Lower Black River Ecological Restoration Master Plan
Draft of 1 October 2009

Lower Black River Ecological Restoration Master Plan

The long history of industrial, agricultural and urban uses to which
the Black River was subjected has left its mark. Like most rivers that
flow through or near the industrial heartland of the US, the Black
River has been subjected to a variety of uses. Rivers were suppliers
of water, agents of commerce but ultimately unfortunate receptors of
and conduits for wastes.

Forward

with new residential and commercial activity, and a thriving trail
system is bringing citizens to the banks of their river for leisure and
recreation. A tour boat sponsored by the Lorain Port Authority takes
residents and visitors for a new look at their river. Much progress has
been made. Contact advisories have been lifted; the status of one of
the 10 Beneficial Use Impairments has been upgraded. Herons,
eagles and other birds fly over the river, and live along its banks.
This plan is another vital step in the recovery of the Lower Black
River. It represents the work of multiple federal, state and local
agencies, and most importantly the government and citizens of
Lorain, Ohio. It is a stakeholder driven, collaborative effort to develop
a concise set of guidelines for the future ecological restoration of the
river.

The Black River was highly industrialized in the 1940s.

Our values and perceptions have changed over the years. We now
realize that healthy ecosystems are keys to our well-being, both
ecologically and economically. The pendulum has swung and we
now realize that unconstrained use of natural systems is clearly not
sustainable, and that economic growth and the preservation,
restoration and enhancement of our natural surroundings are not
mutually exclusive. Truly, we have come to know that healthy
economies and a healthy populace depend upon healthy
environments.
The city of Lorain, through which the lower portion of the Black River
flows, is a living example of people coming to this realization, and
acting on it. The city sees the Black River as its “Main Street” and as
key to its rebirth. Former abandoned industrial areas are alive today

The Black River is making great progress in its restoration due to a
new commitment to environmental restoration along its shores.
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Overall Purpose
US EPA lists 14 beneficial uses provided by surface waters like the
Black River. Of those 14 uses, the following 10 were originally listed
as impaired in the Black River:

This Ecological Restoration Master Plan is intended to define specific
actions to help restore ecological function, and thereby help
stimulate economic development, in the lower portion of the Black
River, in the city of Lorain, Ohio (See Figure 1.1 for a regional
location map). Inherent in this approach is an intention to address
and offer corrective measures for those Beneficial Use Impairments
related to aquatic and terrestrial habitat that lead to listing the Black
River watershed as an Area of Concern. The intent is to further the
United States Environmental Protection Agency (US EPA) goal of
de-listing this Area of Concern.

•
•
•
•
•
•
•
•
•
•

The Lower Black River Ecological Restoration Master Plan is
grounded in the principles of stakeholder collaboration and
participation. The vision and goals of the project were defined by a
team of local, state and federal (US EPA) representatives. A series
of workshops have provided opportunities for stakeholder input into
the master planning process. (See Appendix C for minutes and
participant list.)

Restrictions on fish and wildlife consumption.
Eutrophication or undesirable algae.
Restrictions on drinking water consumption, or taste and odor.
Degradation of fish and wildlife populations.
Beach closings.
Fish tumors or other deformities (in recovery as of 2004).
Degradation of aesthetics.
Degradation of benthos.
Restriction on dredging activities.
Loss of fish and wildlife habitat.

In 1984, concern over pollution loads in the river, and the resulting
damage to fish and other aquatic populations, led to the listing of the
Lower Black River as an AOC by the International Joint Commission
(IJC). Shortly after the Lower Black River was listed as an AOC, the
IJC expanded listing to the entire watershed, making the Black River
one of the few AOC’s that encompasses an entire watershed.

Two terms, Area of Concern (AOC) and Beneficial Use Impairment
(BUI), will be used throughout this plan. Great Lakes AOCs are
severely degraded geographic areas within the Great Lakes Basin.
They are defined by the US-Canada Great Lakes Water Quality
Agreement as “geographic areas that fail to meet the general or
specific objectives of the agreement where such failure has caused
or is likely to cause impairment of beneficial use of the area’s ability
to support aquatic life.” The US and Canadian governments have
identified 43 such areas; 26 in US waters, 17 in Canadian waters
(five are shared between US and Canada on connecting river
systems).

Clean up of the contaminated sediments in the Lower Black River
began in 1990. The Black River Remedial Action Plan (RAP) was
formed in 1991. The Ohio Environmental protection Agency (OEPA)
and others continued to study the river and intensive biological
surveys were conducted in 1992 and 1997.
The hard work carried out by the Black River RAP, the city and
Lorain County, and a wide variety of other agencies and public
groups, has resulted in improvements in the health of the Black
River. In 2004, the Ohio Department of Health lifted the contact
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advisory. Also in 2004, the US EPA and IJC re-designated the Fish
Tumors and Other Deformities use impairment status from Impaired
to In Recovery, a major achievement for this river.

•
•

It is important to note that impairment of the river occurred over time,
its restoration will take time as well. This document is intended to be
a “living plan,” one that can be revised and updated as restoration
activities are undertaken and natural system responses are
documented. This adaptive process will also need to take into
account revisions to goals and objectives, the identification of new or
increased threats and available resources.

•

•

•
Specific Components of the Master Plan
•

This plan defines a cohesive collection of recommended individual
restoration projects. Each individual project includes estimated costs
and expected outcomes of the restoration. Appropriate agencies and
organizations to implement the restoration are identified. The plan
provides a timeline of the restoration process, and includes a
process to measure success of the restoration actions, including
measurable benchmarks. Specific components of the plan include:
•
•
•

•
•

Statements of vision, goals and measurable objectives.
An ecological and cultural description of the sites designated for
restoration.
Descriptions and conceptual site plans illustrating ecological
restoration initiatives consistent with the conservation goals of
addressing the BUIs in the Black River AOC.
Descriptions and locations of potential reference ecosystems
along with information used to develop a ‘reference state.’
A description of how the proposed restoration initiatives will
integrate with regional landscape processes (energy flows,
nutrient cycling, wildlife movement, hydrologic flows and plant
succession).
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Regulatory permitting requirements.
An implementation strategy, phasing plan and a timeline for the
restoration process, allowing sufficient time for self-generating
ecological processes to resume.
A description of the ecological and institutional strategies that will
be required for the long-term protection and management of the
restored ecosystem.
A framework for performance standards, each with suitable
monitoring protocols, by which the project can be evaluated
within the trajectory selected as most desirable for its long-term
ecological goals and objectives.
A framework for ensuring that stakeholders are involved in the
continued development and management of the restoration
initiatives.
Planning level cost estimates for final design, implementation,
and management.
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Project Area
The Black River flows generally north through northeast Ohio to Lake
Erie. The river lies west of Cleveland and east of Sandusky, Ohio
and is one of a series of watersheds that drain generally north to
Lake Erie (Figure 1.1). A review of the existing conditions along the
river, and the history of the area that led to those conditions, is
presented in Appendix A.

FPO

The project area begins at the mouth of the Black River, and extends
upstream to the 31st Street Bridge (Figure 1.2), all within the city of
Lorain. The project area extends landward from the river bank to
encompass those properties that abut the Lower Black River.
Historically, the project area and the city of Lorain functioned as a
major manufacturing center in the Great Lakes region. Lorain was a
major industrial city whose landscape was dominated by steel mills,
rail hubs, and a busy industrial port. The past 30 years have led to a
dramatic decline in shipbuilding, auto assembly, and other major
manufacturing industries in the area.

Figure 1.1 - Regional Location Map.
NOTE: cleaner figure being prepared

There are approximately 1,800 acres in the project area. Almost
one-third of that total (576 acres) is publicly owned. Roughly 58
percent of the acreage is owned by companies engaged in
steelmaking, handling steelmaking by-products, or other heavy
industries.
The plan divides the lower Black River into three distinct sections,
based upon physical and land development characteristics along the
river (Figure 1.2). These sections were used to differentiate the
existing conditions along the river, and to begin to identify potential
solutions to the problems identified.
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Figure 1.2 - Project Area Sections and Landmarks.
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Section 1 (Figure 1.3) extends from the breakwall to the Henderson
Road Bridge, and is an industrial/urban river characterized by banks
made up of bulkheads and revetments. More than half of the
shoreline length is occupied by steel or concrete walls. Hard
structures will remain in this area, so restoration in this section will
entail retrofitting ecological functions where possible. Slightly more
than ¼ of the riverbank is in a semi-natural, recovering state (one
where little hard structure exists but where human modifications have
altered the shore and its plant community) or high quality natural state.
These few high quality areas are logical preservation candidates.
Table 1.1. Shoreline Summary - Section 1
Shoreline Type

Percent of Shoreline

Steel/Concrete Vertical Walls

64

Modified Rip-Rap Shore

8

Semi-Natural Recovering Shore

8

High Quality Natural Shore

20

The Erie Avenue Bridge lies near the mouth of the Black River in Section 1.

A major constraint on any restoration effort in the first section is the
active presence of the Black River ship channel. Federal ship channels
are simply “untouchable”, requiring an act of Congress required to alter
or encroach on one. This section has some economically sound
businesses, such as the Terminal Redimix cement operation located
downstream of the Norfolk and Western rail bridge. This operation
needs a link to the river in order to continue to receive its raw materials
by ship. Public and private investments have been made in this area,
including the Port Authority’s Black River Landing site, and Spitzer’s
Great Lakes Ltd. Harborwalk, a marina-based condominium community.
Any restoration activities in this section of the river must take into
account this existing development.
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Figure 1.3 - Section 1.
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Section 2 of the river (Figure 1.4) extends from the Henderson Road
Bridge to the west end of Monkey Island, and is characterized by
existing and abandoned industrial areas, slag piles, and areas where
economic recovery efforts and development have been underway. Only
19 percent of the bank is occupied by hard structure here. Just over half
of the bank length is modified by rip-rap, large rocks often used to armor
shorelines. A bit less than one-third of the bank length in Section 2 is in
semi-natural or high-quality natural cover.
Table 1.2. Shoreline Summary - Section 2
Shoreline Type

Percent of Shoreline

Steel/Concrete Vertical Walls

19

Modified Rip-Rap Shore

51

Semi-Natural Recovering Shore

18

High Quality Natural Shore

12

Section 2 of the river is characterized by active and abandoned industrial
sites.

A large proportion of the land in Section 2 is publicly held. The city of
Lorain owns most of the north shore, and has a large holding in part of
the former Republic Steel site on the south shore. This south shore site
is the proposed location for a new wastewater treatment plant for the
city. Some commercial development has occurred in the Colorado
Industrial Park and the Riverbend Commerce Park on the north shore,
and some of this development has included the construction of riparian
wetlands along the River. Other major constraints in this second section
include the bulk-headed docks at the Republic Steel site, and the ship
channel, which ends just upstream of the Turning Basin. This section is
home to large slag piles associated with the steelmaking operations
along the River. This is an area of maximum restoration, and also the
area where the greatest appropriate new development may occur.
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Figure 1.4 - Section 2.
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Section 3 (Figure 1.5) extends from the west end of Monkey Island to
the end of the project area at the 31st Street Bridge. The condition of
the river bank is essentially opposite that of the first section. Steel
and concrete walls occupy only 2 percent of the bank length. Some
74 percent of the bank is in a semi-natural or high quality state.
A large portion of this section is owned and managed by Lorain
County Metro Parks. These lands form the basis of what offers an
opportunity for additional preservation and restoration efforts in this
section. Other large tracts are privately held, some of these have
large slag piles. We consider this area to be a zone where actions
will focus on preservation, restoration where needed, and
appropriate development.
Table 1.3. Shoreline Summary - Section 3
Shoreline Type

Percent of Shoreline

Steel/Concrete Vertical Walls

2

Modified Rip-Rap Shore

24

Semi-Natural Recovering Shore

20

High Quality Natural Shore

24

Monkey Island, a higher quality natural area, lies at the west end of Section 3.

9

The Master Plan:
Process

Lower Black River Ecological Restoration Master Plan

Figure 1.5 - Section 3.
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−

Stakeholder Collaboration
•

The project team adopted a planning approach that is geared toward
the eventual adoption and shepherding of the plan by the city of
Lorain, in cooperation with the USEPA and other agencies. As such, it
was critical to first develop an advisory committee that would help
develop the plan, and work in partnership the city to adopt, implement
and manage the ecological restoration initiatives presented here.
The advisory committee consisted of people from the US EPA, Ohio
EPA and other state and local agencies, staff from the city of Lorain,
and URS Corporation. Committee participants included:
•

•

•

•

•

•

•
•

Kirby Date

Lorain County Community Development
− Dan Gouch
ODNR
− Phil Hillman, Div. of Wildllife
Ohio Sea Grant
− Dave Kelch

To date, three meetings have been held with the advisory committee.
In addition, the team held meetings with city leaders and with
individual property owners. A more detailed description of the
stakeholder involvement process appears in Appendices B and C.

City of Lorain:
− Corey Timko, Director, Utilities Department, City of Lorain
− Jan Mackert, Planner, City of Lorain
− Rick Novak, Director, Lorain Port Authority
USEPA
− Karen Rodriguez, USEPA Great Lakes
− Danielle Green, USEPA Great Lakes, Project Officer
− Anne Marie Vincent, Black River RAP Federal Liaison, U.S.
EPA - Cleveland Office
Ohio EPA
− Ted Conlin, Black River RAP State Coordinator, Ohio EPA
− Scott Winkler
URS Corporation
− Tom Denbow, Project Principal
− Greg Rhinehalt, Project Manager up to December 2008
− Jim Kooser, Project Manager after December 2008
− Roger Thoma, aquatic biologist
NOACA
− Andy Vidra
− Mary Wells
Cleveland State/Countryside Initiative

Establishing a Vision
The common vision shared by the participants in developing the plan
is a Black River that continues to revive and thrive, and a community
that renews itself and thrives along with it. It is the common goal of
all participants that the Black River will no longer be known as the
river of “fish tumors”, and that through its restoration, Lorain will no
longer be seen as a “rust belt” city.
The participants identified these qualities that a healthy Lower Black
River would exhibit:
• Potential ecosystem threats are eliminated or reduced.
• Self-sustaining natural communities are present.
• High quality, sensitive systems are protected.
• Critical parcels for development are maintained, and enhanced
ecological where possible.
• Development is channeled to those parcels where it is the most
appropriate.
• Appropriate areas for mitigation are created in the corridor.
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•
•
•

•
•
•

creation of natural landscapes along the river is the major step
involved in restoring the ecological health of the system. There is
substantial public property in the project area, meaning that the
city can quickly undertake projects to accomplish restoration
without acquisition of property or easement rights.

Characteristic assemblages of species and communities found in
the reference ecosystems are present.
Native species are maximized, invasive species are removed
wherever possible.
New development along the corridor incorporates Best
Management Practices (BMPs) to ensure that restoration
activities remain successful. BMPs are retrofitted onto existing
developed sites.
Habitat diversity is maximized.
Educational and volunteering opportunities are integrated.
A flexible restoration plan is allows the integration of new ideas
and stakeholders over time.

Goal 2-

On Private Property, Restore, Enhance and Protect
Ecological Habitats.

Restoring the ecological landscape is on the many acres of private
land along the river is crucial to restoring the health of the river. A
cleaner, healthier rover and riverfront will lead to healthier
ecosystems and enhanced property values.
Restoration,
enhancement and protection actions can be designed to meet
both the ecological and economic goals.

These guiding principles were used to set the goals and objectives
for restoration; to determine appropriate restoration actions, define
restoration “targets”, and to serve as benchmarks for determining the
success of restoration actions articulated in this plan.

Goal 3 - Ensure the Sustainability of the Plan Through Best
Management Practices, Easements and Education.

Restoration Goals
Long term protection is required to sustain the areas restored,
enhanced and preserved under this plan. Further, there are
logical steps that should be taken to ensure that run-off from
existing and new developments along the river do not override
the improvement provided in this plan. Another key to
sustaining the restored ecosystem functions will be an effective
program to monitor these areas after restoration activities.
Finally, public education and understanding is key to this effort.
Public education efforts have begun with the early stages of this
Plan development, and will continue.

The overall goal is to develop an Ecological Restoration Masterplan
for the Lower Black River that improves, preserves and restores
fishery health, aquatic and riparian habitat, and adjacent terrestrial
habitats in a way that is consistent with the community’s vision for
the area, including social and cultural interaction, recreational
access and use, development and public infrastructure. To
accomplish this, five specific goals have been developed:
Goal 1 - On Public Property, Restore, Enhance and Protect
Ecological Habitats.

Goal 4 - Implement the Ecological Restoration Plan in a way
that Complements the City of Lorain’s Economic
Development Objectives for Property Adjacent to
the Lower Black River.

Restoring the ecological landscape is crucial to capturing those
ecological functions that lie at the heart of restoration of the Lower
Black River Community. Cleanup, restoration, enhancement and
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improved habitat values. The components that are evaluated to
calculate an LQHEI score include:

A cleaner, healthier Black River will become a community asset that
encourages the development of new recreational resources, which in
turn will help retain and attract high quality, sustainable, industrial,
commercial, mixed use and residential development on select
properties adjacent to the river and throughout the city. Achievement
of this goal will result in an enhanced quality of life for all residents in
the greater Lorain community and it will increase both property and
income taxes within the city of Lorain.

Substrate: This is the material at the bottom of the river. The
highest score is given to substrates dominated by boulders (boulders
are defined as rocks greater than 256 millimeters (approximately 10
inches) diameter. These larger rocks and slabs provide places for
small fish to escape predators, and provide crevices for egg masses.
Lowest substrate scores are assigned to areas with silty or mucky
bottoms. Additional points are assigned for the origin and quality of
the substrate. A maximum of 20 points are possible for the substrate
component.

While these goals are laudable, they are not necessarily easy to
quantify. As such, there are challenges in developing definitive,
measurable targets for restoration.

Cover Types: This measure further defines the bottom condition by
describing and rating any additional features that may provide fish
habitat. The highest scores are given to areas that have natural
offshore sandbars or submerged aquatic vegetation. The amount of
cover is also rated. A maximum of 11 points are possible for the
cover types measure.

One quantitative mean of measuring success is to utilize the
Qualitative Habitat Evaluation Index (QHEI) developed by OEPA as
a method too assess habitat in Ohio streams. A modification of this
method designed to make it more suitable for use along lake shores
and in the lower portions of large rivers like the Black River, was
developed and provides a useful tool to assess the ecological
condition of the banks, and to set targets for restoration. The
Lake/Lacustuary Qualitative Habitat Evaluation Index (LQHEI)
assesses habitat components including substrate type and quality,
cover, shoreline morphology, quality of the riparian zone and degree
of bank erosion, presence and quality of aquatic vegetation,
presence and density of invasive species, and bottom slope and
depth. Each component is rated numerically. Table 1.4 shows the
LQHEI scores and component measures for each streambank
segment evaluated along the River. Scores for the segments are
shown on Figures 1.6 through 1.8.

Slope: Measured as the slope from the shoreline to the bottom
(slopes between 45 degrees and 90 rate the highest). A maximum
of six points are possible for the slope measure.
Depth: Average depth is measured at 5 places along the reach
being rated. Depths from 2 to 4 meters (6.6 to 13.1 feet) rate the
highest. A maximum of 4 points are possible for this measure.
Shoreline morphology: This component rates features of the
shoreline including sinuosity (a moderate sinuosity is best),
development (good development indicates a mix of deeper and
shallower areas), the extent of modification, and shoreline stability.
A maximum of 20 points are possible for this measure.

The LQHEI is designed as a tool to rate the habitat quality of portions
of shorelines. It can also serve as a guide to channel restoration
efforts toward those activities that are most likely to result in
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Riparian Zone and Bank Erosion: This component rates the width
and quality of the riparian zone. Highest scores are assigned to
riparian zones wider than 50 meters (roughly 164 feet) occupied by
forest, wetland or open lake. A maximum of 10 points are possible.
Aquatic Vegetation Quality: This component rates populations of
desirable aquatic vegetation, scored as 0 (absent or uncommon), 1
(few), 5 (common) or abundant (3). Points are subtracted for the
presence of populations of the invasive exotic species that are of
little benefit to wildlife, and which tend to overcome native plants.
Figures 1.6 through 1.8 show the LQHEI scores along the entire
project area. The highest habitat score (62) was achieved at the
wetland at the Henderson Road Bridge. The lowest score (11) was
found at the sheet pile wall at the mouth of the River. The LQHEI
scores not only give us an idea of the quality of aquatic habitat
throughout the site, they also serve to point out areas where habitat
can be improved. Further, by examining the component scores, we
can identify specific activities that will improve habitat in particular
locations.

The health of the fish population in the Black River has greatly improved.

The overall numeric goal for this Ecological Restoration Plan, and the
target established for the ecological restoration, is to raise the average
LQHEI score for the project area to 55, a 15.2 point increase over the
current score.
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Technical Methods to Identify and Prioritize Actions
Table 1.4 shows that scores for the substrate, cover and
vegetation measures all average less than half the possible
score. Of these three measures, substrate and vegetation
are the two that are the most easily manipulated and
improved. Cover may be improved as well, but in general
changes to the other two metrics are more easily achieved.

After setting goals, the next step was to identify actions that would
be undertaken to achieve the goals. We used the LQHEI scores
to identify areas of relatively good habitat, and areas that should
be preserved. We used the LQHEI to identify those areas with
rather low scores, indicating areas where improvements could be
made. Finally, we used the LQHEI scores to help identify actions
that could be undertaken in order to improve habitat at specific
sites.

It is not practicable to attempt to improve the scores for all
measures on a river segment as large as the lower portions
of the Black River.
For example, changing shoreline
morphology could certainly raise scores, but would in
general require substantial engineering and earth moving.
Some improvements can be made in altering the character
of portions of the riparian zone of the Black River, but it’s
neither possible nor in this case desirable to return the entire
stretch to native plant cover. Such an approach would not
meet the city’s economic goals.

1) Identify areas of relatively good habitat.
These are defined as areas with LQHEI scores of 45 or
greater, and are highlighted in tan in Table 1.4. Note that
improvements are still possible for sites in this category, but
compared to other reaches of the river these scored
comparatively high. Two areas, the current Fish Shelf at the
Black River Landing site, and the wetland at the Henderson
Road Bridge, will serve as reference condition sites for against
which other restored sites can be compared.

It is possible to see rather substantial increases in scores
with improvements to the substrate and vegetation
measures in particular. The mean scores for both of these
measures were less than half the maximum possible, so
there is much room for improvement, particularly in the
vegetation measures.
Further, improving these two
measures may be relatively easy, given that concrete rubble,
slag and other materials that could improve the bottom
substrate are readily available in the project area, and that
plants can be obtained and planted relatively inexpensively.

2) Identify those areas with very low scores.
These areas had LQHEI scores that had scores less than 17,
and are not highlighted in Table 1.4. Some of these sites can
be improved, but in some improvement opportunities may be
limited by land uses.
3)

Identify those measures that could be relatively easily
improved at specific sites.

15

The Master Plan:
Process

Lower Black River Ecological Restoration Master Plan

Figure 1.6 – LQHEI Scores for Section 1.
Each site is labeled with a site code (dashed number on top) and the LQHEI score.
Site codes are keyed to Table 1.5

Score > 45
45 - 28
Score < 28
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Figure 1.7 – LQHEI Scores for Section 2.

Score > 45

Each site is labeled with a site code (dashed number on top) and the LQHEI score.
Site codes are keyed to Table 1.5

45 - 28
Score < 28
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Figure 1.8 – LQHEI Scores for Section 3.
Each site is labeled with a site code (dashed number on top) and the LQHEI score.
Site codes are keyed to Table 1.5

Score > 45
45 - 28
Score < 28
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Table 1.4. LQHEI Scores for Segments of the Lower Black River. Tan shading indicates areas with the LQHEI scores in the highest third (> 45), blue
indicates sites with scores in the middle third (45-28) and no shading for the lowest third (<28). Asterisks show those items where the component score was less
than ½ the possible total, and indicate areas where improvements could be made. Site codes are used to identify stream bank reaches on Figure 1.5.
Site
Code

Site
Possible score

QHEI
score
110

20

20

6

4

20

Riparian
zone
10

57.5
16.5
56.5
55.5
43
43
45.5
15.5
14
26
18
58.5

20
*1
19
15
11
11
10
*1
*1
10
*0
19

11
*1
11
13
10
10
11.5
*1
*1
*2
*2
18

*2
*0
*2
*1
*2
*2
3
*0
*0
*0
*0
*1

3.5
3.5
3
2
3
3
2.5
3.5
2
2
4
2.5

11
*1
12
17
*7
*7
11
*4
*4
*6
*6
12

10
10
9.5
7.5
10
10
7.5
6
6
6
6
6

*0
*0
*0
*0
*0
*0
*0
*0
*0
*0
*0
*0

58
11
57
42.5
14
55
20.5
45
45
28.5

15
*0
17
*6
*0
7
*0
*8
*7
*9

18
*2
12
11
*2
14
*5
11
10
*5

*0
*0
*2
3
*0
3
*0
3
*0
*0

*1
2
2
3
2
3
4
2
*1
2

17
*4
15
14
*4
18
*4
12
17
9.5

6
*3
9
5.5
6
10
7.5
9
10
*3

*1
*0
*0
*0
*0
*0
*0
*0
*0
*0

37.5

8.2

8.4

1.2

2.6

10.0

7.5

0.0

Substrate

Cover

Slope

Depth

Shoreline

Vegetation
30

SECTION I
1-1
1-2
1-3
1-4
1-5
1-6
1-8
1-7
1-9
1-10
1-11
1-12
1-13
1-14
1-15
1-16
1-17
1-18
1-19
1-20
1-21
1-22

Breakwater East (center)
Bulkhead at CDF
Lake side CDF Shoreline
Beach, South Edge of CDF
Inner Breakwater
Detached Breakwater
West of Jackalopes
Small Boat Marina
Peninsula at River Mouth
East Erie Street Bridge
Erie Street Bridge to RR trestle
West Breakwater
Sand Accumulation Area between Power Plant
and Breakwater
Sheet Pilings at Mouth of River
Fish Shelf at Black River Landings
Upstream of Black River Station
Upstream of Rail Trestle
Downstream of Port Authority Boat Ramp
Boat Ramp and Upstream
Downstream of Cattail Stand
Downstream of Henderson Rd. Bridge
Henderson Rd. Bridge and Downstream
Average Score for Section 1
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Table 1.4, continued. LQHEI Scores for Segments of the Lower Black River. Green shading indicates areas with the LQHEI scores in the highest third (>
45), blue indicates sites with scores in the middle third (45-28) and gray the lowest third (<28). Asterisks show those items where the component score was less
than ½ the possible total, and indicate areas where improvements could be made. Site codes are used to identify stream bank reaches on Figure 1.5.
Site
Code

Site
Possible score

QHEI
score
110

Substrate
20

Cover
20

Slope
6

Depth
4

Shoreline
20

Riparian
zone
10

Vegetation
30

*1
*0
*1
*0
*0
3

*1
2
2
2
2
3

16.5
*4
11
19
19
16

10
6.5
6
10
8.5
10

*5
*0
*0
*0
*0
*0

SECTION 2
2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9

Upstream of Henderson Rd. Bridge
Gypsum Site
Colorado Industrial Park
Upstream of the Turning Basin
East Floodplain Site and adjacent to island
Wetland at Henderson Rd. Bridge
Upstream of Henderson Bridge, Downstream of Steel
Plant Dock
Steel Plant dock
Upstream of Steel Plant Dock

Average Score for Section 2
3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12

Downstream of the Colorado Ave. Marina
Colorado Ave. Marina
Upstream of Colorado Ave. Marina
Downstream of French Creek
Downstream 31st street Bridge to French Creek
Adjacent to Monkey Island
Monkey Island
Downstream of 31st Street Bridge
West shore Downstream of the Bike Path Trail
Slag area Upstream Colorado Ave. pond marina
East Floodplain Site and Area Adjacent to Monkey
Island
Adjacent to Monkey Island
Average Score for Section 3
Average Score for the Project Area

42.5
14.5
35
51
47.5
62

*6
*0
*6
*6
*6
19

13
*2
*9
14
12
11

33

*3

10

2

3

12

*3

*0

17.5
53

*3
6

*2
13

*0
*3

*1
2

*5
19

6.5
10

*0
*0

39.6
6.6
SECTION 3

9.1

1.1

1.9

12.9

8.4

0.7
*0
*0
*0
*0
*0
*0
*0
*0
*0
*0

34.5
33.5
47.5
44.75
46.5
47
52
40.75
43
38

*3
11
*6
*3
*6
*3
*6
*3
*6
*6

*6
*5
10
11
13
11
13
*8
10
10

*0
3
*1
*1
*0
*2
*1
*1
3
*2

2
3
2
2
2
3
2
*1
2
3

15
*7
19
19
20
20
20
19
18
12

8.5
*4.5
9.5
8.75
5.5
8
10
8.75
*4
5

47.5

*6

12

*0

2

19

8.5

*0

46
43.4
39.6

*6
5.4
7.2

11
10.0
8.9

*0
1.2
1.2

2
2.2
2.3

19
17.3
12.6

10
7.6
7.6

*-2
-0.2
0.1
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are summarized in Table 1.5.

Restoration Actions
Actions were selected that would lead to increases primarily in the
substrate and vegetation components of the LQHEI. We developed
three broad groups, and nine categories of actions to be undertaken
for this plan. These are:

There are a total of 43 locations where the actions are proposed.
The applicable rivers sections citations refer to the project area
sections illustrated in Figure 1.2. Implementation timelines are
stated in terms of years from completion and adoption of this plan,
thus items slated for year 1 would be accomplished within the first
year after the plan is adopted.

Group A, Restoration Actions
These are actions that involve the creation of new habitat, or the
major restoration of areas where habitat has been lost.
Action A1:
Install fish shelves to create fish habitat at feasible
locations.
Action A2:
Slag pile remediation
Action A3:
Wetland restoration and construction
Action A4:
Streambank stabilization
Action A5:
Slag pile stabilization
Action A6:
Bulkhead habitat

Actions were prioritized using a simple ranking system, which scored
potential actions in five categories. The final predicted LQHEI scores
for each action were divided into thirds, from highest to lowest.
Actions in the third, those with scores in the upper third of the range
of predicted LQHEI scores, were assigned 3 points. Those in the
middle third were assigned 2 points, those in the lower third 1 point.
Some actions, like the removal and control of invasive species, must
be accomplished before other actions.
Those actions that
ecologically should come first were assigned one point, actions that
could follow in virtually any order were assigned no points. Actions
situated on public lands can most likely be accomplished with greater
ease than those on private lands. Actions on public lands were
assigned two points. Those recommended for private property were
assigned one point. The cost of a potential action may play a factor
in its ranking. We divided the range of costs into quartiles, and
assigned four points to those actions in the lowest quarter, three
points to those in the second highest quarter, two to those in the third
highest quarter, and one point to those in the highest quarter.
Finally, we believed it necessary to express the difficulty inherent in
accomplishing the two actions related to slag piles. Both will require
extensive earthmoving, whether on private or public land. We
subtracted one point for slag pile remediation actions, and 2 points
for the slag pile stabilization actions, to help account for this difficulty.

Group B, Enhancement Actions
These are actions that enhance existing habitats and systems. They
tend to involve less earthmoving and other heavy construction than
the restoration actions.
Action B1:
Invasive species removal
Action B2:
Plant submerged aquatics and other plants
Action B3:
Install floating wetlands and fish baskets on a trial
basis
Group C, Protection Actions
Action C1:
Action C2:
Action C3:

Easement acquisition
Best management practices for developers
Suggested regulatory protections

Each action is described in some detail on the pages that follow.
Locations of proposed actions are shown in Figure 1.9. The actions
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Action A1:
Install Fish Shelves to Create Fish Habitat at
Feasible Locations.

Implementation Timeline: Year 1: A1-1. Year 2: A1-2, A1-3, A14, A1-5 Year 3: A1-6

Applicable River Sections: 1 and 2

Estimated Construction Costs: $100 to $250 per lineal foot.
Costs are largely driven by the availability of suitable material. If
rubble is available close by and at no cost, lower unit costs apply.

Goals Addressed: 1, 2, 3
Procedure: Install rock or concrete rubble to create shallow fish
habitat at feasible locations. The minimum effective size appears to
be on the order of 20 feet long by 20 feet wide. Water depths should
be six to eight feet. The shelves can be constructed of readily
available rubble; large piles of concrete rubble are available at east
end of Republic Steel site. Weathered, inert slag may also be an
appropriate material. Emergent and submerged aquatic vegetation
can be planted in the shelf, and on the slopes above the shelf.

Total Estimated Construction Costs: $87,200 to $1,656,600
Permitting Requirements:
Nationwide # 27 Restoration Permit,
submerged lands permit within Lake Erie Coastal Zone Management Area.
Implementation Requirements: Complete site designs, acquire
rubble and material for the shelves, acquire appropriate permits and
seek project funding. Note that these projects could serve as
mitigation for projects in the Black River Watershed that require
stream mitigation. At present, no stream mitigation banks exist
within the State. If sufficient permit demand exists, the 6,000 feet of
aquatic fish habitat shelf and associated stream side restoration
could form a sizable stream mitigation bank.

Reference Condition: Approximately 800 lineal feet of aquatic fish
shelf now exist just south of Black River Station. OEPA monitoring
has documented dramatic increases in fish populations and diversity
to “near exceptional” status. Fish populations on new fish shelves
will be compared to populations on this existing shelf. The predicted
LQHEI score for all fish shelves is 57.
Project Sites: A total of 7,820 feet of potential shoreline sites are
illustrated on Restoration Plan which are in public ownership, have
no land use conflicts, and which are outside the shipping channel.
Additional potential areas are in private ownership:
• A1-1: 539 feet, mouth of the River. $107,800.
Predicted LQHEI: 57
• A1-2: 1,900 feet, CDF wall. $380,000. Predicted LQHEI: 57
• A1-3: 436 feet, north of Trestle. $87.200. Predicted LQHEI: 57
• A1-4: 3,436 feet
$692,600, predicted LQHEI: 57.
• A1-5: 790 feet, south of Erie Bridge, $158,000.
Predicted LQHEI: 57
• A1-6: 1,155 feet, near Henderson Rd. Bridge, $231,000
Predicted LQHEI: 57

Black River aquatic shelf.
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Action A2: Slag Pile Remediation
•
Applicable River Sections: 1, 2, 3
•
Goals Addressed: 1, 2, 3

Predicted LQHEI: 58
A2-3: 1,934 feet downstream of the Henderson Road Bridge on
the east shore. $967,000 Predicted LQHEI: 58
A2-4: 4,660 feet along the Stein site at the southern end of the
project area. $2,330,000; Predicted LQHEI: 57.

Implementation Timeline: Year 1: A2-1. Year 3: A2-2, A2-3. Year
4: A2-4.

Procedure: Slag, a by-product of the steel making process that is
essentially a limestone-based rock, has been deposited over large
areas along the Lower Black River. In some areas this material
extends to the water’s edge and covers the original riparian area.
This action is designed to remove the slag within an area extending
100 feet from the waters edge. The removed slag could be sold as a
construction material, or moved and safely stockpiled for alter use on
the same property, or, if the material has weathered sufficiently, used
as a material to build rocky substrate for fish shelves and other
restoration activities. As long as no deposits are made within the
Ship Channel, the removed material could be deposited in the water
at the remediation site.
After the slag has been removed,
appropriate, clean soil should be placed and graded, and a native
plant community established. The end result is a 100 foot wide
swath of native riparian vegetation, replacing the generally barren
areas the slag now creates.

Estimated Construction Costs: $500 per lineal foot. The cost
assumes that the excavated material will not be trucked off site.
Costs also account for re-planting the riparian zone.
Total Estimated Construction Costs: $379,500 to $4,178,000.
Permitting Requirements: Nationwide # 27 Restoration Permit
may be required if the work extends below the Ordinary High Water
Mark. Submerged lands permit within Lake Erie Coastal Zone
Management Area for work below the water line.
Implementation Requirements: Permits, Funding. Note that
riparian restoration can be used as mitigation for projects in the
Black River Watershed.

Reference Condition: Lorain County Metropark’s French Creek
Reservation offers a very good reference area. Most banks in the
Park are stable and have intact riparian communities. Other intact
areas include the riparian zone upstream of the Colorado Avenue
Marina, the shoreline of Monkey Island, and shorelines parallel to the
Island.
Project Sites: A total of 8,356 feet of stream bank covered in slag
deposits could be repaired, stabilized and re-vegetated.
• A2-1: 759 feet at the proposed wastewater treatment plant site.
$379,500. Predicted LQHEI: 52
• A2-2: 1,003 feet at Stein property, downstream of the proposed
wastewater treatment plant site. $501,500.

Slag piles at the river’s edge.
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Action A3: Wetland Restoration and Construction

Implementation Timeline: Year 1: A3-1, A3-2. Year 3: A3-2,

Applicable River Sections: All

Estimated Costs: $60,000 per acre. These costs include the design
and construction of the wetland..

Goals Addressed: 1, 2, 3
Total Estimated Construction Costs: $660,000 to $4,410,000.
Procedure: The benefits associated with wetland restoration are
widely known. Wetlands perform a vast array of ecological functions,
such as nitrogen processing and biomass accumulation. These
functions lead to societal benefits that most recognize as values,
including providing wildlife habitat and filtering water. Many wetlands
have been removed over the long history of occupation in and
around the project area. This action would help reverse that trend.
Restoration can be accomplished by restoring hydrology to drained
or diked wetlands, removing invasive species, and establishing
native plant cover. Constructing wetlands where none exist now
requires data on hydrology and soils; the wetland ecologist designing
the constructed wetland must be sure that sufficient water can be
supplied, for an appropriate length of time, to establish and maintain
a healthy wetland plant community.

Permitting Requirements: A Section 404/401permit would be
required for restoration activities at the Henderson Bridge wetland.
The two wetland construction sites, A3-1 and A3-3, would require
permits only if grading activities occurred below the Ordinary High
Water Mark of the Black River, or if a grading impact occurred on
another water of the US.
Implementation Requirements: Acquisition of the two privately
owned properties would be required prior to construction. Design
work, particularly for the two constructed wetlands, would be
required. Funding could clearly come through applicants in need of
mitigation for activities in the Black River watershed.
Grant
programs for wetland restoration or creation are also available.

Reference Condition: Appropriate reference sites are at Old
Woman Creek and Sheldon’s Marsh, state nature preserves located
near Huron, Ohio.
Project Sites: A total of 74.7 acres of wetland restoration would be
protected through this action.
• A3-1: 12.7 acres at the proposed Commerce Park wetland.
$762,000. Predicted LQHEI: 80. (A conceptual design is shown
on the following page).
•

A3-2: 12 acres at the Henderson Bridge wetland. $720,000.
Predicted LQHEI: 95.

•

A3-3: 50 acres at the proposed wetland at the mouth of French
Creek. $2,988,000. Predicted LQHEI: 80.
Successful constructed wetland.
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Conceptual Design for Wetland A3-1
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Action A4: Stream Bank Stabilization
•
Applicable River Sections: 1, 2, 3
•
Goals Addressed: 1, 2, 3
•
Procedure: This action will create stable slopes at sites where
erosion has caused banks to slump and fail. It will restore natural
vegetation communities along the banks and in the adjacent
shallows in the River. A total of 17,963 feet of stream bank could be
repaired, stabilized and re-vegetated. Substrate can be improved at
these sites by depositing boulder and cobble sized slabs of concrete
or pieces of weathered slag at the toe of the bank slope.

•
•
•

French Creek. $104,125. Predicted LQHEI: 55.
A4-8: 1,859 feet at the proposed wastewater treatment plant site.
$232,375. Predicted LQHEI: 52
A4-9: 1,232 feet upstream of the southern rail trestle. $154,000.
Predicted LQHEI: 58.
A4-10: 1,357 feet upstream of the southern rail trestle.
$169,625. Predicted LQHEI: 62
A4-11: 1,156 feet at the Republic Steel site. $144,500.
Predicted LQHEI: 49
A4-12: 1,174 feet at Stein property, downstream of the proposed
wastewater treatment plant site. $146,750. Predicted LQHEI: 52
A4-13: 1,491 feet, downstream of Republic Steel docks.
$186,375. Predicted LQHEI: 51

Reference Condition: Lorain County Metropark’s French Creek
Reservation offers a very good reference area. Most banks in the
Park are stable and have intact riparian communities. Other intact
areas include the riparian zone upstream of the Colorado Avenue
Marina, the shoreline of Monkey Island, and shorelines parallel to the
Island.

Implementation Timeline: Year 1: A4-1, A4-2 Year 2:
through A4-7. Year 3: A4-8. Year 4: A4-9 through A4-13.

Project Sites: A total of 11,980 feet of stream bank could be
repaired, stabilized and re-vegetated.
• A4-1: 408 feet at the Riverbend Commerce Park. $51,000.
Predicted LQHEI: 48
• A4-2: 257 feet near the heron rookery. $32,125; Predicted
LQHEI: 53.
• A4-3: 262 feet downstream of the junction of French Creek and
the Black River. $32,750. Predicted LQHEI: 58
• A4-4: 700 feet at the downstream end of the Black River Station.
$87,500. Predicted LQHEI: 52.5
• A4-5: 534 feet at opposite the mouth of French Creek. $66,750.
Predicted LQHEI: 55.
• A4-6: 717 feet at the proposed wastewater treatment plant site.
$89,625. Predicted LQHEI: 52
• A4-7: 833 feet opposite from and downstream of the mouth of

Total Estimated Construction Costs: $32,125 to $1,497,500.

A4-3

Estimated Construction Costs: $125 per lineal foot. Includes
minor excavation with material deposited on-site, grading, and
planting with native species.

Permitting Requirements: Nationwide # 27 Restoration Permit
may be required if the work extends below the Ordinary High Water
Mark. Submerged lands permit within Lake Erie Coastal Zone
Management Area for work below the water line.
Implementation Requirements: Permits, Funding. Note that
riparian restoration can be used as mitigation for projects in the
Black River Watershed.
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Action A5: Slag Pile Stabilization

Total Estimated Construction Costs: $1,820,000 to $4,775,000

Applicable River Sections: 3

Permitting Requirements: Nationwide # 27 Restoration Permit
may be required if the work extends below the Ordinary High Water
Mark. Submerged lands permit within Lake Erie Coastal Zone
Management Area for work below the water line.

Goals Addressed: 1, 2, 3,
Procedure: Similar to Action 3, but over a much larger area. This
action will not be possible without close cooperation with the Stein
Corporation, the owner of the property. The slag on the site is a
marketable material, and the owner is currently selling slag and
looking for other buyers. As the slag is removed, opportunities for
restoration of the site will emerge. Revegetation this area with a
native plant community will provide habitat and reduce runoff into the
Black River. A mix of upland plant communities would be desirable to
provide additional cover type diversity in the Project Area.

Implementation Requirements: Landowner approval and permits,
funding. Note that riparian restoration can be used as mitigation for
projects in the Black River Watershed.

Reference Condition: Lorain County Metropark’s French Creek
Reservation offers a very good reference area. Most banks in the
Park are stable and have intact riparian communities. Other intact
areas include the riparian zone upstream of the Colorado Avenue
Marina, the shoreline of Monkey Island, and shorelines parallel to the
Island.
Project Sites: Some 40 acres could be restored to provide a
substantial block of habitat. Up to 105 acres of mostly upland
restoration might be possible.
Implementation Timeline: Year 5
Estimated Construction Costs: $45,500 per acre. The cost
assumes that the excavating some material, and that most of the
slag would have been removed through selling to customers. Costs
include replacing topsoil and developing a stable upland plant
community on the site. Costs do not include acquisition of the
property, which of course would be included.

Slag piles at the river’s edge.
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tied back and anchored to the shore, often to deadmen (concrete
blocks) buried in the ground to provide stabilizing mass.

Action A6: Bulkhead Habitat
Applicable River Sections: 1
Goals Addressed: 1, 3
Procedure: Steel bulkheads in the area offer virtually no shoreline
habitat. All the bullheaded areas scored quite low. This technique
would involve cutting existing bulkheads one to two feet below the
water line, and stepping them back some 20 feet, in essence
creating a fish shelf below the top of the bulkhead. A new bulkhead,
or more natural shore, could be installed at the landward side of the
20 foot wide area now exposed to water. The substrate in this area
should be boulder and cobble sized rock. Planting with submerged
aquatic vegetation would be desirable.
Reference Condition: This approach has been proposed for the
Cuyahoga, but to our knowledge has not been implemented.
Project Sites: Some 7,896 feet of steel bulkhead surrounds the
former pellet terminal, a facility that no longer serves as a bulk
transfer site.
Implementation Timeline: Year 5
Estimated Construction Costs: $1,500 per foot
Total Estimated Construction Costs: $11,844,000
Permitting Requirements: Nationwide # 27 Restoration Permit
may be required if the work extends below the Ordinary High Water
Mark. Submerged lands permit within Lake Erie Coastal Zone
Management Area for work below the water line.
Implementation Requirements: The structure and integrity of any
bulkhead would need to be investigated. Bulkheads are typ8ically

The bulkhead habitat concept.
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Implementation Timeline: All four areas should be treated in year
1. Most of these areas will be sites of other activities, and removal of
the invasive species will be a key to the success of subsequent
actions.

Action B1: Invasive Species Removal
Applicable River Sections: 1, 2
Goals Addressed: 1, 2, 3

Estimated Costs: $10,000 per acre.
Procedure: Several invasive plant species are found along the
Project Area. The most common wetland and aquatic invasives are
purple loosestrife, common reed and the non-native narrow-leaved
cattail.
European buckthorn is a non-native invasive shrub
commonly found in the area. Careful, controlled application of
appropriately labeled herbicides, the potential use of bio-control
agents (particularly for purple loosestrife) or construction measures
to eradicate invasive vegetation species such as purple loosestrife,
and common reed, should be undertaken. We assume that two
years of treatment may be required at most sites.

Total Estimated Construction Costs: $13,00 to $205,000.
Permitting Requirements: Permits may be required for the use of
herbicides near water.
Implementation Requirements: Funding. Note that efforts to
eradicate invasive species from existing wetlands may be used as
mitigation efforts for projects in the Black River watershed.

Reference Condition: Invasive species eradication has recently
been conducted at the East and West Floodplain Restoration sites of
the former Landfill property. As the eradication progresses, these
communities should serve as reference sites indicating the extent to
which invasives can be removed. Additional reference sites are at
Old Woman Creek and Sheldon’s Marsh, state nature preserves
located near Huron, Ohio.
Project Sites: A total of 20.5 acres should be treated to remove
invasive non-native plants.
• B1-1: 1.35 acres west of the Pellet terminal docks. $13,500.
Predicted LQHEI: 68.
•

B1-2: 1.86 acres at Monkey Island. $18,600.

•

B1-3: 11.42 acres at the proposed wetland restoration site at the
Commerce Park site. $114,200. Predicted LQHEI: 58

•

B1-4:. 5.87 acres at the Henderson Bridge wetland. $58,700.
Predicted LQHEI: 67

Common reed, an invasive plant found along the river.
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Action B2: Plant Submerged Aquatics and Other Plants
Permitting Requirements:
may be required.

Applicable River Sections: All

Nationwide # 27 Restoration Permit

Implementation Requirements:
Funding could come from
mitigation needs or from coastal restoration grants.

Goals Addressed: 1, 3
Procedure: Submerged aquatic plants such as water celery
(Vallisneria americana), pondweeds (Potamogeton) and others were
once abundant in shallow, protected areas along Lake Erie’s
shoreline. Rooted emergent species, such as lotus (Nelumbo lutea)
were also found. As sediment and nutrient levels increased, and
subsequently as water clarity decreased, populations of these
important plants began to dwindle. These species offer important
habitat for fish and other organisms. They also help process
nutrients and other pollutants. This action focuses on establishing a
healthy population of submerged and emergent wetland plants
behind the breakwall in front of the power plant.
Reference Condition: Appropriate reference sites are at Old
Woman Creek and Sheldon’s Marsh, state nature preserves located
near Huron, Ohio. Both are shallow coastal marshes protected by
barrier beaches. In this case, the breakwall serves as an analog for
the barrier beach.
Project Sites: A total of 12.2 acres of submerged and emergent
plantings could be accomplished at this site.
• B2-1: 12.2 acres near the power plant. $124,440. Predicted
LQHEI: 88

Floating aquatic plants add diversity and habitat to deeper areas.

Implementation Timeline: Year 2
Estimated Costs: $10,200 per acre. Costs include acquiring bare
root and other appropriate plant stock, and planting at a density of
approximately 3 foot on center.
Total Estimated Construction Costs: $124,440
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Action B3: Install Floating Wetlands and Fish Baskets on a Trial
Basis
Applicable River Sections: 1, 2

•

B3-3: 100 fish baskets installed on bulkhead at . $25,000.
Predicted LQHEI: 32

•

B3-4: 700 fish baskets installed on bulkhead at . $140,000
Predicted LQHEI: 32

Implementation Timeline: Year 1: B3-1; Year 2: B3-2, B3-3. Year
3: B3-5. Note that these are suggested as experimental treatments.

Goals Addressed: 1, 2, 3
Procedure: Purchase aquatic fish baskets and install on sheet pile
walls. Optimal quantity and spacing of baskets and groupings
require further testing. Initial recommendation is to install in 200’
groupings with groupings spaced 400’ apart, thereby equaling about
1/3 of sheet pile length. Purchase and anchor an experimental
floating wetland near the downstream end of Monkey Island. The
location would be visible from the boat tours the Port Authority
currently runs on the river. The wetland would be anchored to the
bottom, and removed during the winter. Native emergent and
floating-leaved species should be used to populate the wetland.
Note that this action is quite experimental, and that there was
substantial discussion regarding the merits of these techniques.
They are suggested here only as experimental measures, and
because the baskets in particular offer one of the very few solutions
for improving habitat, albeit in small pieces, along steel bulkheads.

Estimated Costs: $100/square foot for the floating wetland; $250
each for the baskets.
Total Estimated Costs: $25,000 to $319,440.
Permitting Requirements: Nationwide # 27 Restoration Permit
Implementation Requirements: Funding. Available sources could
include habitat restoration grants.

Reference Condition: Both techniques are experimental. The
Cuyahoga RAP used the fish baskets for 1 year, with mixed results.
The Cuyahoga sites would serve as a reference. No reference site
exists locally for the floating wetland. We recommend a monitoring
procedure in which regular visits are made to assess the viability of
the technique, and its effects on water quality
Project Site: Four sites were selected for these experimental
treatments.
• B3-1: 300 fish baskets installed on bulkhead at $124,440.
Predicted LQHEI: 32
•

Fish baskets, and experimental technology, may provide habitat on
bulkheads.

B3-2: Floating wetland installed just upstream of Monkey Island.
$30,000. Predicted LQHEI: 45
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Action C1:
Purchase

effect on the LQHEI scores.

Conservation Easement Acquisition and Wetland
•

Applicable River Sections: All
Goals Addressed: 1, 2, 3

Implementation Timeline: Year 1: EA-1. Year 2: EA-2. Year 4:
EA 3.

Procedure: Conservation easements are tools used to help protect
land in perpetuity. An easement can be used to restrict the use of
property for certain purposes, and to protect a property from
inappropriate uses. Essentially, one sells or donates the right to
certain uses of the property, or portion of property, to a third party,
generally with an interest in conserving the land. Ideally, all activities
undertaken by this plan should be secured through a conservation
easement. Achieving that goal may take quite some time. We
present here a plan to secure easements on 3 wetland restoration
sites, to protect these sites in perpetuity. The City desires that
easements for this project be held by the Lighthouse Foundation, a
local trust dedicated to preservation in the Lorain area.

Estimated Costs: easements are estimated at $5,000 per acre.
Purchase price for the Henderson Road Wetland is estimated at
$50,000/acre.
Total Estimated Construction Costs: $3,600 to $991,100.
Permitting Requirements: None required
Implementation Requirements: An agency must be designated to
receive and manage the easements. The city is working with the
Lighthouse Foundation. Funding can come from mitigation dollars or
grant money associated with the wetland restoration.

Reference Condition: This does not apply to this action.
Project Sites: A total of 73.5 acres of wetland restoration would be
protected through this action.
• C1-1: Secure an easement on the existing 0.35 acre fish shelf at
Black River Landing. $3,600. Predicted LQHEI: No direct effect
on the LQHEI scores.
•

C1-2: Purchase the 12 acre wetland at the Henderson Bridge.
$600,000. Predicted LQHEI: No direct effect on the LQHEI
scores.

•

C1-4: Secure an easement on 12 acres at the Henderson
Bridge wetland. $75,000. Predicted LQHEI: No direct effect on
the LQHEI scores.

•

C1-3: Secure an easement on 12.7 acres at the proposed
Commerce Park wetland. $63,500. Predicted LQHEI: No direct

EA-3. 50 acres at the proposed wetland at the mouth of French
Creek. $249,000. Predicted LQHEI: No direct effect on the
LQHEI scores.
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Action C2: Best Management Practices for Developers
Applicable River Sections: All (not shown on Figure 1.9)
Goals Addressed: 1, 2, 3
Procedure: Completion of the activities in this plan will require
considerable investments of time, energy and money, and will result
in substantial improvement in the ecological health of the river. In
order to maintain that health, it will be necessary to ensure that
certain best management practices be put into place. We
recommend that the City require that new developments use the best
available technologies for managing stormwater runoff. Bio-swales,
raingardens, permeable pavement and other techniques should be
required. A toolbox of recommended BMPs appears in Appendix F
Reference Condition: This does not apply to this action.
Project Sites: This action should apply to all new development
activities within the project area.
Implementation Timeline: These Best Management Practices will
be implemented through the life of the plan and beyond.
Bioswales and other BMPs help treat runoff.

Estimated Costs: Costs vary depending on the specific practice.
Total Estimated Construction Costs: Will depend upon the final
number of activities undertaken.
Permitting Requirements: No special permits required,
construction activities would be covered under the construction
permit issued for the project ion which the BMP is being applied.
Implementation Requirements: The City of Lorain will need to take
steps to ensure that the BMPS are required and installed.
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Action C3: Suggested Regulatory Protections

Summary of All Actions

Applicable River Sections: All (Not shown on Figure 1.9)

Table 1.5 provides a summary of all the proposed actions. Each
action is listed, along with the goals and BUIs addressed, the section
of the river to which it applies, the amount (generally acres of feet) of
each action at each location, a unit cost and an estimated cost. Unit
costs were derived from standard construction references and URS’
experience with these restoration techniques. Note that costs for
testing the suitability of weathered slag, concrete rubble and other
materials mentioned as potential restoration materials has not been
included in the cost estimates. NOTE: we’ll work these costs in. The
locations of the actions are shown in Figure 1.8.

Goals Addressed: 1, 2, 3
Procedure: Truly protecting the investment made by the projects
outlined in this plan will require legal authority. Examples of
regulations that would protect the Black River include changes to
zoning, setback regulations, and new rules for development that
codify requirements for best management practices. Clearly, the
regulations can not so restrict development as to prevent it, that is
certainly not the desire in this plan.
Reference Condition: This does not apply to this action.
Project Sites: This action should apply to all sites within the project
area.
Implementation Timeline: These Best Management Practices will
be implemented through the life of the plan and beyond.
Estimated Costs: NA
Total Estimated Construction Costs: NA
Permitting Requirements: None required
Implementation Requirements: The city of Lorain would determine
those regulations best suited to protect the investment in improving
the river’s health.
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Table 1.5. Summary of Actions. Site codes are keyed to Figure 1.8. Tan colored rows indicate those actions located on public property.
Site
Code

Action

B1-1

Invasive Species Removal

B1-2

Invasive Species Removal

Goals
addressed

1,3,4
1,3,4

Description
page

29

29
1,3,4

B1-3

Invasive Species Removal

B1-4

Invasive Species Removal

2,3,4

29

A1-1

Fish Shelves

1,3,4

22

A5-1

Streambank Stabilization

1,3,4

26

A5-2

Streambank Stabilization

2,3,4

26

B3-1

Fish Baskets and Floating
Wetlands

1,3,4

31

1,3,4

32

2,3,4
1,3,4

32

C1-1
C1-2

Easement Acquisition
Purchase the Henderson Bridge
Wetland

C1-3

Easement Acquisition

29

32

BUI Addressed
YEAR 1
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations.
Degradation of fish and wildlife
populations.
Degradation of fish and wildlife
populations.
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Amount

Unit cost

Estimated cost

1.35
acres

$10,000/acre

$13,500

1.86
acres

$10,000/acre

$18,600

11.42
acres

$10,000/acre

$114,200

5.87
acres

$10,000/acre

$58,700

539 feet

$200/foot

$107,800

408 feet

$125/foot

$51,000

257 feet

$125/foot

$32,125

$250/ each

$75,000

$10,000/acre

$3,600

$50,000 /acre

$600,000

$5,000/acre

$63,500

300
units
0.35
acres
12
acres
12.7
acres
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Table 1.5. Summary of Actions. Site codes are keyed to Figure 1.8. Tan colored rows indicate those actions located on public property.
Site
Code

Action

Goals
addressed
1,3,4

A2-1

Slag Pile Remediation

C1-4

Secure an easement on the
Henderson Bridge Wetland

2,3,4

B2-1

Submerged Aquatic Plantings

1,3,4

A5-3

Streambank Stabilization

2,3,4

A1-2

Fish Shelves

1,3,4

A1-3

Fish Shelves

2,3,4

A3-1

Wetland
Restoration/Construction

1,3,4

A4-4

Streambank Stabilization

1,3,4

A4-5

Streambank Stabilization

2,3,4

A1-4

Fish Shelves

1,3,4

Description
page

BUI Addressed
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
23
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
32
Year 1 total
YEAR 2
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
30
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
26
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
22
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
22
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
24
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
26
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
26
Degradation of fish and wildlife
populations. Loss of fish and
22
wildlife habitat.
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Amount

Unit cost

Estimated cost

759 feet

$500/foot

$379,500

12
acres

$5,000/acre

$75,000
$1,592,525.00

12.2
acres

$10,200/acre

$124,440

262 feet

$125/foot

$32,750

1,900
feet

$200/ foot

$380,000

436 feet

$200/foot

$87,200

12.7
acres

$60,000/acre

$762,000

700 feet

$125/foot

$87,500

534 feet

$125/foot

$66,750

3463
feet

$200/foot

$692,600
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Table 1.5. Summary of Actions. Site codes are keyed to Figure 1.8. Tan colored rows indicate those actions located on public property.
Site
Code

Action

Goals
addressed

Description
page

A1-5

Fish Shelves

2,3,4

22

A3-2

Wetland
Restoration/Construction

2,3,4

24

B3-2

Fish Baskets and Floating
Wetlands

1,3,4

31

A4-6

Streambank Stabilization

2,3,4

26

A4-7

Streambank Stabilization

2,3,4

26

1,3,4

31

Fish Baskets and Floating
Wetlands
B3-3
Year 2 total

B3-4

Fish Baskets and Floating
Wetlands

1,3,4

31

A1-6

Fish Shelves

2,3,4

22

A3-3

Wetland
Restoration/Construction

2,3,4

24

A4-8

Streambank Stabilization

1,3,4

26

A4-9

Streambank Stabilization

2,3,4

26

BUI Addressed
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
YEAR 3
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.
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Amount
790 feet

Unit cost

Estimated cost

$200/foot

$158,000

12
acres
1
floating
wetland

$60,000/acre

$720,000

$30,000/each

$30,000

717 feet

$125/foot

$89,625

833 feet

$125/foot

$104,125

100
units

$250/each

$25,000
$3,359,990.00

700
units

$250/each

$175,000

1155
feet

$200/foot

$231,000

50
acres

$75,000/acre

$3,750,000

1859
feet

$125/foot

$232,375

1232
feet

$125/foot

$154,000
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Table 1.5. Summary of Actions. Site codes are keyed to Figure 1.8. Tan colored rows indicate those actions located on public property.
Site
Code
Year 3 total

Action

Goals
addressed

Description
page

A2-2

Slag Pile Remediation

2,3,4

23

A4-10

Streambank Stabilization

2,3,4

26

A4-11

Streambank Stabilization

2,3,4

26

A4-12

Streambank Stabilization

2,3,4

26

A4-13

Streambank Stabilization

2,3,4

26

A2-3

Slag Pile Remediation

2,3,4

23

C1-4
Easement Acquisition
Year 4 total

2,3,4

32

A2-4

Slag Pile Remediation

A6-1

Bulkhead Habitat

23
1,3,4

28

BUI Addressed
YEAR 4
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations.
YEAR 5
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat.

38

Amount

Unit cost

Estimated cost
$4,542,375.00

1003
feet

$500/foot

$501,500

1357
feet

$125/foot

$169,625

1156
feet

$125/foot

$144,500

1174
feet

$125/foot

$146,750

1491
feet

$125/foot

$186,375

1934
feet
50
acres

$500/foot

$967,000

$5,000/acre

$250,000
$2,365,750.00

4660
feet

$500/foot

$2,330,000

7896
feet

$1,500/acre

$11,844,000
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Table 1.5. Summary of Actions. Site codes are keyed to Figure 1.8. Tan colored rows indicate those actions located on public property.
Site
Code

Action

A5-1
Slag Pile Stabilization
Year 5 total
Total all years

Goals
addressed

2,3,4

Description
page

27

BUI Addressed
Degradation of fish and wildlife
populations. Loss of fish and
wildlife habitat. Degradation of
aesthetics.

39

Amount
105
acres

Unit cost

$45,500/foot

Estimated cost

$4,777,500
$18,951,500.00
$30,812,140.00
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Figure 1.9 – Action Locations.
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Summary of Costs by Action and Section

Twelve remedial actions have been suggested to restore ecological health to the Lower Black River. This plan suggest 42 sites on which these
actions could take place. Table 1.6 shows the breakdown of actions by section. Section one is the site of 11 proposed actions, totaling
$16,075,340. Six actions were proposed for Section 2, for a total of $4,954,425. Section 3 is the site of 4 actions, totaling $9,782,375. The
average baseline LQHEI score for the entire project area was 39.6. If all actions are implemented, the resulting final LQHEI is estimated at 58,
slightly higher than the target of 55 established by the Black River RAP.
Table 1.6. Summary of Costs by Action and Sections.
Action
A1
A2
A3
A4
A5
A6
B1
B2
B3
C1
C1
C1

Section 1
$1,276,600
$967,000
$720,000
$87,500

Fish Shelves
Slag Pile Remediation
Wetland Restoration or Construction
Streambank Stabilization
Slag Pile Stabilization
Bulkhead Habitat
Invasive Species Removal
Submerged Aquatic Plantings
Fish Baskets and Floating Wetlands
Easement Acquisition
Purchase the Henderson Bridge Wetland
Secure an easement on the Henderson Bridge Wetland
Grand Total

$11,844,000
$72,200
$124,440
$305,000
$3,600
$600,000
$75,000
$16,075,340
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Section 2
$380,000
$3,211,000
$762,000
$405,125

Section 3

$3,750,000
$1,004,875
$4,777,500

$132,800

$63,500

$250,000

$4,954,425

$9,782,375

Total
$1,656,600
$4,178,000
$5,232,000
$1,497,500
$4,777,500
$11,844,000
$205,000
$124,440
$305,000
$317,100
$600,000
$75,000
$30,812,140
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¾

Funding the Ecological Restoration Master Plan (Preliminary)
In this section, we provide a brief overview of potential sources of
funds to implement recommended actions.
A more detailed
discussion and table of potential funding sources including amount of
funds available, deadline for submission of applications, who to
contact for more information etc. may be found in Appendix G.
•

•

¾
¾
¾

2010 Great Lakes Restoration Initiative - To accelerate the
restoration of the Great Lakes, Congress is finalizing a $400$475 Million inter-agency initiative to address issues that affect
the Great Lakes, such as invasive species, non-point source
pollution, and toxics and contaminated sediment. The Initiative
builds upon five years of work of the Great Lakes Interagency
Task Force (IATF) and stakeholders, guided by the Great Lakes
Regional Collaboration Strategy. The Initiative will focus on the
following five areas:
¾ Toxic Substances and Areas of Concern
¾ Invasive Species
¾ Nearshore Health and Nonpoint Source Pollution
¾ Habitat and Wildlife Protection and Restoration
¾ Accountability, Monitoring, Evaluation, Communication, and
Partnerships
The U.S. Environmental Protection Agency will be the lead for
the program but will be assisted by 15 other federal agencies.
Program is expected to start fall 2009.

¾

The Clean Ohio Green Space Conservation Program – Funds
preservation of open spaces, sensitive ecological areas, and
stream corridors. Special emphasis was given to projects that:
¾ Protect habitat for rare, threatened or endangered species;
¾ Preserve high quality wetlands and other scarce natural
resources;
¾ Preserve streamside forests, natural stream channels,
functioning floodplains, and other natural features of Ohio's
waterways;
¾ Support comprehensive open space planning;
42

Secure easements to protect stream corridors, which may be
planted with trees or vegetation to help reduce erosion and
fertilizer/pesticide runoff;
Enhance eco-tourism and economic development related to
outdoor recreation in economically challenged areas;
Provide pedestrian or bicycle passageways between natural
areas and preserves;
Reduce or eliminate nonnative, invasive plant and animal
species;
Provide safe areas for fishing, hunting and trapping in a
manner that provides a balanced eco-system.

•

Ohio Water Resources Restoration Sponsorship Program
(WRRSP) - The goal of the WRRSP is to counter the loss of
ecological function and biological diversity that jeopardizes the
health of Ohio's water resources. The WRRSP will achieve this
goal by providing funds, through WPCLF loans, to finance
planning and implementation of projects that protect or restore
water resources, ensuring either maintenance or attainment of
designated aquatic life uses under Ohio Water Quality
Standards. Restoration activities to be undertaken through the
WRRSP may focus on biological habitat issues and may range
from the preservation and protection of stream and other aquatic
habitats to intensive repair and recovery of such impaired
habitats. Total of $15 million is proposed for financing WRRSP
projects for the next program year. The $15 (2009, 2010 has not
been announced yet) million will be divided equally between two
categories: a) protection category, and b) restoration category.
The WRRSP sponsor will receive a 0.1 percent interest rate
discount on its POTW financing, which will reduce its total loan
repayments below that which would be required without the
WRRSP sponsorship.

•

Env. Infrastructure for Ohio (594 Program), USACE The primary objective of the Section 594 Program is to provide
design and construction assistance to non-Federal interests for
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funds and donations from the National Fish and Wildlife
Foundation and other private sources The fund may be used to
provide grants to States to benefit a broad array of diverse fish
and wildlife species and to provide non-consumptive fish and
wildlife recreation opportunities. Appropriate State agencies are
the only entities eligible to receive grant funds.

carrying out water-related environmental infrastructure and
resource protection and development projects in the State of
Ohio. In the Water Resources Development Act (WRDA) of
1999 (Public Law 106-53), Section 594, Congress provided
authority for water related environmental infrastructure projects
on publicly held lands for the entire State of Ohio. The amount
available per fiscal year changes as it is allocated by
congressional adds.
•

Stream Restoration and Protection (SRP) Clearinghouse OEPA Division of Surface Water has created a Web page as a
means to connect someone “who has” a resource restoration,
protection or enhancement project available for implementation
with someone “who is interested” in implementing such a project.
Potential source of “funding” for restoration/ mitigation projects.

•

Supplemental Environmental Project (SEP): Supplemental
Environmental Projects (SEPs) are projects funded from the
fines imposed upon entities for environmental violations in Ohio
by the Ohio EPA. When enforcement occurs, Ohio EPA can fine
violators. Those fines can be either paid directly to the State of
Ohio or can be used to pay for SEP’s. This choice is completely
up to the entity being fined. Projects can include restoration and
preservation.

•

Aquatic Ecosystem Restoration Section 206, U.S. Army
Corps of Engineers (USACE) - Under Section 206 (WRDA), the
USACE is authorized to study, design, construct projects to
restore or protect the aquatic ecosystem for the purpose of
improving environmental quality when in the public interest, and
cost effective, and not more than $5,000,000 Federal
contribution per project.

•

Partners for Fish and Wildlife (Grant) The Partnerships for
Wildlife Act authorized the establishment of the Wildlife
Conservation and Appreciation Fund to receive appropriated
43

•

National Fish and Wildlife Foundation - General Matching
Grant Program - The National Fish and Wildlife Foundation
funds projects to conserve and restore fish, wildlife, and native
plants through matching grant programs. The Foundation awards
matching grants to projects that address priority actions
promoting fish and wildlife conservation and the habitats on
which they depend, work proactively to involve other
conservation and community interests, leverage Foundationprovided funding, and evaluate project outcomes. Federal, state,
and local governments, educational institutions, and nonprofit
organizations are welcomed to apply for a general matching
grant throughout the year.

•

The Five Star Restoration Program - Brings together students,
conservation corps, other youth groups, citizen groups,
corporations, landowners and government agencies to provide
environmental education and training through projects that
restore wetlands and streams. The program provides challenge
grants, technical support and opportunities for information
exchange to enable community-based restoration projects.
Funding levels are modest, from $5,000 to $20,000, with
$10,000 as the average amount awarded per project. However,
when combined with the contributions of partners, projects that
make a meaningful contribution to communities become
possible. At the completion of Five Star projects, each
partnership will have experience and a demonstrated record of
accomplishment, and will be well-positioned to take on other
projects. Aggregating over time and space, these grassroots
efforts will make a significant contribution to our environmental
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waters where NPS pollution is a significant cause of aquatic life
use impairments. The cornerstone of Ohio’s 319 program is
working with watershed groups and others who are implementing
locally developed watershed management plans and restoring
surface waters impaired by NPS pollution. Projects that are
identified within completed TMDL reports, state-endorsed
watershed plans and/or AMDAT plans that eliminate impairments
and/or restore impaired waters will receive higher consideration
than projects submitted from watersheds without any of the
above plans. Sample projects include:

landscape and to the understanding of the importance of healthy
wetlands and streams in our communities.
•

Mitigating Infrastructure Impacts to Aquatic Resources in
Ohio - Funds may be available from project sponsors who are
required to mitigation for fill or discharges into Waters of the
State. Typically, project sponsors may either complete the
mitigation project themselves or may pay funds to a third party
who may either through a mitigation bank or In-lieu fee program,
provide and maintain the mitigation. With the new USACE rules,
greater emphasis will be made on selecting sites identified in an
approved watershed plan or selected on the basis of
implementing the watershed approach as identified in the
regulations (April 2008).

•

R&D Grants, Ohio Water Development Authority - Pursuant
to its power to engage in research and development with respect
to wastewater, water management facilities, solid waste facilities,
and energy resource development facilities, OWDA has
established a grant program for qualifying research and
development programs. The eligible participants are Local
Government Agencies that perform research and/or
development. Projects for which grants are awarded must be of
such a nature that the benefits to be derived fulfill a general need
in the State of Ohio that is within the scope of the powers of the
Authority. Grants are subject to available funds and
recommendation by the director of a department of the state
government which is responsible for oversight. Priority will be
given to projects that have statewide environmental and/or
natural resource applications, and grantees must submit a final
report. Cuyahoga RAP used this program to investigate reaeration technology.

•

Section 319 grant funds – Intended to correct NPS caused
water quality impairment to Ohio’s surface water resources.
Section 319(h) implementation grant funding is targeted to Ohio

¾
¾
¾
¾

44

Stream Restoration and/or Renaturalization Projects
Wetland Restoration and/or Renaturalization
Riparian Restoration Projects
Riparian and Wetland Protection and Conservation
Easement Projects
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established as a small trading post at the mouth of the Black River,
in 1807.

Appendix A – Area History
Early History
Earliest records of activity in the Black River Watershed show the
first contacts by Europeans was the arrival of Jesuit missionaries in
the 1600’s. Early European arrivals found the area occupied by
members of the Huron and Erie tribes. The southern shore of Lake
Erie was apparently not home to specific tribes, but rather was used
primarily as a hunting and fishing area for several tribes in the
Iroquois Five Nations Alliance.
Members of the Five nations
apparently drove the Erie tribe from the south shore of Lake Erie by
the mid-1600’s. Surviving records from the period from the mid
1600’s to the mid 1700’s indicate much of northern Ohio was
generally uninhabited, the Iroquois and the generally swampy terrain
prevented Europeans from entering their area. Little archaeological
material dates back to this time period. By the time Europeans again
reached the area, much of the land had reverted back to its former
forests.

Connecticut eventually sold the Western Reserve to the Connecticut
Land Company for $1,200,000. A member of the Connecticut Land
Company, Justin Ely, started a small settlement at the current site of
Elyria, Ohio, in 1817. Also in that year, Black River township
containing the City of Lorain, was mapped.
Lorain County was
officially established in 1822.
Shipbuilding, an important feature in the history of Loran and the
Black River, was first established in the area in 1820. Two brothers
from Connecticut, whose shipbuilding business was destroyed by
British raids during the War of 1812, accepted a land grant in the
Western Reserve and relocated the shipyard to the mouth of the
Black River. Other shipbuilders followed, by the 1830’s the City was
established as a center of shipbuilding on Lake Erie.
The City Grows
In the mid 1880’s the Nickel Plate Railroad reached Lorain,
connecting the city to markets and suppliers in the East. By the
1870’s a rail connection was completed between the small city of
Loran and the Ohio River. The rail connections and the natural
harbor offered by the mouth and estuary of the Black River made
Lorain a convenient port and a logical location for heavy industries,
including an expanded shipbuilding industry and steel making plants.
Growth was rapid. By 1880 the City was home to some 1600
people. By 1890 the population had grown to almost 5,000. In 1900,
over 16,000 people called Lorain home.

In the late 1600’s the Wyandot nation and small bands of Hurons
moved into the south shore of Lake Erie during the 1600’s, and were
still there in the 1800’s when the area was finally settled by
Europeans. The Wyandots were eventually relocated to reservations
in Seneca and Sandusky Counties during the early 1800’s and then
moved out of Ohio around 1830. There are no active Wyandot
historic sites on the Black River.
In 1786, Connecticut signed a Deed of Cession turning over most of
its western lands to the Federal government, but retaining that land
extending 120 miles west of the Pennsylvania-Ohio line, between the
Lake Erie shore and the 41st parallel. The Black River watershed was
part of this Western Reserve. Early settlers in his portion of the
Western Reserve included
Moravian missionaries.
The first
recorded permanent settlement near the current City of Lorain was

Steel making, shipbuilding and other heavy industries continued to
grow, and the city of Lorain along with them, through the 1970’s.
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The Black River History
Industry, agriculture and other land uses have clearly left their marks
on the Black River. Regulation of discharges to water bodies like the
Black River began with the passage of the Clean Water Act in 1970.
The Ohio EPA was established in 1972. In the Early 1980’s, Ohio
EPA and the USEPA began studies of fish populations in the Black
River.
A coking facility associated with the USX-USS/Kobe steel complex
released polynuclear aromatic hydrocarbons (PAHs) into the River.
These compounds contaminated the sediment near the coke plant
and downstream, resulting in high concentrations of some PAH’s
(some as high as hundreds of parts per million (ppm) near the coke
plant outfall. Early fish studies found a high incidence of liver and
external tumors including cancers in native brown bullhead
(Ameiurus nebulosus). Few fish appeared to survive past the age of
four and none past age five. OEPA issued a fish advisory and a
primary contact advisory were issued for the river during the 1980s.
When steel and coke operations began to decline after 1982,
residues of PAH in bullhead caught in the Black River also declined
to about one-tenth the levels found in fish captured in 1980 and
1981. Declines in tumors and cancer rates in captured fish continued
to decline after coking operations ceased permanently in 1983.

Current State
By the 1980’s heavy industry was in decline in the City. Steel mills
were closing. American Shipbuilding, a premier builder of Great
Lakes freighters and other craft, closed in the 1980’s. Currently,
there are no shipbuilding operations left along the Black River. US
Steel and the Republic Engineered Products Plant are the remaining
steel makers along the river.

Concern over pollution loads in the River, and the resulting damage
to fish and other aquatic populations, led in 1984 to the listing of the
Lower Black River as an Area of Concern (AOC) by the International
Joint Commission. Shortly after the Lower Black River was listed as
an AOC, the IJC expanded listing to the entire watershed, making
the Black River one of the few AOC’s that encompasses the entire
watershed.

In 1980, the census bureau listed just over 75,000 people in the city
of Lorain. By 2000, that number had fallen to 68,652. The Census
Bureau’s estimate of population in 2006 was 70,592.
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as “in recovery”, a testimony to the extent to which carcinogens and
other toxics have been removed from the water column and the
sediments. Small gains have been made in in-stream habitat, as
evidenced by the success of the “Fish Shelf” at the Black River
Station complex.

Clean up of the contaminated sediments in the lower Black River
began in 1990. The Black River Remedial Action Plan RAP was
formed in 1991. The OEPA and others continued to study the River,
intensive biological surveys were conducted in 1992 and 1997.
The hard work carried out by the Black River Rap, the city and
county of Lorain, and a wide variety of other agencies and public
groups, has resulted in improvements in the health of the Black
River. In 2004, the Ohio Department of Health lifted the contact
advisory. Also in 2004, the USEPA and IJC re-designated the Fish
Tumors and Other Deformities use impairment from Impaired to In
Recovery.
Ecological Importance
The Black River was notorious for the levels of pollution found up
through the 1980’s. Fish tumors and other malformations were
prevalent in the water, impacted as it was by toxic effluents in the
industrialized portion of the River. Establishing the Black River as an
AOC brought attention to the ecological damage that had been done.
USEPA lists 14 beneficial uses provided by surface waters like the
Black River. Of those 14 uses, 10 were originally listed as impaired
in the Black River.
Clearly, the “main street” of the City of Lorain has been damaged by
the long history of pollution and physical alteration. Like any vital
piece of infrastructure, the ecological repair of this aquatic “main
street” is vital to the future economic health of the City.

Economic Importance
Lorain is a City much like many others in the Great Lakes region.
Once a center for transportation, steel making, manufacturing and a
major shipbuilder for the Great Lakes, the City saw a loss of
manufacturing employers and jobs during the 1980’s. While the
former manufacturing base has largely eroded, some strong core
firms remain. Also, the City realizes it is situated at the junction of
several important natural features, including the Black River and the
Lake Erie shoreline. Enhancement of these natural features, repair of
the past damage, the strategic restoration of damaged areas and

The ecological goals of this Plan may be simply stated as developing
a list of potential projects that address as many of the Beneficial Use
Impairments as practical.
Some progress has been made. Fish tumors and other deformities
is no longer listed as impaired, but rather since 2004 has been listed
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Source: (http://www.great-lakes.net/teach/pollution/aoc/aoc1.html)

creation of new natural ecosystems, all can help remove the stigma
attached to abandoned, damaged and blighted areas, and help spur
new, appropriate and environmentally friendly development.

The 14 Beneficial Uses EPA lists for surface waters, these 10 are
impaired for Black River:Of

Ecological and Economic Goals
The ecological and economic recovery of the Lower Black River
corridor are inextricably linked. Thus we have developed linked
goals that express the desire to achieve both simultaneously.

•
•
•
•
•
•
•
•
•
•

The overall desire is to establish a healthy river and riparian
ecosystem in a thriving urban environment. The intent is not to
return the entire Lower Black River to its condition prior to European
settlement. Such a notion is simply not achievable, and clearly not in
the interest of the linked economic and ecological recovery this plan
seeks to achieve.
What are Areas of Concerns?
Great Lakes Areas of Concern (AOCs) are severely degraded
geographic areas within the Great Lakes Basin. They are defined by
the U.S.-Canada Great Lakes Water Quality Agreement (Annex 2 of
the 1987 Protocol) as “geographic areas that fail to meet the general
or specific objectives of the
agreement where such failure has caused or is likely to cause
impairment of beneficial use of the area’s ability to support aquatic
life.” The U.S. and Canadian governments have identified 43 such
areas; 26 in U.S. waters, 17 in Canadian water (five are shared
between U.S. and Canada on connecting river systems).
Collingwood Harbour, in Ontario, is the first of these 43 sites to be
de-listed.
The Great Lakes Water Quality Agreement, as amended via the
1987 protocol, directs the two federal governments to cooperate with
state and provincial governments to develop and implement
Remedial Action Plans for each Area of Concern.
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Restrictions on fish and wildlife consumption
Eutrophication or undesirable algae
Restrictions on drinking water consumption, or taste and odor
Degradation of fish and wildlife populations
Beach closings
Fish tumors or other deformities (in recovery as of 2004)
Degradation of aesthetics
Degradation of benthos
Restriction on dredging activities
Loss of fish and wildlife habitat
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Master Planning and Plan Development Process
Plan Development Process
The project team adopted a planning concept that is geared toward
the eventual adoption and shepherding of the Plan by the City of
Lorain, in cooperation with the USEPA and other agencies. As such,
it was critical to first develop an advisory committee that would help
develop the Plan, and work in partnership the City to adopt,
implement and manage the ideas presented here.
Lower Black River Ecological Restoration Plan Advisory
Committee
• City of Lorain:
− Corey Timko, Director, Utilities Department, City of Lorain
− Jan Mackert, Planner, City of Lorain
− Rick Novak, Director, Lorain Port Authority
• USEPA
− Karen Rodriguez, USEPA Great Lakes
− Danielle Green, USEPA Great Lakes, Project Officer
− Anne Marie Vincent, Black River RAP Federal Liaison, U.S.
EPA - Cleveland Office
•
Ohio EPA
− Ted Conlin, Black River RAP State Coordinator, Ohio EPA
− Scott Winkler
• URS Corporation
− Jim Kooser, Project Manager
− Roger Thoma, Consulting Aquatic Biologist
− Tom Denbow, Project Principal
− Jeff Homans, AICP, Planner
− Tom Evans, ASLA, Restoration Designer
• NOACA
− Andy Vidra
− Mary Wells
• Cleveland State/Countryside Initiative
− Kirby Date
• Lorain County Community Development
− Dan Gouch
• ODNR

•

− Phil Hillman, Div. of Wildllife
Ohio Sea Grant
− Dave Kelch

Most member of the Advisory Committee have attended all of the
meetings held to date, and all have contributed to the understanding
of the challenges faced, and development of potential solutions.
The following page shows a schematic of the planning process used
and important milestones for this project.
After kicking off the project, URS began the process of collecting
data on the River. Reference material collected included Ohio and
USEPA reports on the River, materials from the Black River RAP,
planning documents and other data from the City of Lorain, historical
data from a wide variety of sources, and data from Ohio DNR. We
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also assembled the GIS data sets needed to map and analyze data
on the River.
URS staff, assisted by Roger Thoma of the Midwest Biodiversity
Institute, spent two weeks performing an assessment of the habitat
conditions in the River, along the shoreline and on lake areas near
the mouth. The crew boated up and down the River, gathering data
on fish and macroinvertebrate communities. The team assessed
habitat in the stream and along the lakeshore using Ohio EPA’s
Qualitative Habitat Evaluation Index (QHEI) for streams, and the
Lacustrine Qualitative Habitat Evaluation Index (LQHEI), developed
by Roger Thoma, to assess lakeshore habitats. Field crews
performed an assessment of the qualities of all bank areas, and
mapped features along the banks. This gave the team an idea of the
condition of the riparian areas along the Lower Black River.
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Landowner
Meetings

Project Kickoff

Began May 2009

July 2008

Data Collection
Begins

First Draft
Project Actions

Third Advisory
Team Meeting

April 2009

June 2009

August 2008

Second Advisory
Team Meeting

Development of
Opportunities and
Constraints

April 2009

Forth Advisory
Team Meeting
October 2009

October 2009

Municipal Leaders
Meetings
Began

First Advisory
Team Meeting
November 2009

February 2009

Initial Selection of
Actions
February 2009
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All the data were compiled and analyzed to develop an “existing
conditions” assessment of the Lower Black River. Data sets used
included:

Following the first meeting, and relying on feedback from the
participants, the team began to develop the first round of potential
actions.

•
•
•
•
•
•
•
•
•

hydrologic conditions
geology
soil and sediment conditions;
upland, wetland, shoreline, and riparian vegetation communities;
invasive species populations;
Black River channel maps;
zoning and land use
known data on fish, bird, wildlife, and insect communities;
data on populations of rare, threatened, and endangered
species;
recreational features and amenities;
site history;
proposed developments

Municipal Leaders Meetings
It is obvious that strong leadership from the local government will be
a key to accomplishing the goals and objectives of this Plan. A
series of meetings were held with the Mayor and his staff, City
department leaders and City Council members, to outline the goals
and objectives of the Plan, and to present some of the findings to
date. At these meetings the team helped guide the municipal
leaders to the understanding that the project was not intended to
result in additional regulatory burdens, but rather would help spur
potential and appropriate development along the Black River
corridor. To date, all City departments and staff that the team has
met with are solidly in favor of and actively contributing to the project.
Meetings with City leaders continued throughout the project.

During August, September and October of 2008, data were analyzed
and a series of thematic maps were developed. The maps helped
the team define potential opportunities for and constraints upon
future restoration efforts. A “toolbox” of potential actions was started.
Maps depicting topography, land use and other important features
were developed. All were important tools for the first Advisory
Committee Meeting.

Second Advisory Committee Meeting
After meeting with City officials, and further developing potential
options, a second Advisory Committee meeting was held in April,
2009. At this meeting, the discussions centered around updates as
to the progress to date. The toolbox was presented to the group,
and discussions as to the efficacy of the various restoration
techniques ensued. Areas where specific techniques might be
implemented were outlined and discussed.

•
•
•

First Advisory Committee Meeting
The first major project meeting was held in November 2008. At this
meeting, the history of how the Plan came about was discussed. A
brief history of the Black River was presented. Results of the
preliminary analyses of current conditions were presented, the
toolbox was reviewed, and a list of “early action projects” was
proposed.

Finally, draft goals and objectives were developed, and comment on
these was sought from the Committee.
First Draft, Project Actions
A first draft of the Ecological management Plan was developed and
forwarded to the Committee and other interested parties. This draft
focused on Section 4.0, the description of the Plan’s proposed
Actions.
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• High quality, sensitive systems are protected.
• Critical parcels for development are maintained, and enhanced
ecological where possible.
• Development is channeled to those parcels where it is the most
appropriate.
• Appropriate areas for mitigation are created in the corridor.
• Characteristic assemblages of species and communities found in
reference ecosystems are present.
• Native species are maximized, invasive species are removed
where possible.
• New development along the corridor must incorporate Best
Management Practices (BMPs) to ensure that restoration activities
remain successful.
BMPs will be retrofitted onto existing
developed sites.
• Habitat diversity is maximized.
• Educational and volunteering opportunities are integrated.
• The restoration plan is flexible, allowing the integration of new
ideas and stakeholders over time.

Landowner Meetings
Meetings with large landowners began in May of 2009, once the
proposed Actions had been initially developed. It was felt that this
timing was appropriate, given that the landowners could have
something rather concrete to react to, and conversely that the
Actions had not been developed to the point that changes requested
by the landowners could not be made. These meetings continued
throughout the rest of the project, and landowners were brought into
subsequent Advisory Committee meetings.
Third Advisory Committee Meeting
A third Advisory Committee meeting was held in June of 2009. At
this meeting, the City and the Agencies presented their individual
visions for the Plan, and an exercise was held to identify those areas
where visions were held in common, and those areas where parties
may need to be brought closer together, to accomplish this complex
Plan. A detailed discussion of the proposed Actions was held, and a
rough prioritization exercise was undertaken, during which
participants were able to express their choices for which Actions
were most important to them. Finally, suggestions for additional
outreach were solicited.

These guiding principles are used to determine appropriate
restoration actions, define restoration “targets”, and perform as
benchmarks for determining the success of restoration actions
articulated in this Plan.

MORE AS PROJECT DEVELOPS.
2.2
Project Vision and Guiding Principles
The common vision shared by the participants in this planning
exercise is a Black River that continues to revive and thrive, and a
community that renews itself and thrives along with it. It is the
common goal of all participants that the Black River will no longer be
known as the river of “fish tumors”, and that through its restoration
Lorain will no longer be seen as a “rust belt” city.
A healthy, vibrant Lower Black River corridor will posses these
qualities:
• Potential ecosystem threats are eliminated or reduced.
• Self-sustaining natural communities are present.
5
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QHEI DATA Scanned copies of the data sheets will be provided
in the final copy.
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Ecological restoration: Ecological restoration is an intentional activity
that initiates or accelerates the recovery of an ecosystem with
respect to its health, integrity and sustainability.

Glossary of Terms (partial list to be expanded).
AOC: Area of Concern. They are defined by the U.S.-Canada Great
Lakes Water Quality Agreement (Annex 2 of the 1987 Protocol) as
"geographic areas that fail to meet the general or specific objectives
of the agreement where such failure has caused or is likely to cause
impairment of beneficial use of the area's ability to support aquatic
life."

Ecoregion: A geographic area defined by a shared set of physical
and ecological characteristics including climate, geology, and
vegetation.
Ecosystem: An assemblage of plant and animal communities, and
the physical environment in which they live, linked by a variety of
processes that allow for the transfer of energy and materials
between and among the component communities.

Aquatic: Living or growing in or on water.
Assemblage: A group of species found together in a particular area.

Geographic Information System (GIS): A computer analysis system
that combines an electronic map with an electronic data base which
contains attributes describing various properties of the mapped
features.

Beneficial Use Impairment (BUI): A potential use or trait of an area
that is compromised by current ecological conditions
BMP: Best management Practice. Refers to a design or technique
that is generally adopted as a control, in this case generally as a
control for surface run-off of stormwater.

Great Lakes Legacy Act: This act, adopted in 2002, provides funding
to take the necessary steps to clean up contaminated sediment
in “Areas of Concern located wholly or partially in the United States,”
including specific funding designated for public outreach
and research components.

Community: A group of organisms that occupy a particular area. In
general, community structure and composition is driven by
environmental conditions. Thus, over particular soils, on particular
slopes and in particular regions, one expects to find similar
assemblages of plants and animals.

Great Lakes National Program Office (GLNPO): A federal EPA office
created in 1978 to oversee the U.S. fulfillment of its obligations
under the Great Lakes Water Quality Agreement with Canada.

Delisting: Removal of the AOC designation for a location after it has
been sufficiently restored. Delisting requires removing the BUI
targets.

Invasive species: Plants and animals that are not native to an area,
and that since they generally have no natural predators or
consumers in the area to which they were introduced, may thrive to
the point that they crowd out native species.

Ecological enhancement: Actions taken to improve the quality of an
existing ecosystem. Actions may include stabilization of soils,
planting, altering local hydrology, the removal of invasive species
and others.

Slag: Rock like deposits that are by-products of steel production.
Slags are mildly alkaline rocks that are often used as construction
materials, particularly for road sub-grades.

Ecological Function: A measurable property of an ecosystem that
characterizes that system. Examples include rates primary
productivity and nutrient cycling.

Reference ecosystem: A reference ecosystem can serve as the
model for planning an ecological restoration project, and later serve
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in the evaluation of that project. Existing, high quality streams and
wetlands can serve to document restoration targets for this Plan.
Remediation: The act of improving restoring a contaminated
site involving enclosure, encapsulation, capping or removal of the
material.
Riparian area: The land area extending from the banks of a river or
stream landward, within which activities have direct impacts on
stream ecosystem function.
Watershed: An area of land from which water drains to a river, pond
or lake.
WWTP: Waste Water Treatment Plant. A plant for treating sewage
and other liquid wastes.
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bioretention cells in terms of pollutant removal.1 A web site
dedicated to this work can be found at
http://www.ence.umd.edu/~apdavis/Bioret.htm.

Best Management Practices ROUGH DRAFT

In general, the studies have found that properly designed and
constructed bioretention cells are able to achieve excellent removal
of heavy metals. Users of this technique can expect typical copper
(Cu), zinc (Zn), and lead (Pb) reductions of greater than 90%, with
only small variations in results. Removal efficiencies as high as 98%
and 99% have been achieved for Pb and Zn. The mulch layer is
credited with playing the greatest role in this uptake, with nearly all of
the metal removal occurring within the top few inches of the
bioretention system. Heavy metals affiliate strongly with the organic
matter in this layer. On the other hand, phosphorus removal appears
to increase linearly with depth and reach a maximum of
approximately 80% by about 2 to 3 feet depth. The likely mechanism
for the removal of the phosphorus is its sorption onto aluminum, iron,
and clay minerals in the soil. TKN (nitrogen) removal also appears to
depend on depth but showed more variability in removal efficiencies
between studies. An average removal efficiency for cell effluent is
around 60%. Generally 70 to 80% reduction in ammonia was
achieved in the lower levels of sampled bioretention cells. Finally,
nitrate removal is quite variable, with the bioretention cells
demonstrating a production of nitrate in some cases due to
nitrification reactions. Currently, the University of Maryland research
group is looking at the possibility of incorporating into the
bioretention cell design a fluctuating aerobic/anaerobic zone below a
raised underdrain pipe in order to facilitate denitrification and thus
nitrate removal.

Bioretention
Bioretention areas function as soil and plant-based filtration devices
that remove pollutants through a variety of physical, biological, and
chemical treatment processes. The reduction of pollutant loads to
receiving waters is necessary for achieving regulatory water quality
goals. For example, several states, including Maryland, have agreed
to work towards reducing nutrient runoff to the Chesapeake Bay by
40%. A number of laboratory and field experiments have been
conducted by the University of Maryland in conjunction with Prince
George's County Department of Environmental Resources and the
National Science Foundation in order to quantify the effectiveness of

These studies indicate that in urban areas where heavy metals are
the focal pollutants, shallow bioretention facilities with a significant
mulch layer may be recommended. In residential areas, however,
where the primary pollutants of concern are nitrogen and
phosphorus, the depth dependence will require deeper cells that
reach approximately 2 to 3 feet.
Other pollutants of concern are also addressed by the bioretention
cells. For example, sedimentation can occur in the ponding area as
the velocity of the runoff slows and solids fall out of suspension.
1

Appendix F

Lower Black River Ecological Restoration Master Plan

Field studies at the University of Virginia have indicated 86%
removal for Total Suspended Solids (TSS), 97% for Chemical
Oxygen Demand (COD), and 67% for Oil and Grease. 3 Additional
work with laboratory media columns at the University of Maryland
has demonstrated potential bioretention cell removal efficiencies
greater than 98% for total suspended solids and oil/grease.4

Green roofs, also known as vegetated roof covers, eco-roofs or
nature roofs, are multi-beneficial structural components that help to
mitigate the effects of urbanization on water quality by filtering,
absorbing or detaining rainfall. They are constructed of a lightweight
soil media, underlain by a drainage layer, and a high quality
impermeable membrane that protects the building structure. The soil
is planted with a specialized mix of plants that can thrive in the
harsh, dry, high temperature conditions of the roof and tolerate short
periods of inundation from storm events.

One of the primary objectives of LID site design is to minimize,
detain, and retain post development runoff uniformly throughout a
site so as to mimic the site's predevelopment hydrologic functions.5
Originally designed for providing an element of water quality control,
bioretention cells can achieve quantity control as well. By infiltrating
and temporarily storing runoff water, bioretention cells reduce a site's
overall runoff volume and help to maintain the predevelopment peak
discharge rate and timing. The volume of runoff that needs to be
controlled in order to replicate natural watershed conditions changes
with each site based on the development's impact on the site's curve
number (CN). The bioretention cell sizing tool can be used to
determine what cell characteristics are necessary for effective
volume control. Keep in mind that the use of underdrains can make
the bioretention cell act more like a filter that discharges treated
water to the storm drain system than an infiltration device.6
Regardless, the ponding capability of the cell will still reduce the
immediate volume load on the storm drain system and reduce the
peak discharge rate. Where the infiltration rate of in situ soils is high
enough to preclude the use of underdrains (at least 1"/hr), increased
groundwater recharge also results from the use of the bioretention
cell. If used for this purpose, care should be taken to consider the
pollutant load entering the system, as well as the nature of the
recharge area. An additional hydrologic benefit of the bioretention
cell is the reduction of thermal pollution. Heated runoff from
impervious surfaces is filtered through the bioretention facility and
cooled; one study observed a temperature drop of 12°C between
influent and effluent water.7 This function of the bioretention cell is
especially useful in areas such as the Pacific Northwest where cold
water fisheries are important.
Green Roof

Green roof cross-section
(Source: American Wick Drain Corp.)
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•
•
•
•
•
•
•
•

Historically, engineered green roofs originated in northern Europe,
where sod roofs and walls have been utilized as construction
materials for hundreds of years. The development of contemporary
approaches to green roof technology began in the urban areas of
Germany over 30 years ago. Because of ongoing water quality
degradation and a limited existing infrastructure for the control of
stormwater in these areas, few alternatives were available for
improved stormwater management designs. Environmental and
economic considerations helped spur the development of green roof
systems that could provide the necessary stormwater treatment onsite. Roofscapes, Inc. have developed a numerical saturateunsaturated flow simulation model that investigates the variables
influencing the effectiveness of green roofs.2

Reduce city “heat island” effect
Reduce CO2 impact
Reduce summer air conditioning cost
Reduce winter heat demand
Potentially lengthen roof life 2 to 3 times
Treat nitrogen pollution in rain
Negate acid rain effect
Help reduce volume and peak rates of stormwater

The hydrologic processes that can be influenced by design choices
and aid in the management of stormwater include:3
•
•
•
•
•
•

Interception of rainfall by foliage, and subsequent
evaporation.
Reduction in the velocity of runoff.
Infiltration.
Percolation.
Shallow subterranean flow, through the soil.
Root zone moisture uptake and evapotranspiration.

Permeable Pavers

Chicago City Hall Urban Heat Island Initiative project
(Source: Roofscapes, Inc.)
Green roofs provide stormwater management benefits by:
•
•

Utilizing the biological, physical, and chemical processes
found in the plant and soil complex to prevent airborne
pollutants from entering the storm drain system.
Reducing the runoff volume and peak discharge rate by
holding back and slowing down the water that would
otherwise flow quickly into the storm drain system.

Most of the 'paving over' in developed areas is due to common roads
and parking lots, which play a major role in transporting increased
stormwater runoff and contaminant loads to receiving waters.
Alternative paving materials can be used to locally infiltrate rainwater
and reduce the runoff leaving a site. This can help to decrease
downstream flooding, the frequency of combined sewer overflow

Green roofs are not only aesthetically pleasing, but they also:
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these materials can also eliminate problems with standing water,
provide for groundwater recharge, control erosion of streambeds and
riverbanks, facilitate pollutant removal, and provide for a more
aesthetically pleasing site. The effective imperviousness of any
given project is reduced while land use is maximized. Alternative
pavers can even eliminate the requirement for underground sewer
pipes and conventional stormwater retention / detention systems.
The drainage of paved areas and traffic surfaces by means of
permeable systems is an important building block within an overall
Low Impact Development scheme that seeks to achieve a
stormwater management system close to natural conditions.

Water Quality
Some current studies on the effectiveness of permeable pavers for
reducing Total Suspended Solid (TSS), nutrient, metal and thermal
loadings are being conducted in Florida, Toronto, and Washington
State.
The parking lot of the Florida Aquarium in Tampa, which serves
700,000 visitors annually, has been innovatively designed as a
research and demonstration project for the use of permeable pavers
as part of a treatment train approach, comparing three paving
surfaces in conjunction with swales.1 First-year results found that
load removal efficiencies for metals (copper, iron, lead, manganese
and zinc) ranged from 23 to 59% for asphalt pavement with a swale;
62 to 84% for cement pavement with a swale; and 75 to 92% for
porous concrete with a swale. In general, metals were measured at
much higher concentrations in the basins paved with asphalt than
those paved with cement products. The porous system with a swale
also achieved 91% removal efficiency for total suspended solids,
higher than the other two paving systems.
Studies at the University of Guelph in Canada have also observed
greater pollutant loads from asphalt surfaces than from concrete or
permeable pavers. There, a research team led by Professor William
James has been performing field and laboratory tests since 1993 on

(CSO) events, and the thermal pollution of sensitive waters. Use of
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the influence of permeable pavers on runoff pollutant levels and

surface runoff; statistical analyses and reports will be produced in
future months (Derek Booth, Feb. 2002, personal communication).
For more specialized users, continuing research at Coventry
University in England has been looking at applying nutrients to
permeable pavers in order to support a microbial population that can
serve as an in-situ bioreactor for oil degradation in highway and
parking lot runoff.5 Studies have demonstrated the potential to
maintain microbial activity for over 12 months from one application of
a slow-release fertilizer, with warnings given about ensuring the
effective use of the nutrients so that high effluent levels will not
cause eutrophication in receiving waters.

thermal characteristics. They have found that a permeable paver
made up of interlocking concrete blocks can significantly reduce the
surface runoff loads of such contaminants as nitrite, nitrate,
phosphate, phosphorus, metals, BOD, and ammonium.2 In addition,
during a lab simulation, the permeable pavers were found to reduce
surface runoff temperatures by 2 to 4 degrees Celsius compared to
the runoff from asphalt paving. Since the permeable pavers also
increase infiltration, the total heat content of runoff leaving a site is
reduced substantially.3

Rain Barrels and Cisterns
Rain barrels are low-cost, effective, and
easily

maintainable

retention

and

detention devices that are applicable to
residential, commercial and industrial
sites to manage rooftop runoff.

Finally, surface and subsurface runoff samples are being collected
by the Center for Urban Water Resources Management in
Washington State from a test parking area, which contains five
different surface materials.4 Constructed in 1996, the King County
employee parking lot contains nine stalls, of which one is traditional
asphalt, and the others are four pairs of alternative permeable
pavement surfaces: gravel-filled interlocking concrete blocks, soil
and grass-filled interlocking concrete blocks, gravel-filled plastic cell
networks, and soil and grass-filled plastic cell networks.

For residential applications a typical rain
barrel design will include a hole at the
top to allow for flow from a downspout, a
sealed lid, an overflow pipe and a spigot at or near the bottom of the
barrel. The spigot can be left partially open to detain water or closed
to fill the barrel. A screen is often included to control mosquitoes and

The project's primary goal is to determine the long-term water quality
benefits of these systems under real world usage. A system of
pipes, gutters and gauges collect and enable the measurement of
the volume and chemistry of both the surface runoff and the
subsurface infiltrate. A comprehensive water quality analysis is
being conducted over the winter of 2001/2002. Preliminary results
indicate that the subsurface runoff is consistently cleaner than the

other insects. The water can then be used for lawn and garden
watering or other uses such as supplemental domestic water supply.
Rain barrels can be connected to provide larger volumes of storage.
Larger systems for commercial or industrial use can include pumps
and filtration devices.
5

Appendix F

Lower Black River Ecological Restoration Master Plan

Above ground cistern that captures the
rainwater off the roof of a greenhouse.

Simple rain barrel design.

(Source: Passive Solar
Greenhouse)

(Source: Maryland DNR
Green Building Program)

Rain Water Harvesting for
landscape use
(Source: The Texas Water Development Board)

Cisterns

Stormwater runoff cisterns are roof water management devices that
provide retention storage volume in above or underground storage
tanks. They are typically used for water supply. Cisterns are
generally larger than rain
barrels,

with

some

underground cisterns having
the

capacity

of

10,000

gallons. On-lot storage with

Tree Box Filter

later reuse of stormwater
Tree box filters are mini bioretention areas installed beneath trees
that can be very effective at controlling runoff, especially when
distributed throughout the site.1 Runoff is directed to the tree box,
where it is cleaned by vegetation and soil before entering a catch
basin. The runoff collected in the tree-boxes helps irrigate the trees.

also provides an opportunity
for water conservation and
the possibility of reducing
water utility costs.
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receiving waterbody (Figure 4-5). They also can be used as outlet or
pretreatment devices for other stormwater control practices. For LID
sites, a filter strip should be viewed as only one component in a
stormwater management system.

Manufactured Tree Box Filters For Stormwater Management
(Source: Virginia DCR Stormwater Management Program)
Tree box filters are based on an effective and widely used
“bioretention or rain garden” technology with improvements to
enhance pollutant removal, increase performance reliability, increase
ease of construction, reduce maintenance costs and improve
aesthetics. Typical landscape plants (shrubs, ornamental grasses,
trees and flowers) are used as an integral part of the bioretention /
filtration system. They can fit into any landscape scheme increasing
the quality of life in urban areas by adding beauty, habitat value, and
reducing urban heat island effects.

Grassed Swales

The system consists of a container filled with a soil mixture, a mulch
layer, under-drain system and a shrub or tree. Stormwater runoff
drains directly from impervious surfaces through a filter media.
Treated water flows out of the system through an under drain
connected to a storm drainpipe / inlet or into the surrounding
soil. Tree box filters can also be used to control runoff volumes /
flows by adding storage volume beneath the filter box with an outlet
control device.

Filter Strips
Filter strips are typically bands of close-growing vegetation, usually
grass, planted between pollutant source areas and a downstream
7
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Traditionally, swale designs were simple drainage and grassed
channels that primarily served to transport stormwater runoff away
from roadways and rights-of-way. Today designers can design these
channels to optimize their performance with respect to the various
hydrologic factors. Two types of grassed swales are being used for
this purpose.the dry swale, which provides both quantity (volume)
and quality control by facilitating stormwater infiltration, and the wet
swale, which uses residence time and natural growth to reduce
Source:
Low-Impact Development Design Strategies An Integrated Design
Approach http://www.epa.gov/nps/lidnatl.pdf
Urban Design Tools Low Impact Development
http://www.lid-stormwater.net/treeboxfilter_home.htm
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