.157).
Therefore, the average annual HSI is determined by adding 20% of the average of WPC
HSIs for the three evaluation species to the WOPC HSI used for site 13 (HSI = 1.57).

Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 (SF) = 1570.00
Intermediate Area Option 1 SOUs =500 X 3.42 X 2 =3420.00
Intermediate Area Option 2 SOUs =500 X 3.42 X 2 =3420.00

6.3.4.5 Pool-Wide Area

The WPC would be expected to provide a 10% improvement to the fish community of
the remainder of the Montgomery Pool over that of the WOPC. For estimation purposes,
the WOPC HSI throughout the remainder of Montgomery Pool is the same as the WOPC
HSI for other riverine areas (0.157). Therefore, the average annual HSI is determined by
the WOPC HSI plus 10% of the average of WPC HSIs for the three evaluation species.

Pool-Wide WOPC SOUs = 2,494.3 (acres) X 1.57 (SI) X 2 (SF) =7832.10
Pool-Wide Option 1 SOUs =2,494.3 X 2.50 X 2 = 12471.50
Pool-Wide Option 2 SOUs = 2,494.3 X 2.50 X 2 = 12471.50
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6.3.4.6 Vernal Pools

HSI models were not used for evaluation of the upland area, as no certified species
models were deemed appropriate for evaluation of vernal pool habitat. Instead,
professional judgment was employed to estimate habitat quality in the WOPC and the
WPC (Options 1 and 2). It was estimated that vernal pool wetlands would improve the
habitat over approximately 10 acres of the previously disturbed area (38.02 acres). SI for
vernal pool habitat improvements for the WOPC and each option are:

Initial Year 5 Year 25 Year 50 Avg. Annual SI
WOPC 0 0 0 0 0.00
Option 1 0 0 0 0 0.00
Option 2 2.00 4.00 6.00 7.00 5.55

SOUs for vernal pool measures are:

WOPC SOUs = 10 (acres) X 0.00 (SI) X 2 (SF) =0.00
Option 1 SOUS =10 X 0.00 X 2 =0.00

Option 2 SOUs =10 X 5.50 X 2=111.00

6.3.4.7 Riparian Area

HSI models were not used for evaluation of the 14.82-acre riparian area. Instead,
professional judgment was employed to estimate habitat quality in the WOPC and the
WPC (Options 1 and 2).

Initial Year 5 Year 25 Year 50 Avg. Annual SI
WOPC 3 3 4 5 3.95
Option 1 4 5 6 7 5.90
Option 2 4 5 6 7 5.90

SOUs for riparian areas are:

WOPC SOUs = 14.82 (acres) X 3.95 (SI) X 2 (SF) =117.08
Option 1 SOUS =14.82 X 5.90 X 3 =262.31

Option 2 SOUs = 14.82 X 5.90 X 2 =262.31

6.3.4.8 Average Annual SOUs

Average annual SOUs are:

WOPC Option 1 Option 2
Aquatic* 12028.02 16765.48 16765.48
Vernal Pools 0.00 0.00 111.00
Riparian 117.08 262.31 262.31
Total 12145.10 17027.79 17138.79

* Aquatic SOUs do not include benefits provided by provision of wintering habitat through channel
deepening.
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The above values are average annual SOUs. Input into the CE/ICA uses net benefits
(e.g., WPC SOUs - WOPC SOUs = Net Average Annual SOUs). Because costs for
vernal pools were not available for analysis, benefits from vernal pools (Option 2 SOUs =
111.00) are not included in Net Average Annual SOUs below.

Montgomery Slough Net Average Annual SOUs:
WOPC = 0.00

Option 1 =6732.69

Option 2 = 6732.69

6.4  New Cumberland Pool

Two sites in the New Cumberland Pool are evaluated. Both sites are islands that are
components of the Ohio River Islands National Wildlife Refuge. They are Phillis Island
(ORM 35.0 - 35.7) and Georgetown Island (ORM 37.5 - 37.8).

6.4.1 Foreshore Dikes at Phyllis Island, Site 16
This site is located in the New Cumberland Pool, approximately ORM 35.0 - 35.7.
Phillis Island has experienced severe erosion and loss of acreage over the years. Figure

6-7 shows historical acreage of Phillis Island as erosion reduced the island from 25.8
acres in 1952 to 20.1 acres in 2004 (based on information from Ohio Islands NWR).

Figure 6-7. Phyllis Island Acreage, 1951 to 2004
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Figure 6-8 shows bathymetry data in the Phillis Island vicinity. The deep water area
(blue) in the channel adjacent to Phillis Island (red) is thought to be the result of previous
sand and gravel dredging and may be a contributing factor to the erosional processes
affecting the island. Figure 6-9 shows bank erosion of the channel side of the island. As
can be seen in Figure 6-7, erosion predominately has occurred at the upper end of the
island and on the channel side shoreline. The back channel shoreline and downstream
portion of the island have experienced substantially fewer erosional losses.

Islands in the Ohio River are valuable resources as reflected by establishment of the
national refuge to protect and manage them. Islands provide riparian/floodplain habitats
that support a wide variety of wildlife species. In addition, the backchannels, as well as
upstream and downstream areas of islands, often provide clean swept gravel shoals
conducive to supporting aquatic life, especially native freshwater mussels. Along with
dam tailwaters, backchannels provide aquatic habitats that most resemble those of the
Ohio River prior to construction of locks and dams. The presence of islands also
provides erosion protection to the main shoreline on the back side of the island. Islands
frequently contain significant historic and prehistoric archeological sites, and many of
these sites have been lost due to erosion.

Figure 6-8. Bathymetry in the Vicinity of Phyllis Island
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Figure 6-9. Phyllis Island Shoreline (Channel Side)

In the WPC, the inner toe of the foreshore dike would be approximately four feet deep.
The dike would begin several feet upstream of the island (approximately ORM 35.0) and
would extend to just downstream of the island toe for a total distance of approximately
2700 feet. The area defined as the treatment zone (i.e., the area of direct improvement)
would encompass the area between the island shoreline and the dike, both dike slopes,
and open water out to 250" from the island shore. The treatment area would also
encompass the island proper (riparian habitat). Area of the treatment zone would be
40.40 acres (16.64 aquatic and 23.76 riparian). The area of the pool between the dike and
shoreline would be 3.87 acres. Area of the stone dike would be 2.17 acres, and the
vegetation zone (i.e., shoreline to 3' depth within the dike) would be 3.17 acres. Near-
shore main channel velocities (27.97 cm/s [0.91 ft/s]) in the WOPC were estimated at
35% of the 5 year frequency flow of 79.91 cm/sec (2.62 ft/sec). Near-shore velocities in
the WPC were estimated at 0.1 ft/s (0.3 cm/sec). No data were available to determine
velocities in the backchannel. Backchannel area is being affected by island erosion and
could eventually become main channel habitat; therefore, this area, along with the main
shoreline riparian zone, is included in the benefits analysis.

6.4.1.1 Treatment Area

Applying the above values to the HSI model for channel catfish resulted in the following
HSI scores for the treatment area:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.47 0.47 0.47 0.47 0.47
WPC 0.74 0.84 0.92 0.92 0.89
Results of the HSI model for smallmouth bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.40 0.49 0.57 0.57 0.54
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Results of the HSI model for white crappie in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.75 0.86 0.92 0.92 0.90

Treatment area HSI is determined by averaging the average annual HSIs for the three
evaluation species:

WOPC Average Annual HSI = 0.157
WPC Average Annual HSI = 0.777

Calculation of SOUs for aquatic habitats was accomplished by using the CELRD
procedure as follows:

Treatment Area WOPC SOU = 16.64 (acres) X 1.57 (SI) X 2 (SF) = 52.25
Treatment Area WPC SOU =16.64 X 7.77 X 4 =517.17

6.4.1.2 Intermediate Area

The WPC would be expected to provide a 20% improvement to the fish community of
the 500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for the treatment area.
Therefore, the average annual HSI is determined by the WOPC HSI plus 20% of the
average of WPC HSIs for the three evaluation species.

Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 =1570.00
Intermediate Area WPC SOUs =500 X 3.12 X 2 =3120.00

6.4.1.3 Pool-Wide Area

The WPC would be expected to provide a 10% improvement to the fish community of
the remainder of the New Cumberland Pool over that of the WOPC. For estimation
purposes, the WOPC HSI throughout this 3,477-acre area is the same as the WOPC HSI
for the treatment area. Therefore, the average annual HSI is determined by the WOPC
HSI plus 10% of the average of WPC HSIs for the three evaluation species.

Pool-Wide WOPC SOUs = 3477 (acres) X 1.57 (SI) X 2 (SF) =10917.78
Pool-Wide WPC SOUs = 3477X 2.35 X 2 =16341.90

6.4.1.4 Backchannel Area

The backchannel at Phillis Island is approximately 2700 ft long and 300 ft wide
constituting 18.60 acres in 2010. No Specific HSI models were employed to estimate
benefits in the WOPC and WPC for this area. In both the WOPC and WPC, the quality
(SI) value was assumed to be 6.0 on the LRD scale. It was assumed in the WOPC that
island erosion rates would continue at historic levels, and backchannel habitat would be
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reduced by a corresponding amount. From 1952 through 2004, the rate of island loss
averaged 0.11 acres/year (see Figure 6-2). At that rate, the 21.00 island acres remaining
in 2010 would be 20.45 acres in 2015, 18.25 acres in 2035, and 15.50 acres in 2060.
Proportioning the backchannel acreage by the island loss rate, it was calculated that there
would be a 2.6% loss in 2015 (18.12 acres remaining), a 13.1% loss in 2035 (16.16 acres
remaining), and 26.2% loss by 2060 (13.73 acres remaining). Over time, the area that
was formerly backchannel habitat would assume characteristics similar to main channel
shoreline habitat, initially as a shallow shoal area and eventually as channel edge/littoral
zone. In the WPC, it is assumed that island acreage, and therefore backchannel acreage
would remain at the 2010 levels. Estimates of average annual SOUs for backchannel
habitat are:

Initial  Year5 Year25  Year50 Avg. Annual SOUs

Backchannel Area WOPC SOUs = 558.00 543.60 484.80  411.90 484.94
Backchannel Area WPC SOUs = 558.00 558.00 558.00  558.00 558.00

6.4.1.5 Total Average Annual Aquatic SOUs

Total Average Annual Aquatic SOUs are:

WOPC = 13024.97
WPC =20537.07

6.4.1.6 Riparian Zone

Average annual SOUs for the riparian zone were determined as follows:

Riparian Zone (including Phillis Island and main shoreline) WOPC SOUs = 95.06
Riparian Zone (including Phillis Island and main shoreline) WPC SOUs = 374.28

6.4.1.7 Total SOUs for the Phyllis Island Site

Total SOUs for the Phillis Island Site are obtained by adding aquatic and riparian SOUs
for the WOPC and for the WPC:

WOPC SOUs = 13120.03
WPC SOUs =20911.35

The above values are average annual SOUs. Input into the CE/ICA uses net benefits.
Net Average Annual SOUs are:

WOPC =0
WPC =7791.32
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6.4.2 Foreshore Dikes at Georgetown Island, Site 18

Georgetown Island (Site 18) - This site is located in the New Cumberland Pool,
approximately ORM 37.5 - 37.8. Georgetown Island has experienced severe erosion and
loss of acreage over the years. Figure 6-10 shows historical acreage of Georgetown
Island as erosion reduced the island from 17.4 acres in 1952 to 4.9 acres in 2004 (based
on information from OINWR).

Figure 6-10. Georgetown Island Acreage, 1951 to 2004

Figure 6-11 shows bank erosion of the channel side of the island. As can be seen in
Figure 6-10, erosion predominately has occurred at the upper end of the island and on the
channel side shoreline. The backchannel shoreline and downstream portion of the island
have experienced substantially fewer erosional losses. Unlike Phillis Island, Georgetown
Island has very few remaining trees to help resist erosional forces.
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Figure 6-11. Georgetown Island Shoreline (Channel Side)

Islands in the Ohio River are valuable resources as reflected by establishment of the
national refuge to protect and manage them. Islands provide riparian/floodplain habitats
that support a wide variety of wildlife species. In addition, the backchannels, as well as
upstream and downstream areas of islands, often provide clean swept gravel shoals
conducive to supporting aquatic life, especially native freshwater mussels. Along with
dam tailwaters, backchannels may provide aquatic habitats that most resemble those of
the Ohio River prior to construction of Locks and Dams. The presence of islands also
provides erosion protection to the main shoreline on the back side of the island.

In the WPC, the inner toe of the foreshore dike would be approximately four feet deep.
The dike would begin several feet upstream of the island (approximately ORM 37.5) and
would extend to just downstream of the island toe for approximately 1648 ft. The area
defined as the treatment zone (i.e., the area of direct improvement) would encompass the
area between the island shoreline and the dike, both dike slopes, and open water out to
250' from the island shore. The treatment area would also encompass the island proper
(riparian habitat). Area of the treatment zone would be 16.03 acres (10.61 aquatic and
5.42 riparian). The area of the pool between the dike and shoreline would be 4.07 acres,
and area of the stone dike would be 1.50 acres. The vegetation zone (i.e., shoreline to 3'
depth within the dike) would be 3.27 acres. Near-shore main channel velocities (24.55
cm/s [0.81 ft/s]) in the WOPC were estimated at 35% of the 5-year frequency flow of
70.15 cm/sec (2.30 ft/sec). Near-shore velocities in the WPC were estimated at 0.3
cm/sec (0.1 ft/s). No data were available to determine velocities in the backchannel.
Backchannel area is being affected by island erosion and could eventually become main

Page |72



6.0 Ecosystem Benefits

channel habitat; therefore, this area, along with the main shoreline riparian zone, is
included in the benefits analysis.

6.4.2.1 Treatment Area

Applying the above values to the HSI model for channel catfish resulted in the following
HSI scores for the treatment area:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.47 0.47 0.47 0.47 0.47
WPC 0.78 0.91 0.98 0.98 0.96
Results of the HSI model for smallmouth bass in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.58 0.69 0.69 0.69 0.68
Results of the HSI model for white crappie in the treatment area were:

Initial Year 5 Year 25 Year 50 Avg. Annual HSI
WOPC 0.00 0.00 0.00 0.00 0.00
WPC 0.80 0.92 0.99 0.99 0.96

Treatment area HSI is determined by averaging the average annual HSIs for the three
evaluation species:

WOPC = 0.157
WPC =0.867

Calculation of SOUs for aquatic habitats was accomplished by using the CELRD
procedure as follows:

WOPC Average Annual SOU=10.61 (acres) X 1.57 (SI) X 2 (SF) =33.32
WPC Average Annual SOU =10.61 X 8.67 X 4 =367.95

6.4.2.2 Intermediate Area

The WPC would be expected to provide a 20% improvement to the fish community of
the 500-acre area adjacent to the treatment area. For estimation purposes, the WOPC HSI
throughout this 500-acre area is the same as the WOPC HSI for the treatment area.
Therefore, the average annual HSI is determined by the WOPC HSI plus 20% of the
average of WPC HSIs for the three evaluation species.

Intermediate Area WOPC SOUs = 500 (acres) X 1.57 (SI) X 2 =1570.00
Intermediate Area WPC SOUs =500 X 3.30 X 2 = 5982.88
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6.4.2.3 Pool-Wide Area

The WPC would be expected to provide a 10% improvement to the fish community of
the remainder of Pennsylvania portion of the New Cumberland Pool over that of the
WOPC. For estimation purposes, the WOPC HSI throughout this 3,477-acre area is the
same as the WOPC HSI for the treatment area. Therefore, the average annual HSI is
determined by the WOPC HSI plus 10% of the average of WPC HSIs for the three
evaluation species.

Pool-Wide WOPC SOUs = 3477 (acres) X 1.57 (SI) X 2 =10917.78
Pool-Wide WPC SOUs =3477 X 2.44 X 2 =16967.76

6.4.2.4 Backchannel Area

The backchannel at Georgetown Island was approximately 1648 ft long and 250 ft wide
constituting 9.46 acres. No Specific HSI models were employed to estimate benefits in
the WOPC and WPC for this area. In both the WOPC and WPC, the quality (SI) value
was assumed to be 6.0 on the LRD scale. It was assumed in the WOPC that island
erosion rates would continue at historic levels, and backchannel habitat would be reduced
by a corresponding amount. From 1951 through 2004, the rate of island loss averaged
0.24 acres/year. At that rate, the 4.14 acres remaining in 2010 would be 2.94 acres in
2015, and 0 acres in 2025. Proportioning the backchannel acreage by the island loss rate,
there would be a 12.7% loss in 2015 (8.26 acres remaining), and 100% loss by 2025.
Over time, the area that was formerly backchannel habitat would assume characteristics
similar to main channel shoreline habitat, initially as a shallow shoal area and eventually
as channel edge/littoral zone. In the WPC, it is assumed that island acreage, and
therefore backchannel acreage would remain at the 2010 levels. Estimates of average
annual SOUs for backchannel habitat are:

Initial  Year5 Year25 Year 50  Avg.Annual SOUs
Backchannel Area WOPC SOUs = 283.40 88.20 0.00 0.00 36.24
Backchannel Area WPC SOUs = 283.80 283.80 283.80 283.80 283.80

6.4.2.5 Total Average Annual Aguatic SOUs

Total Average annual aquatic SOUs are:

WOPC = 12557.34
WPC = 23602.39

6.4.2.6 Riparian Zone

SOUs for the riparian zone were determined as follows:

Riparian Zone (including Georgetown Island and main shoreline) WOPC SOUs = 21.67
Riparian Zone (including Georgetown Island and main shoreline) WPC SOUs = 85.34
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6.4.2.7 Total SOUs for the Georgetown Island Site

Total SOUs for the Georgetown Island Site are obtained by adding aquatic and riparian
SOUs for the WOPC and for each option:

WOPC SOUs = 12579.01
WPC SOUs = 23687.73

The above values are average annual SOUs. Input into the CE/ICA uses net benefits.

Net Average Annual SOUSs:
WOPC =0
WPC =11108.72
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7.0 COSTS

Table 7-1 provides a summary of costs for each alternative and option for ecosystem
restoration in the UONS. Detailed costs for each alternative and option are in Enclosure
7.

Table 7-1. Summary Costs for Upper Ohio River Ecosystem Restoration
Alternatives

REAL TOTAL
SITE | LOCATION | DESCRIPTION Colg]'II'TEQ(I)_OO) Eég/gg)E COAIS\]'PESAOEO) ANN(%(')‘O)O&M Céng\%%léO)
5 | Davis FSD $5606.7 $0  $5606.7 $278.0 $0 $278.0
Island
10 | Ambridge | FSD $2138.3 $0  $2138.3 $106.0 $0 $106.0
11 Beaver GB $1127.8 $0  $1127.8 $55.9 $0 $55.9
13 |4-Mile FSD (OptM) | $3977.9 $0  $3977.9 $197.2 $0 $197.2
13 |4-Mile FSD (Opt S) $315.9 $0 $315.9 $15.7 $0 $15.7
14 |M Slough Opt1 $331.1 $240.0 $571.1 $28.3 $2.8 $31.1
14 |M Slough |Opt2 $1181.0 $240.0 $1.421.0 $70.4 $2.8 §73.2%
16 | Phillis FSD $2326.3 $0  $2326.3 $115.3 $0 $115.3
18 | G'town FSD $1802.3 $0  $1802.3 $89.4 $0 $89.4

*Costs for vernal pools not included.
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8.0 Cost Effectiveness/Incremental Cost Analysis

8.0 COST EFFECTIVENESS/INCREMENTAL COST
ANALYSIS

Table 8-1 and Figure 8-1 provide results of the Cost Effectiveness/Incremental Cost
Analysis performed using the HQUSACE certified version of the IWR-PLAN model. Of
the WPC alternatives, two were determined to constitute "Best Buy Plans. These were:

Montgomery Slough, Option 1
Georgetown Island Foreshore Dikes

One other WPC plan was determined to not be "Cost Effective." This was:
Fourmile Run Option S

WPC plans that were not cost effective were:
Davis Island Foreshore Dikes

Ambridge Foreshore Dikes

Beaver River Gravel Bar

Fourmile Run Foreshore Dikes, Option M
Montgomery Slough, Option 2

Phillis Island Foreshore Dikes

Montgomery Slough Option 2 did not include costs or outputs associated with vernal
pools. Cost estimates were not available for analysis, whereas benefits for vernal pools
were estimated as 111 SOUs. Further, benefits from provision of deepened, winter
habitat under this option were not determined, as habitat variables in HSI models did not
include importance of winter habitat. HSI model descriptions included discussions of
winter habitats for several species. Whereas winter habitat benefits are not included in
the CE/ICA above, costs of channel deepening are included in the analysis. Therefore,
there is a reasonable likelihood that this option would be cost effective if benefits of
winter habitat could be estimated and included in subsequent CE/ICA examinations.

Table 8-1. Results of Cost Effectiveness/Incremental Cost Analysis.*

No Action Plan Best Buy
Davis Island FSD 278 3287.77 No
Ambridge FSD 106 5416.56 No
Beaver River Gravel Bar 55.9 4296.86 No
Fourmile Run FSD Option S 15.7 3058.18 Yes
Fourmile Run FSD Option M 197.2 6409.86 No
Montgomery Slough Option 1 31.1 6732.69 Best Buy
Montgomery Slough Option 2 73.2 6732.69 No
Phyllis Island FSD 115.3 7791.32 No
Georgetown Island FSD 89.4 11108.72 Best Buy

*Costs and benefits of vernal pool measures at Montgomery Slough Option 2 not included.
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Figure 8-1. Results of Cost Effectiveness/Incremental Cost Analysis
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9.0 Cultural Resources

9.0 CULTURAL RESOURCES

The purpose of this study was to assess the cultural resource potential of the nine
potential ecosystem restoration study areas (SA) (SAs 5, 6,7, 10, 11, 13, 14, 16 and 18).
A literature review and site view were conducted to identify known submerged vessels,
recorded architectural and archaeological resources, and mapped resources that might be
affected by potential fill placement. For Study Area 14, the only study area with a
substantial terrestrial component, literature review, site view, and limited subsurface
testing was required under the SOW. Interpreted side-scan sonar images were not
available for this study. A review of these images for the nine study areas is
recommended before beginning any of these ecosystem restoration projects. Enclosure 8
provides the complete report on cultural resources investigations at each of the nine
proposed ecosystem restoration sites. The results are summarized below.

SA 6 (Sauger Spawning Habitat Enhancement) and SA 11 (Gravel Bar at Mouth of
Beaver Creek)

There was no potential for architectural structures over 50 years of age within any of the
nine APEs. There were no recorded archaeological resources or mapped historic-era
resources associated with SA 6 and SA 11, which are located entirely within the river.
No additional archaeological investigations are recommended except to review
interpreted side-scan sonar images to confirm that there are no submerged resources over
50 years of age within these study areas.

SA10 (Ambridge Foreshore Dike), SA13 (Fourmile Run Foreshore Dike), and SA18
(Georgetown Island Foreshore Dike)

There are no recorded archaeological resources or mapped historic-era resources
associated with SA 10, SA 13, and SA 18. Limited archaeological investigation of the
riverbank tie-in location (pedestrian reconnaissance and judgmentally placed STPs), and
review of interpreted side-scan sonar images, are recommended prior to any ground-
disturbing activities.

SA 5 (Davis Island Foreshore Dike)

SA 5 has a high potential to contain intact archaeological remains (on the river bottom
and along the riverbanks) associated with the former Davis Island Lock and Dam, a
NRHP-listed resource. A ground reconnaissance of the riverbank tie-in location and
review of interpreted side-scan sonar images are recommended prior to any ground-
disturbing activities.

SA 7 (Neville Island Foreshore Dike)

There was a mapped historic-era resource associated with SA 7’s eastern terminus (a ca.
1828 dam). A previous archaeological Phase IA recommended testing along the
shoreline in the vicinity of a bridge replacement; however, the area was not investigated
due to hazardous waste disposal in the area. The soil survey indicates that fill was
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deposited along the riverbank in the study area vicinity. In addition to review of
interpreted side-scan sonar images, pedestrian reconnaissance, and geomorphology
survey, limited subsurface testing (if necessary) at the tie-in location is recommended.

SA 14 (Montgomery Slough)

A previously recorded stratified Early Woodland through Late Woodland stratified
prehistoric village site (36BV9) covers most of SA 14. Limited subsurface testing
indicated that most of the site is disturbed or buried by past fill activities, but an intact
area of Site 36BV9 was identified along the north side of SA 14. It is recommended that
intact portions of Site 36BV9 (north side of study area) be avoided. If avoidance is not
feasible, then the site should be evaluated for its potential for listing to the NRHP under
Criterion D.

SAL16 (Phillis Island Foreshore Dike)

SA 16 is the location of a proposed ring dike surrounding Phillis Island. Two previously
recorded prehistoric archaeological sites were documented on the island, but erosion has
destroyed portions of these sites (and the island). It is unlikely that the submerged
proposed ring dike will impact intact archaeological deposits, but it will help protect the
intact portion of these sites on the island by halting or greatly reducing the rate of
erosion. Depending upon the tie-in location, there is a potential to impact an
archaeological site. Limited subsurface testing at the dike tie-in point and a review of
interpreted side-scan sonar images are recommended to confirm that there are no
terrestrial or submerged archaeological resources present prior to any ground-disturbing
activities.
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10.0 SUMMARY

For the Upper Ohio River Navigation Study, Ecosystem Restoration Appendix, seventeen
sites were identified as potential candidates for study of ecosytem restoration measures.
Due to budgetary constraints, this number was reduced to nine high priority sites for
further evaluation. Of these, the site at Neville Island backchannel was eliminated due to
lack of bathymetry data necessary to establish design parameters for foreshore dikes at
this location. Another site, located upstream of Neville Island, was dropped after new
bathymetry information for the site revealed considerable habitat complexity already
exists. It was determined that substrate contouring as originally envisioned would be
unlikely to produce substantial ecosystem benefits beyond those of the WOPC. The
remaining seven sites were analyzed in detail through this study effort.

Five of the sites evaluated in detail involved placement of foreshore dikes parallel to the
shoreline to improve and diversify habitat for aquatic life. One site involved placement
of boulder clusters at the mouth of Beaver River to increase complexity of habitat on the
existing gravel bar. The other site is Montgomery Slough, which provides a habitat type
very unique in the upper Ohio River. This habitat consists of a backwater, embayment
area.

Of the five foreshore dike sites, two would provide protection to islands and
backchannels that are part of the Ohio River Islands National Wildlife Refuge. These are
Phillis and Georgetown Islands in the New Cumberland Pool.

Following projection of ecosystem outputs (benefits) and determination of costs for
measures considered at each site, a Cost Effective/Incremental Cost Analysis was
conducted on the seven sites. This analysis indicated that the following are Best Buy
Plans:

Montgomery Slough, Option 1
Georgetown Island Foreshore Dikes

One other WPC plan was determined to be "Cost Effective." This was:
Fourmile Run Option S

The following WPC plans were determined to not be Cost Effective:

Davis Island Foreshore Dikes

Ambridge Foreshore Dikes

Beaver River Gravel Bar

Fourmile Run Foreshore Dikes, Option M

Montgomery Slough, Option 2 (Note considerations in Section 8.0 regarding this plan)
Phillis Island Foreshore Dikes
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1.0 INTRODUCTION

Aerostar Environmental Services, Inc. (AEROSTAR) was contracted by the United States Army
Corp of Engineers, Nashville District (USACE) to conduct an overview-level environmental
resource assessment of Site 14 Montgomery Slough (Study Site) located in Beaver County,
Pennsylvania. The Study Site is being is being reviewed as part of “The Upper Ohio Navigation
Study, Pennsylvania; Environmental Restoration Appendix”. The Study Site has been identified
as a potential wildlife habitat restoration opportunity for the USACE. The approximate Study
Site boundary is shown on Appendix A, Exhibits 1-4. This report is not an Environmental
Assessment as defined by the National Environmental Policy Act (NEPA). NEPA compliance is

addressed within an Environmental Impact Statement being prepared by USACE.

20 METHODOLOGY

The methodology used to identify potential significant resources within the Study Site for the
environmental resources assessment included: pedestrian field investigations; property owner
interviews; a review of the United States Geological Survey (USGS) topographic maps, a review
of historical and recent aerial photographs; literature reviews; Pennsylvania Fish and Boat
Commission (PFBC) Site 14 Montgomery Slough Fact Sheet; Natural Resources Conservation
(NRCS) consultation regarding Prime Farmlands (Appendix C); review of the Pennsylvania
Natural Diversity Inventory (PNDI) Environmental Review online database (Appendix D);
review of the Pennsylvania Natural Heritage Program species list (PHNP); review of the
National Wetlands Inventory (NWI) maps; review of Federal Emergency Management Agency
(FEMA) flood zone mapping, and a review of historical land use and Hazardous, Toxic, and

Residual Waste (HTRW) issues from the Phase I Environmental Site Assessment (ESA).
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The field investigation included a pedestrian reconnaissance of the Study Site with photographic
documentation (Appendix B). Field investigations were conducted by AEROSTAR field
biologists from October 7 and 8, 2009. There were no weather or access constraints associated

with the field investigation.

Terrestrial habitats were searched for species of concern along 50-foot interval transects. Creeks
were inspected along 20-foot interval transects. In addition, habitat quality on each site was
qualitatively rated based on visual observations of habitat conditions both on the site and in
surrounding areas. Quality was rated on a scale of no habitat value to high habitat value, as

follows:

e No Habitat Value = Non-vegetated areas; urban or industrial uses

e Low Quality = Dominated by non-native or invasive species; extensive disturbance via
vegetation clearing, frequent human activity, etc.; mowed areas; areas with overall small
patch size.

e Medium Quality = Natural vegetation communities that are common in the immediate
vicinity and that have minimal levels of human disturbance

e High Quality = Natural vegetation communities that are uncommon in the immediate
vicinity and are not heavily disturbed; mature forest; forest areas greater than 100 acres in

total size; wetlands and riparian habitats.

Wildlife observations were limited to the field visits conducted at these times during fall of 2009

and represent incidental observations.
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3.0 LOCATION

The Study Site covers approximately 102 acres and is located approximately 250 feet south of
the intersection of Barclay Hill Road and State Highway 68 (Appendix A, Exhibits 1 and 2;
Photographs 1 and 2). The Study Site is bordered to the north by State Highway 68 and a
railroad right-of-way, to the east and south by the Ohio River and to the west by the Montgomery
Lock and Dam. The Study Site is centered at 40° 39’ 18.4” latitude North and 80° 22* 22.8”

longitude West.

The Study Site is located within the Western Allegheny Plateau ecoregion and is described as
hilly and wooded terrain of the Western Allegheny Plateau not muted by glaciations and is more
rugged than the agricultural till plains of ecoregions to the north and west, but is less rugged and
not as forested as ecoregions to the east and south. Extensive mixed mesophytic forests and
mixed oak forests originally grew in the Western Allegheny Plateau and, today, most of its
rounded hills remain in forest; dairy, livestock, and general farms as well as residential
developments are concentrated in the valleys. Horizontally-bedded, sedimentary rock underlying
the region has been mined for bituminous coal (Level III Ecoregions of Pennsylvania, National

Health and Environmental Effects Research Laboratory).

3.1 Historical Site Use
Based on the review of historical records and interviews listed in the ESA conducted for the

Study Site by AEROSTAR, the site appears to have been undeveloped land in 1904; wooded,
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cleared and grassy land from at least 1939 to at least 1967; wooded and cleared land with dredge

spoil disposal areas from at least 1975 to at least 1995; and, wooded land since at least 2006.

Additional historical and environmental information pertaining to the Study Site can be found in

Site 14 Montgomery Slough ESA prepared by AEROSTAR for the USACE Nashville District.

40 TOPOGRAPHY

The topography of the Study Site can be described as gently sloping from approximately 700 to
715 feet above sea level. A USGS topographic map of Beaver and Midland quadrangles, dated
1979 is included in Appendix A, Exhibit 4. However, during the site visit portions of the Study

Site did not match those mapped in the USGS topographical maps.

The Study Site is located within the FEMA Flood Insurance Rate Map Zone A15 (Appendix A,
Exhibit 5). Zone 15 is defined as “an area inundated by 100-year flooding, for which no base

flood elevation has been established”.

A review of the NWI Map was conducted for the Study Site which identified an area described
to be R2ZUBH (Riverine Lower Perenial-Unconsolidated Bottom- Permanently Flooded) located
within the Study Site. A map showing the location of this feature in relation to the Study Site is

included in Appendix A, Exhibit 6.
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5.0 SOILS

The soils identified within the Study Site are described in Table 1 (Appendix A, Exhibit 7).

Table 1. Soils Summary of the Study Site, Beaver County, PA

Soil Name Map Symbol Soil Description

The series consists of very deep, well drained

Allegh ilt 1 3t08 t . .
eghetty st "oamn, 2 b © pereen AgB* soils on terraces, footslopes, and alluvial fanes

slopes formed in old alluvial material.

This series consists of deep, well drained soils
CoB* formed in sandy and gravelly sediments on
percent slopes outwash plains terraces and kames. This series is
used as cropland, pasturelands, and woodlands.

Conotton gravelly loam, 3 to 8

This series consists of deep or very deep,
Philo silt loam PH* moderately well drained soils on floodplains
formed in recent alluvial material.

This series consists of deep, well drained soils on

1 *
Pope silt loam PO floodplains formed in acid alluvial material.

The Weikert series consists of shallow, somewhat
excessively drained soils on uplands formed in
material weathered from shale, siltstone, and
sandstone.

WeF The Rock outcrop consists of exposures of bare,
hard bedrock and rock-lined pits. They consist
mainly of unweathered metamorphic rock or

Weikert-Rock outcrop complex, 25
to 80 percent slopes

sedimentary rock such as consolidated limestone,
sandstone, and conglomerate.

Source: NRCS Electronic Field Office Technical Guide (eFOTG), Beaver County, Pennsylvania
* This soils type is considered Prime Farmland Soils according to the NRCS.

51  Prime Farmland Soils
A Prime Farmlands Consultation was conducted through the NRCS to determine the relative

value of Prime Farmland Soils at the Subject Site. Approximately 71 acres of the approximate
102-acres Study Site were identified as Prime Farmland Soils. The total site assessment value of
the prime farmlands identified on-site was 260 points. The Prime Farmland Determination is

located in Appendix C.
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Although the majority of the Study Site is listed as containing Prime Farmland soils,
approximately 53% (38.02 acres) of the 71-acre Prime Farmland area was utilized previously for
dredge spoil material disposal and soils no longer exist as mapped in the NRCS Soil Survey of

Beaver County, Pennsylvania.

6.0 THREATENED AND ENDANGERED SPECIES

No Federal or State listed threatened and endangered species were observed during the field
review. Critical habitats were not identified within the Study Site by AEROSTAR biologists
during the field review. Consultation regarding the potential presence of threatened or
endangered species within the Study Site was conducted via the PNDI Environmental Review
online database. This online database review tool identifies potential impacts for both federal
(United States Fish and Wildlife Service (USFWS)) and state agencies (Pennsylvania Game
Commission (PGC), Fish and Boat Commission (PFBC) and Department of Conservation and
Natural Resources (PADCNR)) within the Study Site. Two state-listed species under the
jurisdiction of the PFBC were identified as potentially occurring within the Study Site
(Appendix D). These species include one state-listed threatened species Skipjack herring (Alosa
chryochloris) and one state-listed endangered species the Black bullhead (Ameriurus melas).
Three state-listed Special Concern Species were also identified as potentially occurring within
the Study Site: Fragile papershell (Leptodea fragilis), Pink heelsplitter (Potamilus alatus) and
Mapleleaf (Quadrula quadrula). The PFBC recommends a Voluntary Conservation Measure be
implemented at the Study Site by establishing a 100- to 300-foot wide vegetative buffer adjacent
to each side of the waterway. This buffer will serve to minimize sedimentation from entering the

waterbody and reduce potential to impact aquatic species of concern. Siltation and turbidity can
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decrease water quality, and in turn disrupt and impair the life cycle of aquatic species. No
federally-listed species were identified during the PNDI review for the Study Site. However, the
USFWS also recommended a Voluntary Conservation Measure be implemented that establishes
a 100- to 300-foot wide vegetative buffer adjacent to the waterbody. A list of federal- and state-

listed species that may potentially occur at the Study Site are included in Table 2.

Table 2. State- and Federal- Listed Threatened, Endangered and Special Concern Species

Species Description Status
Black Bullhead Black to dusky gray barbells. Notched edge of caudal SE
(Ameiurus melas) fin. Occurs in the Ohio watershed.
Fragile papershell Oval or oblong mussel, compressed laterally, up to 6 SC
(Leptodea fragilis) inches in length. Range includes Ohio River.
Mapleleaf Quadrate mussel, somewhat inflated, up to 6 inches in SC
(Quadrula quadrula) length. Range includes Ohio River.
. . Somewhat rectangular mussel, compressed laterally,
(ppé,rtﬂa(;:ﬁf,fg llg:zg) up to 8 inches in length. Range includes the Ohio SC
River.
Blue-green coloration on back ends abruptly, not
Skipjack Herring gradually like a hickory shad and other herring. ST
(Alosa chrysochloris) Conspicuous teeth on jaws. Occurs only in the Ohio
watershed in Western Pennsylvania.

FE=Federal-listed Endangered, SE=State-listed Endangered, ST=State-listed Threatened, SC Species of Special Concern
Source: Pennsylvania’s Threatened and Endangered Fishes, Pennsylvania Fish and Boat Commission

The PNDI response also included the USFWS recommendation that a 100-foot to 300-foot
buffer be retained from the river as a conservation measure. The 100 to 300-ft buffer zones
recommended along the river are to stabilize the bank and filter pollutants. Siltation and
turbidity can decrease water quality, and in turn disrupt the life cycle of aquatic species,
including protected mussels and fish that might be in the area. Additional coordination with the
USFWS is in progress concerning potential concerns pertaining to threatened and endangered
species. A copy of the PNDI Project Environmental Review Receipt along with a complete list
of Pennsylvania’s listed Federal and State threatened and endangered species is included in

Appendix D.
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7.0 HABITATS

On October 7 and 8, 2009 AEROSTAR biologists conducted a biological investigation of the
Study Site. Biologists conducted a pedestrian reconnaissance of the Study Site to document
present site conditions and identify wildlife habitat types and vegetation communities established
at the site. A Trimble Geo XT GPS unit was utilized during the reconnaissance to map habitat
boundaries within the site. The environmental field review identified a total of seven habitat
types existing at the Study Site. These include: bottomland hardwood forest area, disturbed area,
palustrine emergent wetland area, open water area, upland shrub and herbaceous area, a riparian
area, and a stream area (Appendix A, Exhibit 8). A summary of habitat acreages and percent

vegetative cover is included in Table 3.

Table 3. Habitats and Vegetation Coverage Identified Within the Study Site.

Percentage of Vegetative Cover
Habitat Vo Ground .
Acreage Cover Sapling/Shrub Canopy
Bottomland Hardwood Forest Area 23.84 75% 40% 90%
Disturbed Area 38.02 85% 50% 50%
Palustrine Emergent Wetland Area 1.31 95% 20% 10%
Open Water Area 22.26 0% 0% 0%
Upland Shrub and Herbaceous Area 2.32 95% 25% 10%
Riparian Area 14.82 90% 65% 65%
Stream Area 0.03 0% 0% 0%

7.1  Habitat Descriptions

Bottomland Hardwood Forest

A bottomland hardwood forest area, covering approximately 23.84 acres was identified within
the Study Site (Appendix A, Exhibit 8; Appendix B, Photographs 3 and 4). The dominant
species observed within the forest included silver maples (Acer saccharium), green ash

(Fraxinus pennslyvanica), sycamore (Platanus occidentalis), red mulberry (Morus rubra), silky
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dogwood (Cornus amomum), common blackberry (Rubus allegheniensis), and New York

ironweed (Vernonia noveboracensis).

Mature silver maples, sycamores, and green ash, were observed throughout the bottomland
hardwood forest area. Thick stands of common blackberry, flowering dogwood (Cornus
florida), and red mulberry inhabited the area along the northern shoreline of the embayment.
New York ironweed dominated the herbaceous layer within the bottom land hardwood forest
area. Soils within the bottomland hardwood forest area were identified as Prime Farmland Soils

by the NRCS mapping of the site (Appendix A, Exhibit 7).

The bottomland hardwood forest area was determined to provide High Quality habitat due to the

stands of mature hardwoods and readily available forage areas for wildlife.

Disturbed Area

A previously disturbed area covering approximately 38.02 acres was identified within the Study
Site (Appendix A, Exhibit 8; Appendix B, Photographs 3 and 4). This area was altered
during a previous dredge disposal operation that resulted in the placement of a large quantity of
fill material in this area. ~ According to the NRCS Soil Survey data, the disturbed area is located
on soils that were considered Prime Farmland prior to the placement of dredge spoil materials
(Appendix A, Exhibit 7). Placement of this fill material significantly impacted the native
vegetation community and altered the natural drainage patterns within this portion of the Study
Site. The dominant vegetation species observed within the disturbed area includes silver maple,

green ash, cottonwood (Populus deltoids), black willow (Salix nigra), Japanese knotweed
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(Polygonum cuspidatum), Tree-of-Heaven (Ailanthus altissima), smooth sumac (Rhus glabra),

New York ironweed, goldenrod (Solidago sp.), and rush (Juncus sp.).

The disturbed area habitat ranged from early succession forest along its eastern portion, an open
field with scattered cottonwood and green ash saplings within the central portion, and an
immature bottomland forest along the western portion. The disturbed area had an undulating
topography with numerous hills and valleys throughout. The eastern portion contains man-made
earthen hills/levees with vegetation consisting of cottonwood, Japanese knotweed, and
goldenrod. The vegetation within the central portion of the disturbed area consists of open field
with scattered cottonwood, green ash, goldenrod, and Japanese knotweed in the upland areas
while black willow and rushes dominating the lower areas. The western portion contains many
man-made earthen hills/levees covered by large stands of silver maple and green ash with a thick

understory of Japanese knotweed and New York ironweed.

The disturbed area was determined to provide Low Quality Habitat due to the prevalence of
Japanese knotweed and Tree-of-Heaven, both identified by the PADCNR as invasive species.
The previous use of the site for dredge spoil disposal also lowered the habitat value of the site. It
may also be noted that the dredge spoil may or may not contain contaminants that would also

affect the quality of habitat, even if the vegetation were more typical and mature.

Palustrine Emergent Wetland Area

A palustrine emergent wetland area approximately 1.31 acres in size was identified during field

reconnaissance of the Study Site (Appendix A, Exhibit 8; Appendix B, Photographs 5 and 6).
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This wetland is located along the eastern edge of the open water area of the Study Site (discussed
later in this document). At the time of the field review, this wetland contained areas of standing
water, receiving its hydrology from a stream flowing on to the site from the north. The dominant
species identified within the wetland include broadleaf cattails (Typha latifolia), black willow,
cottonwood, rush, silky dogwood, duck potato (Sagittaria latifolia), panic grass (Panicum sp.),
and goldenrod. Soils within the herbaceous wetland area were identified as Prime Farmland

soils according to NRCS soils mapping available for the area (Appendix A, Exhibit 7).

The palustrine emergent wetland area was determined to provide Medium Quality habitat for
many species that inhabit the area. Wetlands may also provide water filtration functions

beneficial to the ecosystem.

Open Water Area

Open water habitat was identified within the embayment covering approximately 22.26 acres of
the Study Site (Appendix A, Exhibit 8; Appendix B, Photographs 7 and 8). In a survey
conducted by the USACE and PFBC on August 5, 2009 the embayment was observed to have
standing water to a depth of approximately three feet. The bottom substrate was observed to
consist of soft sediment approximately two feet or more in depth and contained large amounts of
organic materials. The edge (shoreline) of the embayment contained emergent vegetation

including cattails, purple loosestrife (Lythrum salicaria) and duck potato.

Based on the information included in USACE’s Site 14 Montgomery Slough — Fact Sheet and

observations made during the site visit, the open water habitat appears to provide High Quality
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habitat for numerous species of wildlife aquatic species, waterfowl, reptiles, amphibians, and

mammals.

Upland Shrub and Herbaceous Area

An upland shrub and herbaceous area approximately 2.32 acres in size was identified within the
Study Site (Appendix A, Exhibit 8; Appendix B, Photographs 9 and 10). The dominant
species observed within the upland shrub and herbaceous area includes Tree-of-Heaven,
common teasel (Dipacus sylvestris), flowering dogwood, goldenrod, curly dock (Rumex crispus),
panic grass, green ash, black willow, and Queen Anne’s lace (Daucus carota). Soils within the
upland area are not considered Prime Farmland soils according to NRCS soils mapping available

for the area (Appendix A, Exhibit 7).

The upland shrub and herbaceous area contained many species indicative of previously disturbed
areas with sloping topography. Tree-of-Heaven, common teasel, panic grass, green ash, and
flowering dogwood dominated the areas of higher topography, while curly dock, black willow,

and goldenrod dominated the lower areas.

The upland shrub and herbaceous area was determined to provide Low Quality habitat due to the

abundance of Tree-of-Heaven, a species identified by PA DCNR as an invasive species.

Riparian
The riparian area covers approximately 14.82 acres and occupies a narrow strip of land between
the water edge of the embayment and the railroad right-of-way (Appendix A, Exhibit 8;

Appendix B, Photographs 11 and 12). The dominant species identified within the riparian
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corridor includes silver maple, sycamore, green ash, red mulberry, black cherry (Prunus
serotina), black willow, common buckthorn (Rhamnus cathartica), multiflora rose (Rosa
multiflora), common blackberry (Rubus allegheniensis), spikerush (Eleocharis obtusa), rush,

cattail, frost grape (Vitis riparia), and American pokeweed (Phytolacca americana).

Vegetation within the riparian area consisted of species more tolerant to moist soil conditions
near the embayment shore and upland species in areas of higher elevation. Vegetation observed
near the embayment shoreline included spikerush, black willow, rush, multiflora rose, cattail,
American pokeweed and red mulberry. The riparian habitat transitioned to a facultative plant
regime that included silver maple, sycamore, common buckthorn, green ash, red mulberry, frost

grape, and black cherry as the land elevation increased near the railroad right-of-way.

The riparian habitat was determined to provide Medium Quality habitat for wildlife. Many of the
species identified within the riparian area provide cover and foraging habitat for wildlife.
Invasive species occurring within the riparian habitat, as classified by PADCNR include

multiflora rose and common buckthorn.

Stream Area

Three shallow streams with soil substrates were identified totaling approximately 0.03 acres
within the Study Site (Appendix A, Exhibit 8; Appendix B, Photographs 13 and 15). The
streams contained standing water at the time of the site visits. The streams enter the Study Site

from the north through culverts under the railroad right-of-way and flow into the herbaceous
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wetland. The dominant species identified along the stream banks included black willow, cattail,

silky dogwood, rush, and panic grass.

The streams within the Study Site were determined to provide Medium Quality habitat as the
natural water flow was altered by past installation of culverts to the north. However, these
streams were providing hydrology to the emergent and open water wetlands in a limited

capacity.

8.0  INVASIVE SPECIES

Numerous invasive species were identified within the Study Site. These species included:
Japanese knotweed, multiflora rose, Tree-of-Heaven, purple loosestrife and common buckthorn.
These species are identified by PADCNR as invasive species in Pennsylvania. The highest
concentration of invasive species was observed within the disturbed area, and included large
stands of Japanese knotweed, and groves of Tree-of-Heaven. Multiflora rose, Tree-of-Heaven,
Japanese knotweed and common buckthorn were observed along the edge of the riparian habitat
near the railroad right-of~-way. The upland shrub and herbaceous habitat contained Japanese
knotweed, and Tree-of-Heaven. The remainder of the habitats appeared to have minimal if any

invasive species present.

9.0 WILDLIFE
During the site visits numerous species and signs of wildlife were observed. Many migratory
birds were identified at the Study Site. The species observed included sparrows, warblers,

grackles, herons, woodpeckers, ducks, geese and turtles. A common snapping turtle (Chelydra

Final - Montgomery Slough Environmental Assessment April 1, 2010

L ________________________________________________________________________________________________________________________________________________________]
Page 14 Upper Ohio Navigation Study, ER Appendix, Beaver County, Pennsylvania



serpentine) was observed resting within the emergent wetland habitat (Appendix B, Photograph
15). Also, white-tail deer (Odocoileus virginianus) tracks and bedding arcas were observed
throughout the Study Site (Appendix B, Photograph 16). Wood ducks (Aix sponsa) and
Canada geese (Branta canadensis) were observed in the Open Water habitat within the
embayment at the Study Site. Sparrows, warblers, grackles, and other passerines were observed

throughout the Study Site.

10.0 WILD AND SCENIC RIVERS
The Ohio River is not a component of the National Wild and Scenic Rivers System or the

Pennsylvania Scenic Rivers System (http://www.dcnr.state.pa.us/bre/rivers/scenicrivers/

locationmap.aspx).

11.0 CONCLUSION
The environmental resource assessment revealed that the Study Site offers the potential for use
as a wildlife habitat restoration opportunity for the USACE. The Study Site contains Low,

Medium and High Quality habitat present within the approximate 102-acre parcel.

The bottomland hardwood forest area covers approximately 23% of the Study Site and provides
mature hardwood forest habitat for both resident and migratory wildlife species. Dominant
vegetation species include native species with minimal areas of invasive noted during the field
review. The bottomland hardwood forest area provides High Quality habitat for wildlife in its

present condition.
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The disturbed area covers approximately 37% of the Study Site and currently provides a mix of
early succession forest, open field and immature bottomland forest. The disturbed area was
considered Prime Farmland prior to operation of the dredge spoil disposal activity. This activity
resulted in the placement of fill material, which significantly altered the natural drainage
patterns, elevation and vegetation species present in this area. As result of this activity, this area
provides Low Quality habitat to wildlife due to the disturbed conditions and a dominance of
invasive plant species present. The disturbed area provides potential for wildlife habitat

restoration and enhancement activities.

The palustrine emergent wetland area covers less than 1% of the Study Site but provides habitat
for aquatic and terrestrial species immediately adjacent to the open water embayment. This area

provides Medium Quality habitat to wildlife in its present condition.

The open water area covers approximately 22% of the Study Site and provides Medium Quality
habitat to wildlife in its present condition. Herbaceous vegetation was present along the

shoreline and included purple loosestrife, which is considered a noxious weed in PA.

The upland shrub and herbaceous area covers approximately 2% of the Study Site and provides
Low Quality habitat to wildlife in its present condition. Invasive and opportunistic species

dominate this area.
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The riparian area covers approximately 14% of the Study Site and provides Medium Quality
habitat to wildlife in the present condition. This area occupies a narrow strip of land between the

northern shoreline of the embayment and the railroad right-of-way.
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1) View of the eastern portion of the Study Site from the Ohio River looking
northwest (October 5, 2009).

2) View of the western portion of the Study Site looking north (October 5, 2009).



3) View of the bottomland hardwood forest looking west (October 7, 2009).

4) Alternate view of the bottomland hardwood forest looking southeast
(October 7, 2009).



5) View of the eastern portion of the disturbed area looking southeast
(October 7, 2009).

6) View of the central/open field portion of the disturbed area looking southeast
(October 7, 2009).



7) View of the western portion of the disturbed area looking south
(October 7, 2009).

8) View of the herbaceous wetland looking southwest (October 7, 2009).



9) View of the open water habitat looking southeast (October 7, 2009).

10) View of the upland habitat looking east (October 7, 2009).



11) Alternate view of the upland habitat looking northeast (October 7, 2009).

12) View of the riparian habitat looking south (October 7, 2009).



13) Alternate view of the riparian habitat near the north shore of the
embayment looking southeast (October 7, 2009).

14) View of the stream habitat looking south (October 7, 2009).




15) View of a common snapping turtle (October 7, 2009).

16) View of whitetail deer tracks (September 7, 2009).
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Northeast Region Endangered Species Page [ of 2
Northeast Region
Home
Federally Listed Endangered and Threatened Species
Endangerad Species Pennsylvania
Act A Species Profile for each of these species can be found on our national website

Species Listing

E = Endangered
T = Threatened
C = Candidate

Common Name Scientific Name  Status Distribution

5 Year Reviews

INSECTS:

Contacts None

Ecological Services BIRDS:

Home Piping plover Charadrius E
melodus

MAMMALS:

Bat, Indiana Myolis sodalis E

REPTILES:

Bog turtle Clemmys T
{Glyptemys)
muhlenbergii

Eastern Sistrurus catenatus C

massasauga calenatus

rattlesnake

MOLLUSKS:

Mussel, clubshell Pleurobema clava E

Dwarf Alasmidonta E

wedgemussel heterodon

Mussel, northern Epioblasma E

riffleshell torulosa rangiana

Designated critical habitat on Presque Isle (Erie Co.). Migratory. No
nesting in PA since 1950s, but recent colonization attempts at
Presque |sle

Hibernacula: Armstrong, Beaver, Blair, Centre, Fayette, Huntingdon,
Lawrence, Luzeme, Mifflin and Somerset Co. Maternity sites: Adams,
Bedford, Berks, Blair, Greene, and York Counties. Potential winter
habitat state-wide in caves or abandoned mines. Potential summer
habitat state-wide in forests or woaded areas.

Adams, Berks, Bucks, Carbon, Chester, Cumberland, Delaware,
Lancaster, Lebanon, Lehigh, Monroe, Montgomery, Northamptan,
Schuylkill and York Co.

Historically found in Crawford, Mercer and Philadelphia Co.

Butler, Crawford, Mercer and Venango Co.
Historically found in Alfegheny and Lawrence Co.

Franch Creek and Allegheny River (and some tributaries) in
Armstrong, Clarion, Crawford, Erie, Forest, Mercer, Venango, and
Warren Co.; Shenango River (Mercer and Crawford Co.}

Has not been found recently in 13 streams of historical occurrence in
Butter, Beaver, Fayette, Greane, Indiana, Lawrence, and
Westmoreland Co.

Delaware River (Pike and Wayne Co.}

Has not bean found recantly in streams of historical occurrence in the
Delaware River watershed (Bucks, Carbon, Chesler, Philadelphia
Co.) or Susquehanna River watershed (Lancaster Co.)

French Creek and Allegheny River {and some tributaries) in
Armstrong, Clarion, Crawford, Erie, Forest, Mercer, Venanga, and
Warren Co.

Has nof been found recently in streams of historical occurrence,
including: Shenango River (Lawrence Co.), Conewango Creek
{(Warren Ca.)

http://www.fws.gov/northeast/endangered/species_listing pa.html 11/13/2009



Northeast Region Endangered Species

Rayed bean Viliosa fabalis

Sheepnose Plethobasus
cyphyus

FISH:

Shortnose Acipenser

sturgecm‘l bravirostrum

Atlantic sturgeon! Acipenser

oxyrinchus
oxyrinchus
PLANTS:
Northeastern Scirpus
bulrush ancistrochaefus

Small whorled Isotria Medeoloides
pogonia

Page 2 of 2

French Creek and Allegheny River {Armstrong, Claricn, Crawford,
Erie, Forest, Mercer, Venango, Warren Co.); Cussewago Creek
{Crawford Co.}

Has not been found recently in 5 streams of historical occurrence in
Armstrong, Lawrence, Mercer and Warren Co,

Allegheny River (Forest and Venange Co.)
Has not been found recently in sireams of historical occurrence,
including: Allegheny River (Armstrong Co.), Beaver River (Lawrance

Co.}), Ohio River (Allegheny and Beaver Co.), and Monongahela
River {Washingfon Co.)

Delaware River and other Atlantic coastal waters

Delaware River and cther Attantic coastal waters

Adams, Bedford, Blair, Cambria, Carbon, Centre, Clinton, Cotumbia,
Cumberland, Dauphin, Franklin, Fulton, Huntingdon, Lackawanna,
Lehigh, Lycoming, Mifflin, Monroe, Perry, Snyder, Tioga, and Union
Co.

Historically found in Northampton Co.

Centre, Chester and Venange Co.

Historically found in Berks, Greene, Monroe, Monigomery and
Philadelphia Co.

1 Atlantic sturgeon and Shortnose sturgeon are under the jurisdiction of the National Marine Figheries Service

Last updated: Cctober 23, 2009

http://www.fws.gov/northeast/endangered/species_listing pa.html 11/13/2009



Wild Resource Conservation Program

Endangere A3
Species in I

INVERTEBRATES

Bog Copper

Brook Floater

Creek Heelsplitter
Cylindrical Papershell
Dion Skipper
Eastern Floater
Eastern Lampmussel
Elfin Skimmer
Elktoe

Giant Swallowtail
Green Floater
Juniper Hairstreak
Mottled Damer
Mustached Clubtail
Northern Rifflesheli
Rainbow Mussel
Regal Fritillary
Roger’s Clubtail
Sky-tailed Emerald
Triangle Floater
Yellow Lampmussel

BIRDS & MAMMALS
American Bittern

Bald Eagle

Barn Owl

Blackpoll Warbler

Black Tern

Delmarva Fox Squirrel

PA STATE AGENCIES

Edward G. Rendell, Governor

species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
species of concern
endangered

species of concern
endangered

species of concern
species of concern
species of concern
species of concern

endangered
threatened
candidate-rare
endangered
endangered
endangered

http://www.dcnr.state.pa.us/wrep/pubindex.aspx

ONLINE SERVICES

John Quigley, Acting Secretary

Threatened
sylvania

Page 1 of 5
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Wild Resource Conservation Program

Dickeissel
Allegheny Woodrat
Great Egret

Indiana Bat

King Rail

Least Bittern

Least Shrew
Loggerhead Shrike
Osprey

Peregrine Falcon
Pied-billed grebe
Northern Goshawk
Northern Harrier
Northern Myotis
Northern Water Shrew
Sedge Wren

Small-Footed Myotis
Swaingons Thrush

Upland Sandpiper

Yellow-Bellied Flycatcher
Yellow-Crowned Night Heron

FISH, REPTILES
& AMPHIBIANS
Alewife

Atlantic Sturgeon
Banded Sunfish
Black Banded Sunfish
Bluebreast Darter
Bog Turtle

Bowfin

Bridle Shiner

Brook Stickleback
Burbot

Channel Darter
Checkered Sculpin
Coastal Plain Leopard Frog
Eastern Massasauga
Eastern Mudminnow
Eastern Mud Salamander
Eastern Sand Darter
Gilt Darter

Gravel Chub

Green Salamander

Hornyhead Chub

endangered
threatened
endangered
endangered
endangered
endangered
endangered
endangered
threatened
endangered
candidate-rare
candidate-rare
candidate at risk
candidate-rare
candidate-rare
endangered
endangered
threatened
candidate-rare
threatened
threatened
endangered
endangered

species of concern
endangered
endangered
extirpated
threatened
endangered
species of concern
endangered
species of concern
endangered
threatened

species of concern
endangered
endangered
species of concern
endangered
endangered
threatened
endangered
threatened

species of concern

http://www.dcnr.state. pa.us/wrep/pubindex.aspx
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Wild Resource Conservation Program

Kirtland's Snake

Lake Sturgeon

Least Brook Lampery
Longear Sunfish
Longhead Darter

Longnose Sucker
Mountain Brook Lamprey

Mountain Madtom

Mud Sunfish

New Jersey Chorus Frog
Northemn Brook Lamprey
Northern Madtom

Notthern Redbelly Dace
Ohio Lamprey

Pirate Perch
Red-Bellied Turtle
Rough Green Snake
Shortnose Stugeon
Southern Redbelly Dace
Spotted Darter

Swamp Darter

Tadpole Madtom

Threespine Stickleback
Timber Rattlesnake

Tippecanoe Darter

PLANTS

Appalachian beardlongue
Appalachian blue violet
Blackseed Needlegiass;,
Black oatgrass

Box Huckleberry

Brown Sedge

Bog sedge

Buttonbush dodder

Canada buffaloberry
Canby's Mountain-Lover
Cattail sedge

Carcy’s Sedge
Collin’s sedge
Common Juniper
Common shooting star
Creeping snowberry
Downy ettuce
Dwarf spiraea

Eared False-Foxglove

Ebony sedge

endangered
endangered
species of concern
endangered
threatened
endangered
threatened
endangered
extirpated
endangered
endangered
endangered
extirpated
candidate
extirpated
threatened
endangered
endangered
threatened
threatened
extirpated
endangered
endangered
species of concern
threatened

species of concern
threatened

species of concern

threatened

species of concern
threatened

species of concern
endangered
endangered
endangered
species of concern
endangered
species of concern
endangered
pennsylvania rare
species of concern
threatened
endangered
endangered

http://www.dcnr.state.pa.us/wrep/pubindex.aspx
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Wild Resource Conservation Program

Ellisia; Waterpod
Fall Dropseed Muhly Grass

False Gromnwell
False Hop Sedge
Fraser’s sedge
Glade Spurge
Goldenclub
Golden Corydalis

Great-spurred violet;
Sellirk’s violet

Grooved Yellow Flax
Harbinger-of-spring
Hard-stemmed Bulrush
Hispid Gromwell

Hoary puccoon
Horned bladderwort

Jeweled Shooting-Star

Labrador tea
Large-Flowered Marshallia
Leaf-Cup

Long-beaked scdge
Maryland Hawkweed

Mitchell’s sedge
Mountain bellwort

Mountain bugbane
Mountain starwort
Netted chain fern
Northeastern Bulrush
Oblique Milkvine
Pineland Pimpernel
Purple Bedstraw
Purple fringless orchid
Puttyroot

Queen of the praire

River oats
Rock skullcap
Roundleaf serviceberry

Serpentine Aster

Shale-Barren Evening Primrose

Shellbark hickory

Short hair Sedge

Short’s Sedge
Shortleaf Pine

Showy Lady's Slipper
Shumard’s Oak

species of concern
endangered
species of concern
species of concern
endangered
endangered
pennsylvania rare
species of concern

species of concern

species of concern
threatened

species of concern
endangered
species of concern
species of concem
endangered
threatened
pennsylvania rare
endangered
species of concern
species of concern
endangered
species of concern
endangered
species of concern
threatened

species of concern
species of concern
endangered
species of concern
species of concern
species of concern
species of concern
pennsylvania rare
species of concern
species of concern
species of concern
species of concern
threatened
threatened

species of concern
species of concern
species of concern
species of concern
threatened

species of concern
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Wild Resource Conservation Program

Sida; Virgina Mallow
Small Whorled Pogonia
Snow trillium

Spotted Pondweed
Spreading Globeflower
Swamp currant

Swamp Pink

Tall Grama

Tall Larkspur
Tennessee goldenrod
Thick-leafed meadowrue

Variable Sedge

White fringed-orchid
White Monkshood
White-trout Lily

White twisted-stalk
Wild pea

Wild Senna
Yellow-water Crowfoot

Yellow leat-cu
Yellow passionflower

DCNR Home | Contact DCNR | Privacy Policy | Security Policy | PA Home

species of concern
endangered
pennsylvania rare
species of concern
endangered
species of concemn
endangered
species of concern
endangered
pennsylvania rare
endangered
endangered
species of concern
endangered
species of concern
endangered
threatened

species of concern
species of concern
species of concern
endangered
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Fact Sheet - Site 14 Montgomery Slough

Background. This site was identified through coordination with local agencies since it provides
uncommon backwater embayment habitat within these three navigation pools. It has been
considered for incorporation into the Ohio Istand National Wildlife Refuge (NWR) and is within
the expanded authorized boundary for the updated {under review) land management plan for
the NWR. The site is under ownership by one landowner (private) who is receptive to inclusion
of the site into an Ecosystem Restoration area. This individual's family has owned the property
for several decades and he is knowledgeable on land use history.

The site consists of both an x acre shallow embayment with depths of four feet or less and the
upstream floodplain strip between the highway and river. The latter has been used as a
dredged disposal containment area in the past (about 1975-2004). The narrow (x feet) mouth
of the embayment joins the Ohio River on the right bank immediately above Montgomery Dam
within the restricted zone. This limits boat access to the embayment with access to be
coordinated with the L&D lockmaster and only allowed under certain flow conditions. This
would be a safety consideration if public boat access is improved via the land.

Aquatic Resources. The embayment was visited by boat on August 5, 2009 by Pa Fish and

Boat, Three Rivers Biological Station and the Corps. Water depths were generally 3feet at mid-
channel. Bottom substrate was probed and it confirmed a soft sediment accumulation of two
feet or more. The material was dark compared to river depositions indicating a large amount of
organic material. The fringe of the embayment was lined with emergent plants. For the most
part the plants were native with some scattered purple loosestrife observed. The upper end of
the embayment is now an emergent marsh that has developed in former shallow water. The
open water area was predominantly open mudfiats with soft deposition and little cover or large
woody debris.

Terrestrial Resources. The embayment is separated from the river by a narrow peninsula of
land that contains a bottomland hardwood forest of native species such as sycamore, silver
maple, and river birch {check field notes). This area exhibits native vegetation with little
improvement needed with the exception of limited removal of exotics such as multi-flora rose.
The northern side of the embayment consists of a narrow strip of land between the water and
railroad. Land slopes steeply up to the railroad bed. This side is vegetated but not as high
quality or dense as the river side.

The eastern portion of the land contained the former dredge disposal area that is apparent by
the steep rise in land of about 15-25 feet. This area operated until the early 2000s and was
used as a deposition site for maintenance dredging at various commercial river fleeting areas
on the Montgomery Pool. It was developed in cells that were ringed by large stone or concrete



debris with dredged material deposited inside the cells. The site is very apparent from the
river as the floodplain changes from a low bottomland forest to a steep biuff within the former
disposal site then back to low bottomland forest again at the lower peninsula. Kingfisher nests
were observed in the higher filled banks. Vegetation on the former disposal facility was
primarily opportunistic species and exotics. Only a [imited portion of the disposal site was
accessed and it contained clusters of Japanese knotweed and thick herbaceous cover, Trees
were more succession species such as sumac {tree of heaven). Presumed older cells closer to
the embayment contained greater cover of trees. The northern edge of the property is a
corridor of land that was the route of the former highway. This road section was realignment
to tie into the recent elevated bridge that crosses the railroad and leads further down river.
According to the landowner, after completion of the new bridge the former road section was a
used for disposal of concrete debris and buried with soil and vegetated with crown vetch.
Ownership of this former road corridor is unknown, maybe the PA Transportation Department?

The area appears utilized by birds and mammals. Deer paths were observed in the area. Birds
such as great blue herons, kingfisher, and wood ducks were observed during the site visits.
Wood duck boxes were installed in the embayment by unknown parties.

Land History. The site is owned by General Materials Terminals, point of contact Richard (Dick)
Marcus; email dick@generalmaterialsterminals.com; cell phone {724) 624-0146; work (724)
869-2177. Mr. Marcus's father originally purchased the site and their firm developed the
dredged material disposal site in the mid-1970’s. A roadside historical placard notes the
presence of a Native American cultural resources site (BV09) that appears to have been

documented by surveys prior to development of the disposal site. According to the placard,
artifacts removed from the site are on display at a Beaver County Museum. Mr. Marcus
recommended contacting a former Corps Regulatory employee (track down name} who still
works in the area. This person is familiar with the disposal activities and sources of the
material. The Pittsburgh Regulatory Office files may provide additional documentation.

Another nearby activity that could affect the site is development of private hydropower
generation at Montgomery Dam along the right bank. There is an active FERC permit
application for the site. The inlet channel design for any future hydropower facilities would be
the primary action affecting the embayment mouth. Impacts to flow patterns may be another
consideration. There appears to be ample area between the mouth of the embayment and the
L&D for an inlet channe! to be constructed without altering the embayment mouth.

The site is accessible via the land by the gravel/dirt road that veers off the highway at the
eastern end of the new bridge. This road passes under the bridge and continues as a dirt road
along the peninsula to a point about mid-way along the embayment. A trail continues further
out the peninsula and was not visited during the site visit. Public access has not been



prohibited by the land owner and the site appears to have some use by local fishermen based
on trash present. The area under the bridge had some larger debris dumped (furniture). The
new bridge was constructed around 2004 and is attributed to providing a sediment slug to the
embayment. Under existing land uses, sedimentation rates from local inflows are likely
reduced now.

Proposed ER Alternatives. This site is considered to show great potential as an ER site.

Potential local sponsors have expressed an interest in the site due to the unique aquatic habitat
it provides in the area (backwater embayment). Restoration efforts proposed are to restore the
aquatic habitat in the embayment for centrarchids including largemouth bass or bluegill that
would utilize this area (both have certified HS| models). The upland area would be used to
support some of the aquatic habitat improvements and to provide additional aquatic habitat
types, included vernal pool wetlands and riparian forest. The landowner has expressed a desire
to sell the property between the highway and river as one tract rather than selling only a
portion of the tract. It is believed the existing natural bottomiand forest areas are of high
quality with the exception of limited removal of exotics.

No Action (includes preservation by local sponsors). This alternative is always considered as
part of Corps projects. Under this alternative the embayment would have some continued rate
of sedimentation and expansion of the upper marsh. Exotic plants would likely expand in
coverage. Preservation by local agencies would not be a Corps alternative under current policy
guidelines but could be utilized to ensure the area would remain undeveloped.

Removal of exotic vegetation. Based on preliminary site visits, it appears that exotics are just
beginning to develop in the area. Removal or treatment of exotics at the present time might
adequately take care of the problem before it intensifies and become more of a management
issue. Purple loosestrife could be hand-removed at current levels? Multi-flora rose and
Japanese knotweed control should also be considered.

Installation of LWD (large woody debris) in embayment open areas at existing depths. The
existing embayment provides little in the way of cover with the exception of emergent
vegetation and occasional submerged snags extending from the shore. Opportunities existing
to improve cover by installation of submerged log piles or similar structure. In addition, LWD
which extends above the water surface would be used by birds and reptiles as perching sites.

Suction dredging to restore former or near former depths with disposal to upland area. This
alternative would utilize suction dredging techniques (or other shallow draft dredging methods)
to restore former depths in the embayment. The goal would be to provide better range of
water depths that would provide cooler water for fish in the summer and improve
overwintering areas in the winter. The adjacent upland area would be used for disposal with



the deposited material used to improve existing cover soils and develop additional vernal pool
wetland areas. This method could be supplemented by installation of LWD after dredging.

Vernal pool wetlands on upland areas (with and without dredging). The upland area formerly
used as a dredged disposal site could be improved by installation of vernal pool wetlands.
These would likely have to be lined unless any potential suction dredging sediment would have
high clay content after drying. Shallow depressions would be excavated on the area and after
the bottom liner/clay layer installed, topsoil placed over the liner, and plants installed. Any
deposited material would likely contain adequate native seed banks to develop wetland species
such as sedges and rushers. Hydrology to these wetlands would be supplied only by
precipitation since the area is elevated above the river. Aquatic benefits would be improved
food sources for adjacent river/embayment areas and the aquatic habitat provided by the
vernal pools themselves.

Reconnection to river? The embayment was at one time connected directly to the river or had
low enough overbanks to allow frequent flooding during high flow events. This has been
proposed as one possible restoration technique. The existing peninsula allows some overbank
flooding and water can pulse into the embayment from the mouth when river stage is elevated.
Alternation of the former disposal area would require excavation of substantial material to
recreate a former upper inlet channel. This would substantially change flow and water quality
conditions in the embayment as water would flow actively through the embayment in relation
to river flow.

ER Evaluation. HSI model for largemouth bass altering cover, depth, and water quality
conditions. Input to aquatic system by vernal pools (incidental benefits of all alternatives on
birds, reptiles, and amphibians. Benefits versus costs per unit habitat provided.
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Site 9, Spwaning Habitat Enhancement Downstream of Dashields Dam
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October 2009 Site Visit Photographs

Site 5-1 Emsworth Pool, Davis Island Foreshore Dike

Site 7-1 Dashields Pool, Neville Island Foreshore Dike
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October 2009 Site Visit Photographs

Site 10-1 Montgomery Pool, Ambridge, Foreshore Dike

Site 10-2 Montgomery Pool, Ambridge, Foreshore Dike
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October 2009 Site Visit Photographs

Site 10-3 Montgomery Pool, Ambridge, Foreshore Dike

Site 10-4 Montgomery Pool, Ambridge, Foreshore Dike
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October 2009 Site Visit Photographs

Site 10-5 Montgomery Pool, Ambridge, Foreshore Dike

Site 10-6 Montgomery Pool, Ambridge, Foreshore Dike
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October 2009 Site Visit Photographs

Site 10-7 Montgomery Pool, Ambridge, Foreshore Dike

Site 11-1 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Site 11-2 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek

Site 11-3 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Site 11-4 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek

Site 11-5 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Sote 11-6 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek

Site 11-7 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Site 11-8 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek

Site 11-9 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Site 11-10 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek

Site 11-12 Montgomery Pool, Gravel Bar Enhancement at Mouth of Beaver Creek
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October 2009 Site Visit Photographs

Siste 13-1 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-2 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-3 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-4 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-5 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-6 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-7 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-8 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-9 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-10 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-11 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-12 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-13 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-14 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-15 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-16 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-17 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-18 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-19 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-20 Montgomery Pool, Fourmile Run, Foreshore Dike
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October 2009 Site Visit Photographs

Site 13-21 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 13-22 Montgomery Pool, Fourmile Run, Foreshore Dike

Page | 21



October 2009 Site Visit Photographs

Site 13-23 Montgomery Pool, Fourmile Run, Foreshore Dike

Site 16-1 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-2 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-3 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-4 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-5 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-6 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-7 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-8 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-9 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-10 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-11 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-12 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-13 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-14 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-15 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-16 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-17 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-18 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-19 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-20 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-21 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-22 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-23 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-24 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-25 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-26 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-27 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-28 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-29 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-30 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-31 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-32 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-33 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-34 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-35 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-36 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-37 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-38 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-39 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-40 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-41 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-42 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-43 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-44 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-45 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-46 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 16-47 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike
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October 2009 Site Visit Photographs

Site 16-48 New Cumberland Pool, Phyllis Island, Foreshore Dike/Ring Dike

Site 18-1 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-2 New Cumberland Pool, Foreshore Dike, Georgetown Island

Ssite 18-3 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-4 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-5 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-6 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-7 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-8 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-9 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-10 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-11 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-12 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-13 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-14 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-15 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-16 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-17 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-18 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-19 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-20 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-21 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-22 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-23 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-24 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-25 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-26 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-27 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-28 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-29 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-30 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-31 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-32 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-33 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-34 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-35 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-36 New Cumberland Pool, Foreshore Dike, Georgetown Island

Site 18-37 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs

Site 18-38 New Cumberland Pool, Foreshore Dike, Georgetown Island
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October 2009 Site Visit Photographs
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Enclosure 6
Determination of Ecosystem Outputs






RIPARIAN - ISLAND SITE 5, DAVIS ISLAND FSD 4/6/2010

PROJECT UONS -ER
SITE # 5

SITE NAME DAVIS ISLAND
POOL EMSWORTH
RIVERMILE 45-52L
DESCRIPTION FSD - RIPARIAN MAIN SHORELINE
RESTORATION MEASURE FORESHORE DIKE

ATTRIBUTES:
RIPARIAN ZONE LENGTH (FEET) 3827
RIPARIAN ZONE WIDTH (FEET) 30

RIPARIAN AREA (ACRES) 2.64

SIVALUES LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15

SF FACTOR
WOPC 2 2 2 2
WPC 3 3 3 3

SOUs
WOPC 5.27 5.27 5.27 5.27 #VALUE!
WPC 7.91 15.81 23.72 39.54 #VALUE!

Page 1



SMALLMOUTH BASS

SITE 5, DAVIS ISLAND, MAIN SHORE, WOPC

4/6/2010

PROJECT UONS —ER |
SITE# 5 |
SITE NAME DAVIS ISLAND
POOL EMSWORTH |
RIVERMILE 45-52L |
DESCRIPTION MAIN SHORELINE

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

710

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

3827

TREATMENT AREA (ACRES)

21.96

POOL AREA (ACRES)

0.00

STONE AREA (ACRES)

0.00

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V1 = DOMINANT SUBSTRATE TYPE WITHIN POOL, BACKWATER (R) OR SHOAL
AREA (L)

GRAPH

C

1.00

1.00

C

1.00

C

1.00

V> = PERCENT POOLS

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

V4, = AVERAGE DEPTH OF POOLS DURING MIDSUMMER

ooM

0.00

ooM

0.00

o0oM

0.00

ooM

0.00

Vs = PERCENT COVER IN THE FORM OF BOULDERS, STUMPS, DEAD TREES,
AND CREVICES (ADULTS) OR VEGETATION AND ROCKS (FRY)

0.00

0.00

0.00

0.00

Vs = AVERAGE pH LEVEL DURING THE YEAR

WQ DATA

0.95

0.95

0.95

0.95

Vg = MINIMUM DISSOLVED OXYGEN LEVEL THROUGHOUT THE YEAR

WQ DATA

1.00

1.00

1.00

1.00

Vg = MAXIMUM MONTHLY AVERAGE TURBIDITY LEVEL DURING THE SUMMER

WQ DATA

V10 = WATER TEMPERATURE IN SELECTED HABITAT DURING THE GROWING
SEASON (MAY TO OCTOBER) (ADULTS)

WQ DATA

V13 = WATER TEMPERATURE IN SELECTED HABITAT DURING SPAWNING AND
FOR 45 DAYS AFTERWARDS

WQ DATA

V12 = WATER TEMPERATURE IN SELECTED HABITAT DURING THE GROWING
SEASON (MAY TO OCTOBER) (FRY)

WQ DATA

V1= WATER TEMPERATURE IN SELECTED HABITAT DURING THE GROWING
SEASON (MAY TO OCTOBER) (JUVENILE)

WQ DATA

1.00

1.00

1.00

1.00

V14 = WATER LEVEL FLUCTUATIONS DURING SPAWNING AND FOR 45 DAYS
AFTER SPAWNING

1.00

1.00

1.00

1.00

Vi5s = STREAM GRADIENT WITHINREPRESENTATIVE REACH

0.20

0.20

0.20

0.20

Page |



SMALLMOUTH BASS

SITE 5, DAVIS ISLAND, MAIN SHORE, WOPC

4/6/2010

Wo CR X COT)

SMALLMOUTH BASS RIVERINE HSI MODEL INITIAL 5 YEAR 25 YEAR S50 YEAR
Food (C.).
F
Cp= (Vi x ¥y x V)3
FOOD 0.00 0.00 0.00 0.00
Cover (CC) .
COVER Ce = Vit Ve W+ Vs 0.25 0.25 0.25 0.25
3
Vater Quality (CHQ)'
173
WATER QUALITY o Vot Vg Vg +2 [éVn X Vi 1 V) ] 097 097 097 097
Reproduction (CR)‘
REPRODUCTION CR = (V2 X Ve x ¥y x b x by ¢ V,)W 0.00 0.00 0.00 0.00
Other ( COT) .
OTHER Cor = Vae 0.20 0.20 0.20 0.20
HSI DETERMINATION HST = (CF X CC x C e 0.00 0.00 0.00 0.00
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4/6/2010

WHITE CRAPPIE SITE 5, DAVIS ISLAND, MAIN SHORE, WOPC
PROJECT UONS - ER
SITE# 5
SITE NAME DAVIS ISLAND
POOL EMSWORTH
RIVERMILE 45-5.2L0
DESCRIPTION MAIN SHORELINE

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

710

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

3827

TREATMENT AREA (ACRES)

21.96

POOL AREA (ACRES)

0.00

STONE AREA (ACRES)

0.00

VEGETATION AREA (ACRES)

0.00

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = STREAM GRADIENT WITHIN STUDY AREA

ORSANCO
POOL
REPORT

0.00%

0.00%

0.00%

0.00%

V, = PERCENT COVER (VEGETATION, BRUSH,
DEBRIS, STANDING TIMBER, ETC.) DURING
SUMMER WITHIN RIVERINE POOLS, AND
LACUSTRINE LITTORAL AREAS (ADULT, FRY,
JUVENILE, EMBRYO)

0.00%

0.20

0.00%

0.20

0.00%

0.20

0.00%

0.20

V, = PERCENT POOLS, OVERFLOW AREAS, OR
BACKWATERS DURING AVERAGE SUMMER FLOW

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

Vs = pH RANGE DURING YEAR

GRAPH

1.00

1.00

1.00

1.00

Vs = AVERAGE WATER TEMPERATURE WITHIN
EPILIMNION (L) OR WITHIN POOLS OR
BACKWATERS (R) DURING MIDSUMMER (JULY,
AUGUST) (ADULT, JUVENILE)

ORSANCO 305b

25.6°C

1.00

26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V,; = AVERAGE WATER TEMPERATURE WITHIN
LITTORAL AREAS (L) OR IN POOLS OR
BACKWATERS (R) DURING MIDSUMMER (FRY)

ORSANCO 305b

25.6°C

0.95

26.7°C

0.90

26.7°C

0.90

26.7°C

0.90

Vg = AVERAGE TEMPERATURE WITHIN LITTORAL
AREAS (L) OR BACKWATERS (R) DURING
SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

17.5

1.00

175

1.00

17.5

1.00

17.5

1.00

Vo = MINIMUM DISSOLVED OXYGEN LEVELS
DURING MIDSUMMER (ADULT, FRY, JUVENILE)

ORSANCO 305b

V,o = DISSOLVED OXYGEN LEVELS WITHIN
LITTORAL AREAS (L) OR BACKWATERS (R) DURING
SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

V1, = MAXIMUM MONTHLY AVERAGE TURBIDITY
DURING SUMMER (MAY TO AUGUST)

ESTIMATED

40JTU

1.00

40JTU

1.00

40JTU

1.00

40JTU

1.00

V1, = AVERAGE CURRENT VELOCITY WITHIN POOLS
AT 0.6 DEPTH DURING AVERAGE SUMMER FLOW
(MAY TO AUGUST)

ESTIMATED

3cms

1.00

3cms

1.00

3cms

1.00

3cms

1.00




WHITE CRAPPIE

SITE 5, DAVIS ISLAND, MAIN SHORE, WOPC

4/6/2010

WHITE CRAPPIE RIVERINE HSI MODEL INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
FOOD - COVER C = (V, x V3)1/2 0.00 0.00 0.00 0.00
F-C
WATER QUALITY Yo+ 200V x )1/2] vy 0.99 0.98 0.98 0.98
s X Vg s 1
Cyq = 3

- 2 1 1/6

REPRODUCTION CR - (VZ X VJ X Ve X Vlo ) 0.00 0.00 0.00 0.00
1

OTHER COT = ( v 1 X v 12 ) /2 1,00 1,00 1,00 1,00

. 2 1/5
HSI DETERMINATION HSI = (EFC X CWQ X CR X EUT) 0.00 0.00 0.00 0.00 0.00
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CHANNEL CATFISH

SITE 5, DAVIS ISLAND, MAIN SHORE, WPC

4/6/2010

PROJECT UONS - ER
SITE # 5

SITE NAME DAVIS ISLAND
POOL EMSWORTH
RIVERMILE 4.5-5.2L
DESCRIPTION MAIN SHORELINE

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

710

TOP OF DIKE ELEV (MSL)

712

DIKE SLOPE

2H:1V

LENGTH OF DIKE FIELD (FEET)

3627

TREATMENT ZONE WIDTH (FEET)

TREATMENT ZONE LENGTH (FEET)

3827

TREATMENT AREA (ACRES)

21.96

POOL AREA (ACRES)

1.83

STONE AREA (ACRES)

3.45

VEGETATION AREA (ACRES)

1.47

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = PERCENT POOLS DURING AVERAGE SUMMER FLOW

8.33%

0.40

8.33%

0.40

8.33%

0.40

8.33%

0.40

V, = PERCENT COVER (LOGS, BOULDERS,
CAVITIES, BRUSH, DEBRIS, OR STANDING TIMBER
DURING SUMMER WITHIN POOLS, BACKWATER
AREAS, AND LITTORAL AREAS

15.71%

0.55

19.05%

0.65

22.40%

0.75

22.40%

0.75

V, = FOOD PRODUCTION POTENTIAL IN RIVER BY
SUBSTRATE TYPE PRESENT DURING AVERAGE
SUMMER FLOW

GRAPH

0.50

0.70

1.00

1.00

Vs = AVERAGE MIDSUMMER WATER TEMPERATURE
WITHIN POOLS, BACKWATERS, OR LITTORAL
AREAS (ADULT)

ORSANCO 305b

25.6°C

0.90

26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V; = MAXIMUM MONTHLY AVERAGE TURBIDITY DURI

ING SUMMER

ESTIMATED

0.80

0.80

0.80

0.80

Vg = AVERAGE MINIMUM DISSOLVED OXYGEN
LEVELS WITHIN POOLS, BACKWATERS, OR
LITTORAL AREAS DURING MIDSUMMER

ESTIMATED

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

Vo = MAXIMUM SALINITY DURING SUMMER (ADULT)

ESTIMATED

1.00

1.00

1.00

1.00

V10 = AVERAGE WATER TEMPERATURES WITHIN
POOLS, BACKWATERS, AND LITTORAL AREAS
DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

ORSANCO 305b

25.6°C

0.90

26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V11 = MAXIMUM SALINITY DURING SPAWNING AND
EMBRYO DEVELOPMENT (EMBRYO)

ESTIMATED

1.00

1.00

1.00

1.00

V,, = AVERAGE MIDSUMMER WATER
TEMPERATURE WITHIN POOLS, BACKWATERS, OR
LITTORAL AREAS (FRY)

ORSANCO 305b

25.6°C

0.90

26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V13 = MAXIMUM SALINITY DURING SUMMER (FRY, JUVENILE)

ESTIMATED

1.00

1.00

1.00

1.00

V,, = AVERAGE MIDSUMMER WATER
TEMPERATURE WITHIN POOLS, BACKWATERS, OR
LITTORAL AREAS (JUVENILE)

ORSANCO 305b

25.6°C

0.90

26.7°C

0.95

26.7°C

0.95

26.7°C

0.95

V. = AVERAGE CURRENT VELOCITY IN COVER
AREAS DURING AVERAGE SUMMER FLOW

ESTIMATED

3cms

1.00

3cms

1.00

3cms

1.00

3cms

1.00

Page 1



CHANNEL CATFISH SITE 5, DAVIS ISLAND, MAIN SHORE, WPC 4/6/2010
CHANNEL CATFISH RIVERINE HSI MODEL INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
Ve + V,
FOOD CF = 2 0.53 0.68 0.88 0.88
. /3
COVER CC - <V1 X vz X V“) 0.60 0.64 0.67 0.67
2(Vs + ¥y, + V)
- 3 Vo # 2(Ve) + Vg + ¥y,
Y 7
WATER QUALITY 0.94 0.97 0.97 0.97
- 1/8
CR S UN S AR AR AR
REPRODUCTION 0.75 0.80 0.83 0.83
- 1/6
HSI DETERMINATION HST = ( CF X CC X Csz X CRZ ) 0.73 0.80 0.85 0.85 0.83
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RIPARIAN - ISLAND SITE 5, DAVIS ISLAND FSD 4/6/2010

PROJECT UONS -ER
SITE # 5

SITE NAME DAVIS ISLAND
POOL EMSWORTH
RIVERMILE 45-52L
DESCRIPTION FSD - RIPARIAN MAIN SHORELINE
RESTORATION MEASURE FORESHORE DIKE

ATTRIBUTES:
RIPARIAN ZONE LENGTH (FEET) 3827
RIPARIAN ZONE WIDTH (FEET) 30

RIPARIAN AREA (ACRES) 2.64

SIVALUES LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15

SF FACTOR
WOPC 2 2 2 2
WPC 3 3 3 3

SOUs
WOPC 5.27 5.27 5.27 5.27 #VALUE!
WPC 7.91 15.81 23.72 39.54 #VALUE!

Page 1



CHANNEL CATFISH

SITE 10, AMBRIDGE, WOPC

4/6/2010

PROJECT | UONS —ER |
SITE # 10

SITE NAME | AMBRIDGE |
POOL MONTGOMERY
RIVERMILE [ 176-17.9 |
DESCRIPTION |RIGHT BANK|

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2320

TREATMENT AREA (ACRES)

13.31

POOL AREA (ACRES)

STONE AREA (ACRES)

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = PERCENT POOLS DURING AVERAGE SUMMER FLOW

0.00%

0.20

0.00%

0.20

0.00%

0.20

0.00%

0.20

V, = PERCENT COVER (LOGS, BOULDERS, CAVITIES, BRUSH, DEBRIS, OR
STANDING TIMBER DURING SUMMER WITHIN POOLS, BACKWATER AREAS,
AND LITTORAL AREAS

0.00%

0.10

0.00%

0.10

0.00%

0.10

0.00%

0.10

V, = FOOD PRODUCTION POTENTIAL IN RIVER BY SUBSTRATE TYPE
PRESENT DURING AVERAGE SUMMER FLOW

GRAPH

c

c

Vs = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (ADULT)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V; = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER

ESTIMATED

0.80

0.80

0.80

0.80

Vg = AVERAGE MINIMUM DISSOLVED OXYGEN LEVELS WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS DURING MIDSUMMER

ESTIMATED

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

Vo = MAXIMUM SALINITY DURING SUMMER (ADULT)

ESTIMATED

1.00

1.00

1.00

1.00

V10 = AVERAGE WATER TEMPERATURES WITHIN POOLS, BACKWATERS,
AND LITTORAL AREAS DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V11 = MAXIMUM SALINITY DURING SPAWNING AND EMBRYO
DEVELOPMENT (EMBRYO)

ESTIMATED

V1, = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

BACKWATERS, OR LITTORAL AREAS (FRY)
V13 = MAXIMUM SALINITY DURING SUMMER (FRY, JUVENILE)

ESTIMATED

1.00

1.00

1.00

1.00

V14 = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (JUVENILE)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

V15 = AVERAGE CURRENT VELOCITY IN COVER AREAS DURING AVERAGE
SUMMER FLOW

ESTIMATED

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40

Page |



CHANNEL CATFISH SITE 10, AMBRIDGE, WOPC 4/6/2010

CHANNEL CATFISH RIVERINE HSI MODEL U + V INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
2 &

FOOD F 2 0.30 0.30 0.30 0.30

COVER CE = (1'11 X Uz x U]s)1/3 0.20 0.20 0.20 0.20

WATER QUALITY '.\'0 7 0.94 0.94 0.94 0.94

: ERPRTIFRNTI. 1
REPRODUCTION [:R - (Ul b ll'rz X ]‘[3 X lu[ll! X u‘.l) 0.45 0.45 0.45 0.45

HSI DETERMINATION 0.47 0.47 0.47 0.47 0.47|
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RIPARIAN - ISLAND

SITE 10, AMBRIDGE, ORM 17.6 - 17.9, FSD

4/6/2010

PROJECT UONS - ER

SITE # 10

SITE NAME AMBRIDGE

POOL MONTGOMERY
RIVERMILE 17.6-17.9
DESCRIPTION FSD - RIPARIAN MAIN SHORELINE

RESTORATION MEASURE

FORESHORE DIKE

ATTRIBUTES:

RIPARIAN ZONE LENGTH (FEET) 2320
RIPARIAN ZONE WIDTH (FEET) 30
RIPARIAN AREA (ACRES) 1.60

SIVALUES |LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15

SF FACTOR

WOPC 2.00 2.00 2.00 2.00

WPC 3.00 3.00 3.00 3.00

SOUs

WOPC 3.20 3.20 3.20 3.20 #VALUE!
WPC 4.79 9.59 14.38 23.97 #VALUE!

Page 1



SMALLMOUTH BASS

SITE 10, AMBRIDGE, WOPC

4/6/2010

PROJECT

| UONS —ER |

SITE #

10

SITE NAME

| AMBRIDGE |

POOL

MONTGOMERY

RIVERMILE

[ 176-17.9 |

DESCRIPTION

|RIGHT BANK|

RESTORATION MEASURE

FORESHORE DI

KE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2320

TREATMENT AREA (ACRES)

13.31

POOL AREA (ACRES)

0.00

STONE AREA (ACRES)

0.00

VEGETATION AREA (ACRES)

0.00

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = DOMINANT SUBSTRATE TYPE WITHIN POOL, BACKWATER (R) OR
SHOAL AREA (L)

GRAPH

C

1.00

1.00

C

1.00

C

1.00

V, = PERCENT POOLS

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

V, = AVERAGE DEPTH OF POOLS DURING MIDSUMMER

00M

0.00

0.0M

0.00

00M

0.00

0.0M

0.00

Vs = PERCENT COVER IN THE FORM OF BOULDERS, STUMPS, DEAD
TREES, AND CREVICES (ADULTS) OR VEGETATION AND ROCKS (FRY)

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

Vs = AVERAGE pH LEVEL DURING THE YEAR

WQ DATA

7.7

0.95

7.7

0.95

7.7

0.95

7.7

0.95

Vg = MINIMUM DISSOLVED OXYGEN LEVEL THROUGHOUT THE YEAR

WQ DATA

7.0

1.00

7.0

1.00

7.0

1.00

7.0

1.00

Vg = MAXIMUM MONTHLY AVERAGE TURBIDITY LEVEL DURING THE
SUMMER

WQ DATA

40JTU

40 JTU

40JTU

40 JTU

V10 = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (ADULTS)

WQ DATA

25.0

1.00

25.0

1.00

25.0

1.00

25.0

1.00

V11 = WATER TEMPERATURE IN SELECTED HABITAT DURING SPAWNING
AND FOR 45 DAYS AFTERWARDS

WQ DATA

1.00

1.00

1.00

1.00

V1, = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (FRY)

WQ DATA

Vi3= WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (JUVENILE)

WQ DATA

1.00

1.00

1.00

1.00

V14, = WATER LEVEL FLUCTUATIONS DURING SPAWNING AND FOR 45 DAYS
AFTER SPAWNING

1.00

1.00

1.00

1.00

V;5 = STREAM GRADIENT WITHINREPRESENTATIVE REACH

0.20

0.20

0.20

0.20

Page 1



SMALLMOUTH BASS

SITE 10, AMBRIDGE, WOPC

4/6/2010

SMALLMOUTH BASS RIVERINE HSI MODEL T T T INITIAL 5 YEAR 25 YEAR 50 YEAR AV Annual
Food (CF).
- 1/3
CF—(V. x Vi x V)
FOOD _ 0.00 0.00 0.00 0.00
Cover (Cc).
Vy + ¥y + W, + ¥
COVER Ce = 22 z . N 0.25 0.25 0.25 0.25
g
Water Quality {tw).
1/
Vot Wy # Wy + 2 [V x Vi a V) )
WATER QUALITY fu: - Brhth [2'_“ ' . i) 0.97 0.97 0.97 0.97
I I I I
Reproduction {:R]'
: . Y . X . X
REPRODUCTION f, = (et % Vya ¥y x Vg x ¥y 07 0.00 0.00 0.00 0.00
\ . \
Other (COT) .
OTHER 0.20 0.20 0.20 0.20
Cor = Vis
[ [
I I I
1S| DETERMINATION HST = (Coox Cow G % € % C )1'Jr5 0.00 0.00 0.00 0.00 0.00
FO8C "MW ™ "r ™ o7
| | | |
| I | I
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WHITE CRAPPIE

SITE 10, AMBRIDGE, WOPC

4/6/2010

PROJECT | UONS —ER |
SITE # 10

SITE NAME | AMBRIDGE |
POOL MONTGOMERY
RIVERMILE [ 176-17.9 |
DESCRIPTION |RIGHT BANK|

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2320

TREATMENT AREA (ACRES)

13.31

POOL AREA (ACRES)

STONE AREA (ACRES)

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = STREAM GRADIENT WITHIN STUDY AREA

ORSANCO
POOL
REPORT

0.00%

0.00%

0.00%

0.00%

V, = PERCENT COVER (VEGETATION, BRUSH, DEBRIS, STANDING TIMBER,
ETC.) DURING SUMMER WITHIN RIVERINE POOLS, AND LACUSTRINE
LITTORAL AREAS (ADULT, FRY, JUVENILE, EMBRYO)

0.00%

0.00%

0.20

0.00%

0.00%

0.20

V3 = PERCENT POOLS, OVERFLOW AREAS, OR BACKWATERS DURING
AVERAGE SUMMER FLOW

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

Vs = pH RANGE DURING YEAR

GRAPH

A

1.00

1.00

A

1.00

1.00

Ve = AVERAGE WATER TEMPERATURE WITHIN EPILIMNION (L) OR WITHIN
POOLS OR BACKWATERS (R) DURING MIDSUMMER (JULY, AUGUST)
(ADULT, JUVENILE)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

V; = AVERAGE WATER TEMPERATURE WITHIN LITTORAL AREAS (L) OR IN
POOLS OR BACKWATERS (R) DURING MIDSUMMER (FRY)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

Vg = AVERAGE TEMPERATURE WITHIN LITTORAL AREAS (L) OR
BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

17.5

17.5

17.5

17.5

Vs = MINIMUM DISSOLVED OXYGEN LEVELS DURING MIDSUMMER (ADULT,
FRY, JUVENILE)

ORSANCO 305b

A

A

A

A

V10 = DISSOLVED OXYGEN LEVELS WITHIN LITTORAL AREAS (L) OR
BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

A

A

A

A

V11 = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER (MAY TO
AUGUST)

ESTIMATED

40 JTU

40JTU

40 JTU

40 JTU

V1, = AVERAGE CURRENT VELOCITY WITHIN POOLS AT 0.6 DEPTH DURING
AVERAGE SUMMER FLOW (MAY TO AUGUST)

ESTIMATED

25.5 cms

25.5 cms

25.5 cms

25.5 cms
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WHITE CRAPPIE SITE 10, AMBRIDGE, WOPC 4/6/2010
WHITE CRAPPIE RIVERINE HSI MODEL INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
- 1/2
FOOD - COVER CF—C = (V2 x V3) 0.00 0.00 0.00 0.00
| ! |
WATER QUALITY Vy *+ 200V % ._.,T}l."?’] + 2, 4y, 0.99 0.99 0.99 0.99
E'n'Q = —— -
| Il |
| [ |
[ I [
REPRODUCTION C, = {'H' x V Vi x Vit 1/6
R 2 3 X Vet xV,?) 0.00 0.00 0.00 0.00
I I I
- 1/2
COT = (Vy x Vy2)
OTHER 0.84 0.84 0.84 0.84
HSI DETERMINATION HSI = {CFC ¥ Cm‘ x Cpx Em)l’fa 0.00 0.00 0.00 0.00 0.00)
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SPOTTED BASS SITE 11, BEAVER RIVER GRAVEL BAR, WOPC 4/6/2010
PROJECT UONS —ER
SITE # 11
SITE NAME BEAVER RIVER
POOL MONTGOMERY
RIVERMILE 255
DESCRIPTION RIGHT BANK
RESTORATION MEASURE GRAVEL BAR RESTORATION
OPTION WOPC
ATTRIBUTES:
NORMAL POOL ELEV (MSL) 682
SURFACE AREA (POOL ACREAGE) 3008
TREATMENT AREA ACREAGE 15.47
HSI VARIABLES: INITIAL SCORE 5 YEAR SCORE 25 YEAR SCORE 50 YEAR SCORE AV ANNUAL
V, = PERCENT OF SUBSTRATE IN RESERVOIRS COMPRISED OF
GRAVEL, COBBLE, BOULDERS, OR BEDROCK ORSNACO 50.0% 1.00 50.0% 1.00 50.0% 1.00 50.0% 1.00
V, = PERCENT COVER (BOULDERS, BRUSH, LOG PILES, OR OTHER
STRUCTURE) ABOVE THERMOCLINE IN RESERVOIRS ESTIMATED 0.0% 0.20 0.0% 0.20 0.0% 0.20 0.0% 0.20
Vs = AVERAGE TURBIDITY DURING SUMMER WQ DATA 40 1.00 40 1.00 40 1.00 40 1.00
Vs = ANNUAL MAXIMUM OR MINIMUM pH. (USE MEASUREMENT WITH
LOWEST SI VALUE) WQ DATA 7.0 0.70 7.0 0.70 7.0 0.70 7.0 0.70
V; = AVERAGE MAXIMUM DAILY TEMPERATURE DURING WARMEST
SUMMER MONTH WQ DATA 256 1.00 25.6 1.00 256 1.00 25.6 1.00
Vg = MINIMUM TEMPERATURE DURING SPAWNING WQ DATA 16.1°C 1.00 16.1°C 1.00 16.1°C 1.00 16.1°C 1.00
Vs = MINIMUM DISSOLVED OXYGEN LEVELS DURING SUMMER, FALL,
AND WINTER AT LOCATION SELECTED FOR MOST SUITABLE
TEMPERATURE FOR V; WQ DATA 6.0 1.00 6.0 1.00 6.0 1.00 6.0 1.00
V30 = MINIMUM DISSOLVED OXYGEN LEVEL DETERMINED AT SAME TIME
AND LOCATION AS FOR Vg ESTIMATED 7.0 1.00 7.0 1.00 7.0 1.00 7.0 1.00
Vi, = TROPHIC STATUS/PRODUCTIVITY OF LAKE OR LAKE SECTION GRAPH B 1.00 B 1.00 B 1.00 B 1.00
SPOTTED BASS LACUSTRINE HSI MODEL INITIAL 5 YEAR 25 YEAR 50 YEAR
HSI DETERMINATION (HSI EQUALS THE MINIMUM VALUE FOR
SUITABILITY INDICES V3 THROUGH Vi1) 0.20 0.20 0.20 0.20 0.20)
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WALLEYE

SITE 11, BEAVER RIVER GRAVEL BAR, WPC

4/6/2010

PROJECT

UONS - ER

SITE #

11

SITE NAME

BEAVER RIVER

POOL

MONTGOMERY

RIVERMILE

255

DESCRIPTION

RIGHT BANK

RESTORATION MEASURE

GRAVEL BAR RESTORATION

OPTION

WPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

SURFACE AREA (POOL ACREAGE)

3008

DAY DEGREES > 16C

1263

TREATMENT AREA ACREAGE

15.47

HSIVARIABLES:

INITIAL SCORE 5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = AVERAGE TRANSPARENCY (SECCHI DEPTH) DURING SUMMER

ESTIMATED

M 0.80 M

0.80

M

0.80

M

0.80

V, = RELATIVE ABUNDANCE OF SMALL (<12 CM) FORAGE FISHES
DURING SPRING AND SUMMER (FRY, JUVENILE, AND ADULT)

ESTIMATED

300 0.80 400

400

400

V; = PERCENT OF WATERBODY WITH COVER (BOULDERS, LOG PILES,
BRUSH, SUBMERGED VEGETATION) AND ADEQUATE DISSOLVED
OXYGEN DURING THE SPRING AND SUMMER (FRY, JUVENILE, AND
ADULT)

TREATMENT AREA

25.00% 1.00 25.00%

1.00

25.00%

1.00

25.00%

1.00

V, = LEAST SUITABLE pH DURING THE YEAR

WQ DATA

7.0 1.00 7.0

1.00

7.0

1.00

7.0

1.00

Vs = MINIMUM DISSOLVED OXYGEN LEVEL IN POOLS AND RUNS IN
SUMMER

WQ DATA

7.0 1.00 7.0

1.00

7.0

1.00

7.0

1.00

Ve = MINIMUM DISSOLVED OXYGEN LEVEL DURING SUMMER-FALL
ALONG SHALLOW SHORELINE AREAS

WQ DATA

5.0 1.00 5.0

1.00

5.0

1.00

5.0

1.00

V7 = MINIMUM DISSOLVED OXYGEN LEVEL MEASURED IN SPAWNING
AREAS DURING SPRING

WQ DATA

7.0 1.00 7.0

1.00

7.0

1.00

7.0

1.00

Vg = MEAN WEEKLY WATER TEMPERATURE IN POOLS DURING
SUMMER (ADULT AND JUVENILE)

WQ DATA

247 0.90 24.7

0.90

247

0.90

24.7

0.90

Ve = MEAN WEEKLY WATER TEMPERATURE DURING LATE SPRING-
EARLY SUMMER (FRY)

WQ DATA

1.00

1.00

1.00

V30 = MEAN WEEKLY WATER TEMPERATURE DURING SPAWNING IN
SPRING (EMBRYO)

ESTIMATED

V;, = DEGREE DAYS BETWEEN 4 AND 10°C FROM OCTOBER 30 TO
APRIL 15

ESTIMATED

1000 1.00 1000

1.00

1.00

1.00

V3, = SPAWNING HABITAT INDEX

CALCULATED

75 1.00 75

1.00

1.00

1.00

V13 = WATER LEVEL DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

GRAPH

WALLEYE RIVERINE HSI MODEL

INITIAL

5 YEAR

25 YEAR

50 YEAR

Av Annual

FOOD

COVER

Vi, + WV
FT2

3v,

CL=

the 1um_ast of the subcomponent ratings for cover from the
appropriate CL' where:

+

q
|

A

WATER QUALITY

Cyq = the Towest of Vi, V, Ve, Vi, or V, o0

REPRODUCTION

HSI DETERMINATION

ER = the Towest of Vy, Vyy, Vyy, Vy,, or Vis )

the lowest of CF. [

1.00

1.00

1.00

¢ CNQ‘ or CR 080
!
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WHITE BASS

SITE 11, BEAVER RIVER GRAVEL BAR, WPC

4/6/2010

PROJECT

UONS - ER

SITE #

11

SITE NAME

BEAVER RIVER

POOL

MONTGOMERY

RIVERMILE

255

DESCRIPTION

RIGHT BANK

RESTORATION MEASURE

GRAVEL BAR RESTORATION

OPTION

WPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

SURFACE AREA (POOL ACREAGE)

3008

DAY DEGREES > 16C

1263

AV WEEKLY WATER TEMP DURING SPAWNING AND INCUBATION

16°C

HSIVARIABLES:

INITIAL SCORE 5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = SURFACE AREA (ACRES)

3008 1.00 3008

1.00

3008

1.00

3008

1.00

V,; = PERCENT SURFACE AREA WITH A SURFACE CURRENT VELOCITY
< 0.4M/SEC

25 1.00 25

25

25

V,; = MAXIMUM WATER LEVEL CHANGE FROM THE ONSET OF
SPAWNING TO HATCHING OF FRY

Vs = DAY-DEGREES ABOVE 16°C IN UPPER 2M FROM ONSET OF
SPAWNING TO FALL WHEN WATER TEMPERATURES DECREASE TO
16°C

1263 1.00 1263

1263

1263

Ve = AVERAGE WEEKLY WATER TEMPERATURE DURING SPAWNING
AND INCUBATION

16 1.00 16

1.00

16

1.00

16

1.00

V, = SUBSTRATE INDEX OF HABITAT BETWEEN 0.5M AND 5.0M DEEP.

105 0.55 105

0.55

105

0.55

105

0.55

Vg = FORAGE FISH COMPOSITION

B 0.80 B

0.80

B

0.80

B

0.80

V;0= PERCENT OF HABITAT THAT IS SUITABLE FOR SPAWNING

100.0% 0.80 100.0%

0.80

100.0%

0.80

100.0%

0.80

WHITE BASS LACUSTRINE HSI MODEL

FOOD

Food

INITIAL

5 YEAR

25 YEAR

50 YEAR

Av Annual

(c

P

0.80

0.80

0.80

C. = Vg

F

REPRODUCTION

V. I‘* Ve + Vi,

0.93

0.93

0.93

0.93

OTHER

CR—

3

(Vi® x V)

+
Vs 0.61

0.61

0.61

0.61

HSI DETERMINATION

Cor =

HSI = (CF X CR X COT}

2

1/3
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CHANNEL CATFISH

SITE 13, FOURMILE RUN, WOPC

4/6/2010

PROJECT | UONS —ER |
SITE # 13

SITE NAME FOURMILE RUN
POOL MONTGOMERY
RIVERMILE [ 29.7-305 |
DESCRIPTION |RIGHT BANK|

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2515

TREATMENT AREA (ACRES)

14.43

POOL AREA (ACRES)

STONE AREA (ACRES)

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = PERCENT POOLS DURING AVERAGE SUMMER FLOW

0.00%

0.20

0.00%

0.20

0.00%

0.20

0.00%

0.20

V, = PERCENT COVER (LOGS, BOULDERS, CAVITIES, BRUSH, DEBRIS, OR
STANDING TIMBER DURING SUMMER WITHIN POOLS, BACKWATER AREAS,
AND LITTORAL AREAS

0.00%

0.10

0.00%

0.10

0.00%

0.10

0.00%

0.10

V, = FOOD PRODUCTION POTENTIAL IN RIVER BY SUBSTRATE TYPE
PRESENT DURING AVERAGE SUMMER FLOW

GRAPH

c

c

Vs = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (ADULT)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V; = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER

ESTIMATED

0.80

0.80

0.80

0.80

Vg = AVERAGE MINIMUM DISSOLVED OXYGEN LEVELS WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS DURING MIDSUMMER

ESTIMATED

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

Vo = MAXIMUM SALINITY DURING SUMMER (ADULT)

ESTIMATED

1.00

1.00

1.00

1.00

V10 = AVERAGE WATER TEMPERATURES WITHIN POOLS, BACKWATERS,
AND LITTORAL AREAS DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V11 = MAXIMUM SALINITY DURING SPAWNING AND EMBRYO
DEVELOPMENT (EMBRYO)

ESTIMATED

V1, = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

BACKWATERS, OR LITTORAL AREAS (FRY)
V13 = MAXIMUM SALINITY DURING SUMMER (FRY, JUVENILE)

ESTIMATED |

1.00

1.00

1.00

1.00

V14 = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (JUVENILE)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

V15 = AVERAGE CURRENT VELOCITY IN COVER AREAS DURING AVERAGE
SUMMER FLOW

ESTIMATED

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40
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CHANNEL CATFISH SITE 13, FOURMILE RUN, WOPC 4/6/2010

CHANNEL CATFISH RIVERINE HSI MODEL U + V INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
2 &

FOOD F 2 0.30 0.30 0.30 0.30

COVER CE = (1'11 X Uz x U]s)1/3 0.20 0.20 0.20 0.20

WATER QUALITY '.\'0 7 0.94 0.94 0.94 0.94

: ERPRTIFRNTI. 1
REPRODUCTION [:R - (Ul b ll'rz X ]‘[3 X lu[ll! X u‘.l) 0.45 0.45 0.45 0.45

HSI DETERMINATION 0.47 0.47 0.47 0.47 0.47|
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SMALLOUTH BASS

SITE 13, FOURMILE RUN, OPTION S

PROJECT

UONS - ER

SITE #

13

SITE NAME

FOURMILE RUN

POOL

MONTGOMERY

RIVERMILE

29.7 -30.5

DESCRIPTION

RIGHT BANK

RESTORATION MEASURE

FORESHORE DIKE

OPTION

S

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

684

DIKE SLOPE

2H:1V

LENGTH OF DIKE FIELD (FEET)

2290

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2490

TREATMENT AREA (ACRES)

14.29

POOL AREA (ACRES)

3.11

STONE AREA (ACRES)

0.12

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = DOMINANT SUBSTRATE TYPE WITHIN POOL, BACKWATER (R) OR
SHOAL AREA (L)

GRAPH

c

1.00

1.00

c

1.00

c

1.00

V, = PERCENT POOLS

21.76%

0.40

21.76%

0.40

21.76%

0.40

21.76%

0.40

V, = AVERAGE DEPTH OF POOLS DURING MIDSUMMER

0.15M

0.10

0.15M

0.10

0.15M

0.10

0.15M

0.10

Vs = PERCENT COVER IN THE FORM OF BOULDERS, STUMPS, DEAD
TREES, AND CREVICES (ADULTS) OR VEGETATION AND ROCKS (FRY)

0.84%

0.10

11.72%

0.25

22.60%

0.95

22.60%

0.95

Ve = AVERAGE pH LEVEL DURING THE YEAR

WQ DATA

7.7

0.95

0.95

0.95

0.95

Vg = MINIMUM DISSOLVED OXYGEN LEVEL THROUGHOUT THE YEAR

WQ DATA

7.0

1.00

7.0

1.00

7.0

1.00

7.0

1.00

Vo = MAXIMUM MONTHLY AVERAGE TURBIDITY LEVEL DURING THE
SUMMER

WQ DATA

40 JTU

40 JTU

40 JTU

40 JTU

V10 = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (ADULTS)

WQ DATA

25.0

25.0

25.0

25.0

V11 = WATER TEMPERATURE IN SELECTED HABITAT DURING
SPAWNING AND FOR 45 DAYS AFTERWARDS

WQ DATA

V1, = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (FRY)

WQ DATA

V13= WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (JUVENILE)

WQ DATA

1.00

1.00

1.00

1.00

V14 = WATER LEVEL FLUCTUATIONS DURING SPAWNING AND FOR 45
DAYS AFTER SPAWNING

1.00

1.00

1.00

1.00

V15 = STREAM GRADIENT WITHINREPRESENTATIVE REACH

0.20

0.20

0.20

0.20

Page |
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SMALLOUTH BASS

SITE 13, FOURMILE RUN, OPTION S

SMALLMOUTH BASS RIVERINE HSI MODEL T INITIAL 5 YEAR 25 YEAR 50 YEAR AV Annual
Food (CFJ .
Co = (Vy x Vp x Vg)173
FOOD o r 0.34 0.46 0.72 0.72
Cover (CC).
+ + +
COVER CL‘ - E‘ Va Ve Vs 0.40 0.44 0.61 0.61
g
Water Quality {t\'ﬂ]'
/3
Vo # Wy + ¥y # 2 [(Vaw x Yoy 2 Y1) )
WATER QUALITY 09 = —— [i w ¥ Ve X V) ] 0.97 0.97 0.97 0.97
| I
Reproduction [CR).
A UT
REPRODUCTION €= (Ve x Yy x Wy x ¥y x 1,)Y 0.10 0.25 0.94 0.94
| .
Other (CDT).
OTHER 0.20 0.20 0.20 0.20
Cor = Vs
| |
| I
HSI DETERMINATION HSI = (C. x Co % Cyn x Cpy % C )“5 0.30 0.40 0.60 0.60 0.54]
F c WQ R 0T
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WHITE CRAPPIE

SITE 13, FOURMILE RUN, OPTION S

PROJECT

UONS - ER

SITE #

13

SITE NAME

FOURMILE RUN

POOL

MONTGOMERY

RIVERMILE

29.7 -30.5

DESCRIPTION

RIGHT BANK

RESTORATION MEASURE

FORESHORE DIKE

OPTION

S

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TOP OF DIKE ELEV (MSL)

684

DIKE SLOPE

2H:1V

LENGTH OF DIKE FIELD (FEET)

2290

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2490

TREATMENT AREA (ACRES)

14.29

POOL AREA (ACRES)

3.11

STONE AREA (ACRES)

0.12

VEGETATION AREA (ACRES)

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = STREAM GRADIENT WITHIN STUDY AREA

ORSANCO POOL
REPORT

0.00%

0.00%

0.00%

0.00%

V, = PERCENT COVER (VEGETATION, BRUSH, DEBRIS, STANDING
TIMBER, ETC.) DURING SUMMER WITHIN RIVERINE POOLS, AND
LACUSTRINE LITTORAL AREAS (ADULT, FRY, JUVENILE, EMBRYO)

0.00%

10.88%

21.76%

21.76%

V; = PERCENT POOLS, OVERFLOW AREAS, OR BACKWATERS DURING
AVERAGE SUMMER FLOW

21.76%

0.50

21.76%

0.50

21.76%

0.50

21.76%

0.50

Vs = pH RANGE DURING YEAR

GRAPH

1.00

1.00

1.00

1.00

Vs = AVERAGE WATER TEMPERATURE WITHIN EPILIMNION (L) OR
WITHIN POOLS OR BACKWATERS (R) DURING MIDSUMMER (JULY,
AUGUST) (ADULT, JUVENILE)

ORSANCO 305b

25.6°C

1.00

26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V; = AVERAGE WATER TEMPERATURE WITHIN LITTORAL AREAS (L) OR

ORSANCO 305b

25.6°C

26.7°C

26.7°C

26.7°C

Vg = AVERAGE TEMPERATURE WITHIN LITTORAL AREAS (L) OR

IN POOLS OR BACKWATERS (R) DURING MIDSUMMER (FRY)
BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

1.00

1.00

1.00

1.00

Vg = MINIMUM DISSOLVED OXYGEN LEVELS DURING MIDSUMMER
(ADULT, FRY, JUVENILE)

ORSANCO 305b

1.00

1.00

1.00

1.00

V0 = DISSOLVED OXYGEN LEVELS WITHIN LITTORAL AREAS (L) OR
|BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

V11 = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER
(MAY TO AUGUST)

ESTIMATED

40JTU

1.00

40JTU

1.00

40JTU

1.00

40JTU

1.00

V1, = AVERAGE CURRENT VELOCITY WITHIN POOLS AT 0.6 DEPTH
DURING AVERAGE SUMMER FLOW (MAY TO AUGUST)

ESTIMATED

3cms

1.00

3cms

1.00

3cms

1.00

3cms

1.00
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WHITE CRAPPIE

SITE 13, FOURMILE RUN, OPTION S

WHITE CRAPPIE RIVERINE HSI MODEL I } INITIAL 5 YEAR 25 YEAR 50 YEAR AV Annual
FOOD - COVER CF c = (V, x V, ) 172 0.32 0.55 0.69 0.69
i i
WATER QUALITY Vo + 200V x V) 2]+ 2v, + vy, 0.99 0.98 0.98 0.98
CWI = e -
| |
I I
/6
=\ ] 211/
REPRODUCTION CR “2 X 1lrJ X vi X H]a ) 0.68 0.82 0.88 0.88
l l
1/2
OTHER COT = ( Ve x Vi) 1.00 1.00 1.00 1.00
| |
| |
| I
- 2 1/5
HSI DETERMINATION HSI = {CFC X ch‘O X CR X CUT) 0.73 0.85 0.90 0.90 0.88|
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RIPARIAN - ISLAND

SITE 13, FOURMILE RUN, FSD

4/6/2010

PROJECT UONS - ER

SITE # 10

SITE NAME AMBRIDGE

POOL MONTGOMERY
RIVERMILE 17.6-17.9
DESCRIPTION FSD - RIPARIAN MAIN SHORELINE

RESTORATION MEASURE

FORESHORE DIKE

ATTRIBUTES:

RIPARIAN ZONE LENGTH (FEET) 2490
RIPARIAN ZONE WIDTH (FEET) 30
RIPARIAN AREA (ACRES) 1.71

SIVALUES |LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15

SF FACTOR

WOPC 2 2 2 2

WPC 3 3 3 3

SOUs

WOPC 3.43 3.43 3.43 3.43 3.43
WPC 5.14 10.29 15.43 25.72 16.21
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WHITE CRAPPIE

MONTGOMERY SLOUGH EMBAYMENT, WOPC

4/6/2010

PROJECT

| UONS - ER T

SITE #

\ 14 \

SITE NAME

MONTGOMERY SLOUGH EMB

POOL

MONTGOMERY

RIVERMILE

31.0-31.9R

DESCRIPTION

EMBAYMENT

RESTORATION MEASURE

NONE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TREATMENT AREA (ACRES)

23.57

HSIVARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, =PERCENT COVER (VEGETATION, BRUSH, DEBRIS, STANDING
TIMBER, ETC.) DURING SUMMER WITHIN RIVERINE POOLS AND
LACUSTRINE LITTORAL AREAS (ADULT, FRY, JUVENILE, EMBRYO)

5.00%

0.30

5.00%

0.30

10.00%

0.50

15.00%

0.70

V, = PERCENT LITTORAL AREA

20.00%

1.00

20.00%

1.00

20.00%

1.00

20.00%

1.00

Vs = pH RANGE DURING YEAR

A

1.00

A

1.00

A

1.00

A

1.00

Vs = AVERAGE WATER TEMPERATURE WITHIN EPILIMNION (L) OR
WITHIN POOLS OR BACKWATERS (R) DURING MIDSUMMER (JULY,
AUGUST) (ADULT, JUVENILE)

29°C

0.30

29°C

0.30

29°C

0.30

29°C

0.30

V; = AVERAGE WATER TEMPERATURE WITHIN LITTORAL AREAS (L) OR
IN POOLS OR BACKWATERS (R) DURING MIDSUMMER (FRY)

29°C

0.00

29°C

0.00

29°C

0.00

29°C

0.00

Vs = AVERAGE TEMPERATURE WITHIN LITTORAL AREAS DURING
SPAWNING (MARCH TO JULY) (EMBRYO)

20°C

1.00

20°C

1.00

20°C

1.00

20°C

1.00

Vg = MINIMUM DISSOLVED OXYGEN LEVELS DURING MIDSUMMER
(ADULT, FRY, JUVENILE)

1.00

1.00

1.00

1.00

V30 = DISSOLVED OXYGEN LEVELS WITHIN LITTORAL AREAS (L) OR
BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO)

1.00

1.00

1.00

1.00

V11 = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER (MAY
TO AUGUST)

ESTIMATED

50 JTU

1.00

50JTU

1.00

50 JTU

1.00

50JTU

1.00

V;3 = AVERAGE TDS DURING MIDSUMMER

ESTIMATED

150

1.00

150

1.00

150

1.00

150

1.00

WHITE CRAPPIE LACUSTRINE HSI MODEL

INITIAL

5 YEAR

25 YEAR

50 YEAR

FOOD

Av Annual

1.00

1.00

1.00

1.00

COVER

WATER QUALITY

CC = (Va2 x Vi)

Vs + 2[(Vs x

1/2

0.55

0.55

0.71

0.84

"arw)lfz] 2V + Wy,

0.67

0.67

0.67

0.67

[

REPRODUCTION

CR = (V, x Vy x Ve x Vy,?)

1/6

HSI DETERMINATION

HST = (Cp x CC
|

1/6

2 2z
X CWQ X CR )
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BLUEGILL

MONTGOMERY SLOUGH EMBAYMENT, OPTION 1

PROJECT

| UONS —ER |

SITE #

[ 14

SITE NAME

MONTGOMERY SLOUGH EMB

POOL

ONTGOMERY

RIVERMILE

31.0-31.9R |

DESCRIPTION

EMBAYMENT

RESTORATION MEASURE

LWD

OPTION

1

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

TREATMENT AREA (ACRES)

23.57

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = PERCENT COVER (E.G., LOGS, BRUSH,
AND DEBRIS) WITHIN LITTORAL AREAS
DURING SUMMER

25.00%

25.00%

25.00%

25.00%

V3 = PERCENT COVER (AQUATIC
VEGETATION, SUBMERSED, DENSE
STANDS, FINELY DIVIDED LEAVES

10.00%

15.00%

1.00

20.00%

1.00

30.00%

1.00

V, = PERCENT LITTORAL AREA DURING
SUMMER STRATIFICATION

20.00%

0.50

20.00%

0.50

20.00%

0.50

20.00%

0.50

Vs = AVERAGE TDS LEVEL DURING
GROWING SEASON

150

1.00

150

1.00

150

1.00

150

1.00

Vs = MAXIMUM MONTHLY AVERAGE
TURBIDITY DURING AVERAGE SUMMER
FLOW OR SUMMER STRATIFICATION

50

1.00

50

1.00

50

1.00

50

1.00

V7 = pH RANGE DURING GROWING SEASON

1.00

1.00

1.00

1.00

Vg = MINIMUM DISSOLVED OXYGEN RANGE
DURING SUMMER

1.00

1.00

1.00

1.00

V10 = MAXIMUM MIDSUMMER
TEMPERATUREWITHIN POOLS OR LITTORAL
AREAS (ADULTS)

27°C

1.00

27°C

1.00

27°C

1.00

27°C

1.00

V1, = AVERAGE OF MEAN WEEKLY WATER
TEMPERATURE WITHIN POOLS OR
LITTORAL AREAS DURING SPAWNING
(EMBRYO)

24°C

1.00

24°C

1.00

24°C

1.00

24°C

1.00

V1, = MAXIMUM EARLY SUMMER
TEMPERATURE WITHIN POOLS OR
LITTORAL AREAS (FRY)

27°C

27°C

27°C

27°C

Vi3 = MAXIMUM MIDSUMMER
TEMPERATURE WITHIN POOLS OR
LITTORAL AREAS (JUVENILE)

V9 = RESERVOIR DRAWDOWN DURING
SPAWNING (EMBRYO)

V 2 = SUBSTRATE COMPOSITION WITHIN
POOLS OR LITTORAL AREAS DURING
SPAWNING (EMBRYO)

1.00

1.00

1.00

1.00

BLUEGILL LACUSTRINE HSI MODEL

INITIAL

5 YEAR

25 YEAR

50 YEAR

AV ANNUAL

FOOD C

F=[?;xU;xV5xVﬂ1M

0.91

1.00

1.00

1.00

Il
COVER C

c- (Vo x Vy x Vuz)lfq

0.65

0.71

0.71

0.71

WATER QUALITY E

Vot ot 2y 0 2V x Vg x 1))

mn

1.00

1.00

1.00

1.00

REPRODUCTION

1.00

1.00

1.00

1.00

HSI DETERMINATION

0.90

0.93

0.93

0.93

0.93

Page 1
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LARGEMOUTH BASS

MONTGOMERY SLOUGH EMBAYMENT, OPTION 2

[PROJECT

| UONS —ER]

SITE #

14|

SITE NAME

MONTGOMERY SLOUGH EMB

POOL

MONTGOMERY

RIVERMILE

[ 31.031.9R |

DESCRIPTION

EMBAYMENT

RESTORATION MEASURE

WD+ VERNAL

OPTION

2

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

682

 TREATMENT AREA (ACRES)

23.57

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V, = PERCENT LACUSTRINE AREA <6 M
DEPTH

100.00%

0.70

100.00%

0.70

100.00%

0.70

100.00%

0.70

Vs = PERCENT BOTTOM COVER WITHIN
POOLS, BACKWATERS, OR LITTORAL
[AREAS DURING SUMMER (ADULT,

[ JUVENILE)

25.00%

25.00%

25.00%

25.00%

|V, = PERCENT BOTTOM COVER WITHIN
POOLS, BACKWATERS, OR LITTORAL
[AREAS DURING SUMMER (FRY)

25.00%

0.75

25.00%

0.75

25.00%

0.75

25.00%

0.75

Vs = AVERAGE TDS CONC. DURING
GROWING SEASON WHEN CARBONATE-|
BICARBONATE > SULFATE-CHLORIDE
CONC.

150

150

150

150

Vs = MINIMUM DISSOLVED OXYGEN
LEVELS DURING MIDSUMMER WITHIN
POOLS OR LITTORAL AREAS

V; = pH RANGE DURING GROWING
|sEason

Vg = AVERAGE WATER TEMPERATURE
WITHIN POOLS, BACKWATERS, OR
LITTORAL AREAS DURING THE
GROWING SEASON (ADULT, JUVENILE)

27°C

27°C

27°C

27°C

Vs = AVERAGE WEEKLY MEAN

[ TEMPERATRE WITHIN POOLS OR
LITTORAL AREAS DURING SPAWNING
AND INCUBATION (EMBRYO)

20°C

20°C

20°C

20°C

V1o = AVERAGE WATER TEMPERATURE
[WITHIN POOLS, BACKWATERS, OR
LITTORAL AREAS DURING THE
GROWING SEASON (FRY)

27°C

27°C

1.00

27°C

27°C

1.00

V1, = MAXIMUM MONTHLY AVERAGE
 TURBIDITY (SUSPENDED SOLIDS)
DURING GROWING SEASON

V1, = MAXIMUM SALINITY DURING
SUMMER (ADULT, JUVENILE)

V13 = MAXIMUM SALINITY DURING
SUMMER (FRY)

V1, = MAXIMUM SALINITY DURING
SPAWNING AND INCUBATION (EMBRYO)

V15 = SUBSTRATE COMPOSITION
[WITHIN LITTORAL AREAS (EMBRYO)

V1 = AVERAGE WATER LEVEL
FLUCTUATION DURING GROWING
|SEASON (ADULT, JUVENILE)

1.00

1.00

V17 = MAXIMUM WATER LEVEL
FLUCTUATION DURING SPAWNING
(EMBRYO)

V15 = AVERAGE WATER LEVEL
FLUCTUATION DURING GROWING
|SEASON (FRY)

1.00

1.00

LARGEMOUTH BASS LACUSTRINE HSI M

ODEL

INITAL

25 YEAR

50 YEAR

AV ANNUAL|

FOOD

1.00

1.00

1.00

COVER!

WATER QUALITY

REPRODUCTION

0.87.

0.87

0.87.

0.87

HSI DETERMINATION

Page |
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CHANNEL CATFISH

SITE 16, PHYLLIS ISLAND, WOPC

4/6/2010

PROJECT | UONS —ER |
SITE # 13

SITE NAME PHYLLIS ISLAND
POOL NEW CUMBERLAND
RIVERMILE | 350357 |
DESCRIPTION | erT |

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

664.5

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2900

TREATMENT AREA (ACRES)

16.64

POOL AREA (ACRES)

0.00

STONE AREA (ACRES)

0.00

VEGETATION AREA (ACRES)

0.00

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = PERCENT POOLS DURING AVERAGE SUMMER FLOW

0.00%

0.20

0.00%

0.20

0.00%

0.20

0.00%

0.20

V, = PERCENT COVER (LOGS, BOULDERS, CAVITIES, BRUSH, DEBRIS, OR
STANDING TIMBER DURING SUMMER WITHIN POOLS, BACKWATER AREAS,
AND LITTORAL AREAS

0.00%

0.10

0.00%

0.10

0.00%

0.10

0.00%

0.10

V, = FOOD PRODUCTION POTENTIAL IN RIVER BY SUBSTRATE TYPE
PRESENT DURING AVERAGE SUMMER FLOW

GRAPH

c

c

Vs = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (ADULT)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V; = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER

ESTIMATED

0.80

0.80

0.80

0.80

Vg = AVERAGE MINIMUM DISSOLVED OXYGEN LEVELS WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS DURING MIDSUMMER

ESTIMATED

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

Vo = MAXIMUM SALINITY DURING SUMMER (ADULT)

ESTIMATED

1.00

1.00

1.00

1.00

V10 = AVERAGE WATER TEMPERATURES WITHIN POOLS, BACKWATERS,
AND LITTORAL AREAS DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V11 = MAXIMUM SALINITY DURING SPAWNING AND EMBRYO
DEVELOPMENT (EMBRYO)

ESTIMATED

V1, = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

BACKWATERS, OR LITTORAL AREAS (FRY)
V13 = MAXIMUM SALINITY DURING SUMMER (FRY, JUVENILE)

ESTIMATED |

1.00

1.00

1.00

1.00

V14 = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (JUVENILE)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

V15 = AVERAGE CURRENT VELOCITY IN COVER AREAS DURING AVERAGE
SUMMER FLOW

ESTIMATED

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40

25.5 cms

0.40
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CHANNEL CATFISH SITE 16, PHYLLIS ISLAND, WOPC 4/6/2010

CHANNEL CATFISH RIVERINE HSI MODEL U + V INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
2 &

FOOD F 2 0.30 0.30 0.30 0.30

COVER CE = (1'11 X Uz x U]s)1/3 0.20 0.20 0.20 0.20

WATER QUALITY '.\'0 7 0.94 0.94 0.94 0.94

: ERPRTIFRNTI. 1
REPRODUCTION [:R - (Ul b ll'rz X ]‘[3 X lu[ll! X u‘.l) 0.45 0.45 0.45 0.45

HSI DETERMINATION 0.47 0.47 0.47 0.47 0.47|
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RIPARIAN - ISLAND SITE 16, PHYLLIS ISLAND, OPTION S&M 4/6/2010
PROJECT UONS —ER
SITE # 16
SITE NAME PHYLLIS ISLAND
POOL NEW CUMBERLAND
RIVERMILE 35.0-35.7
DESCRIPTION FSD - CHANNEL SIDE OF ISLAND
RESTORATION MEASURE FORESHORE DIKE
ATTRIBUTES:
RIPARIAN ZONE LENGTH (FEET) 4013
RIPARIAN ZONE WIDTH (FEET) 30
SHORELINE RIPARIAN AREA (ACRES) 2.76
ISLAND AREA (ACRES) | 21.00
TOTAL RIPARIAN AREA (ACRES) 23.76
SIVALUES |LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15
SF FACTOR
WOPC 4 4 4 4
WPC 5 5 5 5
SOUs
WOPC 95.0550964 95.0550964 95.0550964 95.0550964 95.06
WPC 118.818871 237.637741 356.456612 594.094353 374.28
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SMALLMOUTH BASS

SITE 16, PHYLLIS ISLAND, WPC

4/6/2010

PROJECT

UONS - ER

SITE #

13

SITE NAME

PHYLLIS ISLAND

POOL

NEW CUMBERLAND

RIVERMILE

35.0-35.7

DESCRIPTION

LEFT

RESTORATION MEASURE

FORESHORE DIKE

OPTION

wWPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

664.5

TOP OF DIKE ELEV (MSL)

665.5

DIKE SLOPE

2H:1V

LENGTH OF DIKE FIELD (FEET)

2700

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2900

TREATMENT AREA (ACRES)

16.64

POOL AREA (ACRES)

3.87

STONE AREA (ACRES)

217

VEGETATION AREA (ACRES)

3.17

HSIVARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = DOMINANT SUBSTRATE TYPE WITHIN POOL,
BACKWATER (R) OR SHOAL AREA (L)

GRAPH

o}

1.00

[

1.00

o}

1.00

[

1.00

V, = PERCENT POOLS

23.25%

0.45

23.25%

0.45

23.25%

0.45

23.25%

0.45

V, = AVERAGE DEPTH OF POOLS DURING
MIDSUMMER

076 M

0.76

0.76 M

0.76

076 M

0.76

0.76 M

0.76

Vs = PERCENT COVER IN THE FORM OF
BOULDERS, STUMPS, DEAD TREES, AND
CREVICES (ADULTS) OR VEGETATION AND ROCKS
(FRY)

13.04%

0.20

22.56%

0.40

32.08%

0.65

32.08%

0.65

Ve = AVERAGE pH LEVEL DURING THE YEAR

WQ DATA

7.7

0.95

7.7

0.95

7.7

0.95

7.7

0.95

Vg = MINIMUM DISSOLVED OXYGEN LEVEL
THROUGHOUT THE YEAR

WQ DATA

7.0

7.0

7.0

7.0

Vg = MAXIMUM MONTHLY AVERAGE TURBIDITY
LEVEL DURING THE SUMMER

WQ DATA

40JTU

40 JTU

40JTU

40 JTU

V10 = WATER TEMPERATURE IN SELECTED
HABITAT DURING THE GROWING SEASON (MAY TO
OCTOBER) (ADULTS)

WQ DATA

V11 = WATER TEMPERATURE IN SELECTED
HABITAT DURING SPAWNING AND FOR 45 DAYS
AFTERWARDS

WQ DATA

175

1.00

175

1.00

175

1.00

175

1.00

Vi, = WATER TEMPERATURE IN SELECTED
HABITAT DURING THE GROWING SEASON (MAY TO
OCTOBER) (FRY)

WQ DATA

25.0

1.00

25.0

1.00

25.0

1.00

25.0

1.00

V13= WATER TEMPERATURE IN SELECTED
HABITAT DURING THE GROWING SEASON (MAY TO
OCTOBER) (JUVENILE)

WQ DATA

V14 = WATER LEVEL FLUCTUATIONS DURING
SPAWNING AND FOR 45 DAYS AFTER SPAWNING

V15 = STREAM GRADIENT WITHINREPRESENTATIVE
REACH

Page 1




SMALLMOUTH BASS

SITE 16, PHYLLIS ISLAND, WPC

4/6/2010

SMALLMOUTH BASS RIVERINE HSI MODEL | ‘ INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
Food ECF).
Cr = (Vs x ¥y x U)Y3
FOOD ) 045 056 0.66 0.66
Cover (CC).
+ +
COVER Ce - Vit VetV Vs 0.60 0.65 072 072
7
Water Quality Etw].
1"
o Vet 2 [ Vg Wy
WATER QUALITY Ggem 't [; it nls) ] 0.97 0.97 0.97 0.97
| |
Repreduction I{Ca}l.
REPRODUCTION ':u E “I__:: ¥ |‘-:. ' |‘; X |||‘ 1 \Il il 4 0.20 0.39 0.64 0.64
.
Other (CDT) .
OTHER 02 02 02 02
Cor = Vas
[
|
HSI DETERMINATION HST = (Cox Cox Con x Gy x C '}L’a 0.40 0.49 057 057 0.54)
F28C™"wg ™ RO
| | |
! | !
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WHITE CRAPPIE

SITE 16, PHYLLIS ISLAND, WPC

4/6/2010

PROJECT

UONS - ER

SITE #

13

SITE NAME

PHYLLIS ISLAND

POOL

NEW CUMBERLAND

RIVERMILE

35.0-35.7

DESCRIPTION

LEFT

RESTORATION MEASURE

FORESHORE DIKE

OPTION

wWPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

664.5

TOP OF DIKE ELEV (MSL)

666.5

DIKE SLOPE

2H:1V

LENGTH OF DIKE FIELD (FEET)

2700

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

2900

TREATMENT AREA (ACRES)

16.64

POOL AREA (ACRES)

3.87

STONE AREA (ACRES)

217

VEGETATION AREA (ACRES)

3.17

HSIVARIABLES:

INITIAL SCORE 5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = STREAM GRADIENT WITHIN STUDY AREA

ORSANCO
POOL
REPORT

0.00% 1.00 0.00%

1.00

0.00%

1.00

0.00%

1.00

V, = PERCENT COVER (VEGETATION, BRUSH,
DEBRIS, STANDING TIMBER, ETC.) DURING
SUMMER WITHIN RIVERINE POOLS, AND
LACUSTRINE LITTORAL AREAS (ADULT, FRY,
JUVENILE, EMBRYO)

0.00% 0.20 9.52%

0.55

19.05%

0.95

19.05%

0.95

V3 = PERCENT POOLS, OVERFLOW AREAS, OR
BACKWATERS DURING AVERAGE SUMMER FLOW

23.25% 0.60 23.25%

0.60

23.25%

0.60

23.25%

0.60

Vs = pH RANGE DURING YEAR

GRAPH

A 1.00 A

1.00

A

1.00

A

1.00

Vs = AVERAGE WATER TEMPERATURE WITHIN
EPILIMNION (L) OR WITHIN POOLS OR
BACKWATERS (R) DURING MIDSUMMER (JULY,
AUGUST) (ADULT, JUVENILE)

ORSANCO 305b

25.6°C 1.00 26.7°C

1.00

26.7°C

1.00

26.7°C

1.00

V; = AVERAGE WATER TEMPERATURE WITHIN
LITTORAL AREAS (L) OR IN POOLS OR
BACKWATERS (R) DURING MIDSUMMER (FRY)

ORSANCO 305b

25.6°C 0.95 26.7°C

26.7°C

26.7°C

Vs = AVERAGE TEMPERATURE WITHIN LITTORAL
AREAS (L) OR BACKWATERS (R) DURING
SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

175 1.00 175

175

175

Vg = MINIMUM DISSOLVED OXYGEN LEVELS
DURING MIDSUMMER (ADULT, FRY, JUVENILE)

ORSANCO 305b

V0 = DISSOLVED OXYGEN LEVELS WITHIN
LITTORAL AREAS (L) OR BACKWATERS (R) DURING
SPAWNING (MARCH TO JULY) (EMBRYO)

ORSANCO 305b

V1; = MAXIMUM MONTHLY AVERAGE TURBIDITY
DURING SUMMER (MAY TO AUGUST)

ESTIMATED

40JTU 1.00 40 JTU

40JTU

40 JTU

V1, = AVERAGE CURRENT VELOCITY WITHIN
POOLS AT 0.6 DEPTH DURING AVERAGE SUMMER
FLOW (MAY TO AUGUST)

ESTIMATED

3cms 1.00 3cms

1.00

3cms

1.00

3cms

1.00

Page 1



WHITE CRAPPIE SITE 16, PHYLLIS ISLAND, WPC 4/6/2010

WHITE CRAPPIE RIVERINE HSI MODEL I } INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
- 1/2
FOOD - COVER CF ¢ (V, x V,} 0.35 0.57 0.75 0.75
i i
WATER QUALITY Ve + 200V x V)2 w2y, vy 0.99 0.98 0.98 0.98
L3 L . T k] LERY
Cwg = % -
| | |
[ \ \
/b
_ 2y y
REPRODUCTION CR “'Il X u! X ]'[l b Uw ) 0.70 0.83 0.91 0.91
| | |
T T T
1/2
OTHER COT = ( Vi x Vyiz) 1.00 1.00 1.00 1.00
| | |
| | |
I I I
- ot 1/5
HSI DETERMINATION HSI = (EF[: X LW X ER X CUT) 0.75 0.86 0.92 0.92 0.90)

Page 2



CHANNEL CATFISH

SITE 18, GEORGETOWN ISLAND, WOPC

4/6/2010

PROJECT

| UONS -ER |

SITE #

18

SITE NAME

GEORGETOWN ISLAND

POOL

NEW CUMBERLAND

RIVERMILE

[ 375378 |

DESCRIPTION

[ RIGHT |

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

664.5

TOP OF DIKE ELEV (MSL)

AV DISTANCE FROM SHORELINE TO CL OF DIKE (FEET)

0

DIKE SLOPE

NA

AV DEPTH INSIDE TOE (FEET)

0

AV DEPTH OUTSIDE TOE ( FEET)

]

LENGTH OF DIKE FIELD (FEET)

0

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

1400

AV DISTANCE SHORELINE TO INSIDE TOE (FEET)

]

AV DISTANCE SHORELINE TO OUTSIDE TOE (FEET)

0

TREATMENT AREA (ACRES)

8.0348944

POOL AREA (ACRES)

0

STONE AREA (ACRES)

VEGETATION ZONE (DISTANCE (FEET) FROM SHORE TO 3 FOOT DEPTH)

VEGETATION AREA (ACRES)

]
0
]

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = PERCENT POOLS DURING AVERAGE SUMMER FLOW

0.00%

0.20

0.00%

0.20

0.00%

0.20

0.00%

0.20

V, = PERCENT COVER (LOGS, BOULDERS, CAVITIES, BRUSH, DEBRIS, OR
STANDING TIMBER DURING SUMMER WITHIN POOLS, BACKWATER AREAS,
AND LITTORAL AREAS

0.00%

0.00%

0.00%

0.00%

V, = FOOD PRODUCTION POTENTIAL IN RIVER BY SUBSTRATE TYPE
PRESENT DURING AVERAGE SUMMER FLOW

GRAPH

C

0.50

0.50

C

0.50

0.50

Vs = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

BACKWATERS, OR LITTORAL AREAS (ADULT)
V; = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER

ESTIMATED

0.80

0.80

0.80

0.80

Vg = AVERAGE MINIMUM DISSOLVED OXYGEN LEVELS WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS DURING MIDSUMMER

ESTIMATED

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

7 mg/l

1.00

Vo = MAXIMUM SALINITY DURING SUMMER (ADULT)

ESTIMATED

1.00

1.00

1.00

1.00

V10 = AVERAGE WATER TEMPERATURES WITHIN POOLS, BACKWATERS,
AND LITTORAL AREAS DURING SPAWNING AND EMBRYO DEVELOPMENT
(EMBRYO)

ORSANCO 305b

25.6°C

25.6°C

25.6°C

25.6°C

V11 = MAXIMUM SALINITY DURING SPAWNING AND EMBRYO
DEVELOPMENT (EMBRYO)

ESTIMATED

1.00

1.00

1.00

1.00

V1, = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (FRY)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V3 = MAXIMUM SALINITY DURING SUMMER (FRY, JUVENILE)

ESTIMATED |

1.00

1.00

1.00

1.00

V14 = AVERAGE MIDSUMMER WATER TEMPERATURE WITHIN POOLS,
BACKWATERS, OR LITTORAL AREAS (JUVENILE)

ORSANCO 305b

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

25.6°C

0.90

V15 = AVERAGE CURRENT VELOCITY IN COVER AREAS DURING AVERAGE
SUMMER FLOW

ESTIMATED

25.5 cms

25.5 cms

25.5 cms

25.5 cms

Page 1



CHANNEL CATFISH SITE 18, GEORGETOWN ISLAND, WOPC 4/6/2010
| |
CHANNEL CATFISH RIVERINE HSI MODEL V, + v, INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
- = -
FOOD F 2 0.30 0.30 0.30 0.30
| | |
COVER CE = (1'[1 X UE X U]E) 0.20 0.20 0.20 0.20
| | |
[ I [
Vg + Wy + V)
oo 3 W 2(V) + Wy 4 Ny,
WATER QUALITY Wy o 7 0.94 0.94 0.94 0.94
| | | |
| [ | | 3
- 1 - 2 1 8
REPRODUCTION [:R - (Ul b ll'rz X ]‘[3 X lu[ll! X u‘.l) i 0.45 0.45 0.45 0.45
- 2 241/6
HSI DETERMINATION HST = (Cp x C¢ x Cw® * Cr™) 0.47 0.47 0.47 0.47 0.47
L L L L
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RIPARIAN - ISLAND

SITE 18, GEORGETOWN ISLAND, OPTION S&M

4/6/2010

PROJECT | UONS — ER [
SITE # \ 8 |
SITE NAME GEORGETOWN ISLAND
POOL NEW CUMBERLAND
RIVERMILE 37.5-37.8
DESCRIPTION FSD - SHORELINE

RESTORATION MEASURE

FORESHORE DIKE, CHANNEL SIDE OF ISLAND

ATTRIBUTES:

RIPARIAN ZONE LENGTH (FEET) 1856
RIPARIAN ZONE WIDTH (FEET) 30
SHORELINE RIPARIAN AREA (ACRES) 1.28
ISLAND AREA (ACRES) | 4.14
TOTAL RIPARIAN AREA (ACRES) 5.42

SIVALUES |LRD SCALE INITIAL 5 YEAR 25 YEAR 50 YEAR AV ANNUAL
WOPC 1.00 1.00 1.00 1.00 1.00
WPC 1.00 2.00 3.00 5.00 3.15

SF FACTOR

WOPC 4 4 4 4

WPC 5 5 5 5

SOUs

WOPC 21.67 21.67 21.67 21.67 21.67
WPC 27.09 54.18 81.27 135.46 85.34

Page 1



WHITE CRAPPIE SITE 18, GEORGETOWN ISLAND, WOPC 4/6/2010

PROJECT | UONS —ER |

SITE # 18

SITE NAME GEORGETOWN ISLAND

POOL NEW CUMBERLAND

RIVERMILE | 37.537.8 |

DESCRIPTION | RIGHT |

RESTORATION MEASURE FORESHORE DIKE

OPTION WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL) 664.5

TOP OF DIKE ELEV (MSL) NA

DIKE SLOPE NA

LENGTH OF DIKE FIELD (FEET) NA

TREATMENT ZONE WIDTH (FEET) 250

TREATMENT ZONE LENGTH (FEET) 1848

TREATMENT AREA (ACRES) 10.61

POOL AREA (ACRES) 0.00

STONE AREA (ACRES) 0.00

VEGETATION AREA (ACRES) 0.00

HSI VARIABLES: INITIAL SCORE 5 YEAR SCORE 25 YEAR SCORE 50 YEAR SCORE
ORSANCO
POOL

V, = STREAM GRADIENT WITHIN STUDY AREA REPORT 0.00% 1.00 0.00% 1.00 0.00% 1.00 0.00% 1.00

V, = PERCENT COVER (VEGETATION, BRUSH, DEBRIS, STANDING TIMBER,

ETC.) DURING SUMMER WITHIN RIVERINE POOLS, AND LACUSTRINE

LITTORAL AREAS (ADULT, FRY, JUVENILE, EMBRYO) 0.00% 0.20 0.00% 0.20 0.00% 0.20 0.00% 0.20

V; = PERCENT POOLS, OVERFLOW AREAS, OR BACKWATERS DURING

AVERAGE SUMMER FLOW 0.00% 0.00 0.00% 0.00 0.00% 0.00 0.00% 0.00

V; = pH RANGE DURING YEAR GRAPH A 1.00 A 1.00 A 1.00 A 1.00

Ve = AVERAGE WATER TEMPERATURE WITHIN EPILIMNION (L) OR WITHIN
POOLS OR BACKWATERS (R) DURING MIDSUMMER (JULY, AUGUST)

(ADULT, JUVENILE) ORSANCO 305b 25.6°C 1.00 25.6°C 1.00 25.6°C 1.00 25.6°C 1.00
V; = AVERAGE WATER TEMPERATURE WITHIN LITTORAL AREAS (L) OR IN

POOLS OR BACKWATERS (R) DURING MIDSUMMER (FRY) ORSANCO 305b 25.6°C 0.95 25.6°C 0.95 25.6°C 0.95 25.6°C 0.95
Vg = AVERAGE TEMPERATURE WITHIN LITTORAL AREAS (L) OR

BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO) ORSANCO 305b 17.5 1.00 17.5 1.00 17.5 1.00 17.5 1.00
Vo = MINIMUM DISSOLVED OXYGEN LEVELS DURING MIDSUMMER (ADULT,

FRY, JUVENILE) ORSANCO 305b A 1.00 A 1.00 A 1.00 A 1.00
V10 = DISSOLVED OXYGEN LEVELS WITHIN LITTORAL AREAS (L) OR

BACKWATERS (R) DURING SPAWNING (MARCH TO JULY) (EMBRYO) ORSANCO 305b A 1.00 A 1.00 A 1.00 A 1.00
V11 = MAXIMUM MONTHLY AVERAGE TURBIDITY DURING SUMMER (MAY TO

AUGUST) ESTIMATED 40 JTU 1.00 40 JTU 1.00 40 JTU 1.00 40 JTU 1.00
V1, = AVERAGE CURRENT VELOCITY WITHIN POOLS AT 0.6 DEPTH DURING

AVERAGE SUMMER FLOW (MAY TO AUGUST) ESTIMATED 25.5 cms 0.70 25.5 cms 0.70 25.5 cms 0.70 25.5 cms 0.70

Page 1



WHITE CRAPPIE SITE 18, GEORGETOWN ISLAND, WOPC 4/6/2010
WHITE CRAPPIE RIVERINE HSI MODEL 1 ! 1 INITIAL 5 YEAR 25 YEAR 50 YEAR AV Annual
- 1/2
FOOD - COVER CF—C = (V2 x V3) 0.00 0.00 0.00 0.00
| ! |
WATER QUALITY Uy *+ 200V % -.rT}l-"Z] + 2, 4y, 0.99 0.99 0.99 0.99
s — -
Ui} ]
| | |
| [ |
I I I
REPRODUCTION C, = {'H' x V Vi x Vit 1/6
R = (Vo x W vy, ) 0.00 0.00 0.00 0.00
I I I
- 1/2
COT = (Vy x Vy2)
OTHER 0.84 0.84 0.84 0.84
HSI DETERMINATION HSI = {CFC ¥ Cm‘ x Cpx Em)l’fa 0.00 0.00 0.00 0.00 0.00)

Page 2



SMALLMOUTH BASS SITE 18, GEORGETOWN ISLAND, WOPC 4/6/2010
PROJECT | UONS —ER |
SITE # 18
SITE NAME GEORGETOWN ISLAND
POOL NEW CUMBERLAND
RIVERMILE [ 375378 |
DESCRIPTION | RIGHT |

RESTORATION MEASURE

FORESHORE DIKE

OPTION

WOPC

ATTRIBUTES:

NORMAL POOL ELEV (MSL)

664.5

TOP OF DIKE ELEV (MSL)

NA

DIKE SLOPE

NA

LENGTH OF DIKE FIELD (FEET)

NA

TREATMENT ZONE WIDTH (FEET)

250

TREATMENT ZONE LENGTH (FEET)

1848

TREATMENT AREA (ACRES)

10.61

POOL AREA (ACRES)

0.00

STONE AREA (ACRES)

0.00

VEGETATION AREA (ACRES)

0.00

HSI VARIABLES:

INITIAL

SCORE

5 YEAR

SCORE

25 YEAR

SCORE

50 YEAR

SCORE

V; = DOMINANT SUBSTRATE TYPE WITHIN POOL, BACKWATER (R) OR
SHOAL AREA (L)

GRAPH

C

1.00

1.00

C

1.00

C

1.00

V, = PERCENT POOLS

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

V, = AVERAGE DEPTH OF POOLS DURING MIDSUMMER

00M

0.00

0.0M

0.00

00M

0.00

0.0M

0.00

Vs = PERCENT COVER IN THE FORM OF BOULDERS, STUMPS, DEAD
TREES, AND CREVICES (ADULTS) OR VEGETATION AND ROCKS (FRY)

0.00%

0.00

0.00%

0.00

0.00%

0.00

0.00%

0.00

Vs = AVERAGE pH LEVEL DURING THE YEAR

WQ DATA

7.7

0.95

7.7

0.95

7.7

0.95

7.7

0.95

Vg = MINIMUM DISSOLVED OXYGEN LEVEL THROUGHOUT THE YEAR

WQ DATA

7.0

1.00

7.0

1.00

7.0

1.00

7.0

1.00

Vg = MAXIMUM MONTHLY AVERAGE TURBIDITY LEVEL DURING THE
SUMMER

WQ DATA

40JTU

40 JTU

40JTU

40 JTU

V10 = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (ADULTS)

WQ DATA

25.0

1.00

25.0

1.00

25.0

1.00

25.0

1.00

V11 = WATER TEMPERATURE IN SELECTED HABITAT DURING SPAWNING
AND FOR 45 DAYS AFTERWARDS

WQ DATA

1.00

1.00

1.00

1.00

V1, = WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (FRY)

WQ DATA

Vi3= WATER TEMPERATURE IN SELECTED HABITAT DURING THE
GROWING SEASON (MAY TO OCTOBER) (JUVENILE)

WQ DATA

1.00

1.00

1.00

1.00

V14, = WATER LEVEL FLUCTUATIONS DURING SPAWNING AND FOR 45 DAYS
AFTER SPAWNING

1.00

1.00

1.00

1.00

V;5 = STREAM GRADIENT WITHINREPRESENTATIVE REACH

0.20

0.20

0.20

0.20

Page 1



SMALLMOUTH BASS

SITE 18, GEORGETOWN ISLAND, WOPC

4/6/2010

| I | I
SMALLMOUTH BASS RIVERINE HSI MODEL | I | I INITIAL 5 YEAR 25 YEAR 50 YEAR Av Annual
Food (CF).
Cp= (Vo x Vs x V)3
FOOD 0.00 0.00 0.00 0.00
Cover (Cc).
Vy + ¥y + W, + ¥
COVER CC - z “ ® 0.25 0.25 0.25 0.25
7
Water Quality {tw).
13
Voo Uy # 0y + 2 [(Vye 8 Vag 2 Vas) )
WATER QUALITY P T_“_*__L wl 0.87 0.07 0.87 0.07
| | | |
Reproduction (:R]'
: . T
REPRODUCTION R TNTRTRT AT 0.00 0.00 0.00 0.00
. . .
lEJt.her‘ (COT_).
OTHER e aw 0.20 020 0.20 020
oT is
| | |
I | I
HSI DETERMINATION HST = (Coox Cpow Gy % € % C )1'Jr5 0.00 0.00 0.00 0.00 0.00
F C W0 R a7
| | | |
| | | |
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Enclosure 7
Cost Estimates of Ecosystem Restoration Alternatives and Options






UPPER OHIO (EDM) NAVIGATION - SUMMARY OF PRELIMINARY ALTERNATIVES

Site Location Description 1T Alternative Cost Real Estate Total Alternative Cost
1]

Site 5 - Option M Davis Island Site, Emsworth Pool Ohio River (RM) 4.3-5.2  Foreshore Dike Alternative il $ 5,606,719 $ 5,606,719
Site 10 - Option M Ambridge Site - Montgomery Pool Ohio River (RM) 17.7 - 18.0 iForeshore Dike Alternative W $ 2,138,331 $ 2,138,331
Site 11 - Gravel Bar Beaver Creek, Montgomery Pool Ohio River (RM) 25.5 Boulder Clusters Wil $ 1,127,771 $ 1,127,771
Site 13 - Option M Four-Mile Run Site - Montgomery Pool Ohio River (RM) 29.8-30.2 Foreshore Dike Alternative il $ 3,977,886 $ 3,977,886
Site 13 - Option S Four-Mile Run Site - Montgomery Pool Ohio River (RM) 29.8-30.2 Foreshore Dike Alternative Wil $ 315,861 $ 315,861
Site 14 - Aquatic Ecosystem Montgomery Slough Ohio River (RM) 31.5 Aquatic Habitat without Dredging I $ 331,094 | $ 240,000 | $ 571,094
Site 14 - Aquatic Ecosystem Montgomery Slough Ohio River (RM) 31.5 Aquatic Habitat with Dredging Wil $ 1,180,985 | $ 240,000 | $ 1,420,985
Site 16 - Option M Phyllis Island Site, New Cumberland Pool Ohio River (RM) 4.3-5.2  Foreshore Dike Alternative il $ 2,326,273 $ 2,326,273
Site 18 - Option M Georgetown Island Site, New Cumberland Pool Ohio River (RM) 37.5 - 35.8 :Foreshore Dike Alternative il $ 1,802,313 $ 1,802,313







Enclosure 8
Cultural Resources Report
[This enclosure (#8) is found in the Cultural Resources Appendix
to the Upper Ohio Navigation Study report]


conrad.e.weiser
Sticky Note
Accepted set by conrad.e.weiser

conrad.e.weiser
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MigrationConfirmed set by conrad.e.weiser

conrad.e.weiser
Sticky Note
Marked set by conrad.e.weiser

conrad.e.weiser
Typewritten Text

conrad.e.weiser
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