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EXECUTIVE SUMMARY

This Toledo Harbor Sediment Management and Use Plan (THSMUP) was developed to assist

the Toledo Harbor Dredge Task Force (Task Force) in identifying and implementing a sediment

management and use strategy for the Toledo Harbor Federal navigation channel and

commercial/recreational non-federal channel that represents a consensus-based approach of

the diverse stakeholders represented by the Task Force.  The THSMUP was funded through

United States Environmental Protection Agency (USEPA) Great Lakes Restoration Initiative

(GLRI) Grant # GL-E00523 to the Ohio Lake Erie Commission (Ohio LEC).  The purpose of the

GLRI grant is to evaluate alternatives to current open-lake placement practices and to provide

recommendations for sediment management and use options including habitat restoration units

(HRUs) and other beneficial use concepts. Ohio LEC sub-granted the funding to the Toledo-

Lucas County Port Authority (TLCPA), who retained the Hull & Associates, Inc. (Hull) technical

team (Hull Team) to develop the THSMUP.  The Hull Team is comprised of engineering,

science, and consensus-building professionals from Hull, Moffatt and Nichol, ARCADIS, Great

Lakes Marketing, and Proudfoot Associates.

The Port of Toledo, Ohio, is the most heavily dredged port in the Great Lakes and is a critical

component of the economic viability of Northwest Ohio.  The Port facilitates commerce

throughout the entire Great Lakes and supports international commerce and commodity

transportation through the St. Lawrence Seaway.  To keep the Port operating, up to 1 million

cubic yards (CY) of sediment is dredged annually from the Toledo Harbor’s Federal and non-

federal channels. Recently, approximately 850,000 CY of material is typically dredged annually

from the Federal channel comprised by the 18-mile Lake Approach Channel in Maumee Bay

and western Lake Erie basin and the 7-mile River Channel in the Maumee River. This amount

varies by year based on lake levels and available funding.  A significant backlog exists to reach

the fully authorized channel depths. An additional, 100,000 CY of material is annually dredged

from the non-federal channel to support local recreational/commercial entities located along the

river and outside of the Federal channel.

Sediment dredged from the Toledo Harbor is currently managed by a combination of open-lake

placement and through placement into confined disposal facilities (CDFs) - with a minor portion

of dredged material being beneficially used. In 2009, USEPA encouraged the U.S. Army Corps

of Engineers (USACE) to continue exploration of beneficial uses of dredged material, including
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island creation/enhancement, which would benefit aquatic and avian species and reduce the

amount of sediment placed at the open-lake placement site.  In 2010, the Ohio Environmental

Protection Agency (Ohio EPA) expressed concern that continued open-lake placement, in its

current form, was an unsustainable practice due to potential environmental impacts and re-

suspension of dredge material in the shallow western basin of Lake Erie. Ohio EPA also

expressed concern about the potential impact of open-lake placement on excessive

sediment/nutrient loading to the western basin of Lake Erie and stated that a less

environmentally harmful way of dealing with the dredged sediment must be found, funded, and

implemented.

Because of potential environmental impacts resulting from the annual re-suspension of large

amounts of sediment (and accompanying nutrients) in the shallow western basin of Lake Erie, in

addition to the limited remaining space available in the existing CDFs, local stakeholders are

pursuing alternatives to current sediment management practices. This THSMUP identifies and

prioritizes practicable, implementable, economically sound, and environmentally acceptable

options, which could be implemented by federal, state, municipal, and private entities that must

dredge areas of the Toledo Harbor to maintain safe conditions for marine commerce,

recreational navigation, and other purposes.

The THSMUP identifies the following:

 recommended short-term (1-5 year) options and supporting documentation;

 recommended long-term (30-year) options and supporting documentation;

 funding needs and a listing of potential funding sources and activities (including
concepts of suggested legislative and regulatory changes); and

 timelines for implementation of recommended options.

While current upland management strategies to reduce the generation of sediments are

discussed briefly in this report, such strategies for management or reduction of sediment are not

included as part of this project.  Rather, the focus of this project is solely the management of

dredged material as it is related to federal and non-federal dredging. Additionally, this THSMUP

evaluates potential roles of environmentally enhanced dredging techniques such as hydraulic

dredging and open-lake placement with controls. This THSMUP includes an evaluation of in-

water (submerged HRUs, emergent HRUs, a new CDF, open-lake placement with controls, and

a new open-lake placement area located in deeper water without controls), nearshore (wetland
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restoration), upland (agricultural field improvements and beneficial use for non-structural fill)

sediment management and use options. Conceptual structural designs and preliminary costs

for each option considered were developed to assist with the evaluation, and while are not

necessarily accurate for budget purposes, are at an acceptable level of detail for comparative

purposes.

Options were ranked and prioritized through a comparative scoring analysis, which focused on

general physical attributes, logistics, geographic attributes, historic and projected dredging

volumes, habitat areas, initial relative cost estimates, and stakeholder input on the relative

importance of six major categories of technical criteria. These criteria included feasibility,

ecological benefits/effects, environmental impacts/effects, human benefits/effects, economic

benefits/effects, and implementation cost.  The goal of the comparative scoring analysis was to

complete a fair, equitable evaluation of options that can be very dissimilar in overall design,

relative ecological impacts/benefits, cost, and implementation.

The final ranking and prioritization of the sediment management and use options considered the

technical scoring and weighted factors assigned by the Task Force for the six major categories

of technical criteria.  For each sediment management and use option evaluated in this

THSMUP, a group of two engineers and two scientists from the Hull Team assigned technical

scores ranging from 1 to 5, with higher scores representing benefits and/or minimal

complications/complexity, to attributes identified within each major category of technical criteria.

The Task Force reached a consensus on weighting factors assigned to each technical criteria

category, ranging from 0-100, with higher values representing a higher degree of relative

importance of each technical criteria category compared to one another. For each sediment

management and use option evaluated, the weighting factors were multiplied by the technical

scores assigned for that option. The options evaluated were ranked in descending order, from

highest score to lowest score, to represent the prioritization of most-preferred to least-preferred

options as determined by the comparative analysis.

The comparative analysis was first completed assuming each single-option would

accommodate 30 million cubic yards of dredged material over 30 years. Results of the single-

option evaluation indicate that agricultural field improvements, wetland restoration and shoreline

protection, shallow water emergent HRU, and beneficial use options scored the highest.

Following the single-option evaluation, higher ranking single-options were considered for
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incorporation into a combination option capable of accommodating the 30 million cubic yards of

dredged material over 30 years recognizing that due to logistical complexity and impacts of

large project “footprints,” a combination of options might be more appropriate.  A combination of

options allows for more flexibility with respect to feasibility, practicality, and costs and provides

for opportunities to balance better the environmental, ecological, human, and economic impacts

and benefits. Wetland restoration and shoreline protection, agricultural field improvements,

open-lake placement with controls, and beneficial use were selected for the combination

scenario since they each scored highest in at least one technical criteria category during the

single-option evaluation.  When compared to the single-options, the combination option ranked

the highest, demonstrating that this combination option best balances environmental, ecological,

and economic benefits and impacts while minimizing overall unit cost.

This THSMUP presents a comprehensive sediment management solution for the Toledo Harbor

that is practical, protective of human health and the environment, represents a consensus of the

stakeholders, provides direction for implementation, and is essential to securing implementation

funding. Implementing such a strategy will require following any appropriate protocols related to

environmental reviews, permits, and other processes that consider engineering and science

principles as well as community concerns and issues raised by stakeholders. Ultimately, the

Task Force and stakeholders will be responsible for incorporating the recommendations from

the THSMUP into a strategy that can be implemented.

The evaluations completed were of sufficient level of detail that allowed for the development of

conceptual plans and costs for an evaluation and comparison of sediment management and use

options for material dredged from the Toledo Harbor.  The evaluations were completed with the

assumption that no significant change to USACE operations would occur.  The conceptual

designs and cost estimates presented in this THSMUP should not be considered final project

designs and final project cost estimates.  The conceptual designs and estimated costs were

developed with a sufficient level of detail and effort to account for major construction and

implementation costs so that a prioritization of sediment management options could be

completed by the Hull Team.

Comparative cost estimates were developed based on 2012 dollars using consistent

assumptions and procedures to serve as a guide to the Task Force in planning next steps and

to secure potential implementation funding.  When a specific option is selected for
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implementation, a site-specific design and evaluation, along with a detailed cost estimate, will

need to be completed to determine that the sediment source from a specific geographic location

is suitable for a specific end use and location. Since the comparative scoring analysis identified

the agricultural field improvement option as a preferred option that can be implemented

relatively quickly and that can be used to manage dredged material over the long-term,

additional refinement of the design and costs were completed to better position the option for a

pilot project or for full-scale implementation.

The refined costs were based on a re-evaluation of the major design components, including the

most economical dredging and operational methods available, and a better defined site-specific

potential placement location. Since the appropriateness of using dredged material for a given

beneficial use is dependent on the type and concentration of chemicals in the material, a

comparison of sediment quality to appropriate sediment environmental and ecological screening

criteria was completed. With the exception of material dredged from River Miles (RM) RM-1,

RM-2 and RM-4, the USACE has determined that all Federal channel dredged material is

suitable for in-water use (i.e. open-lake placement) based on chemical, elutriate and bioassay

testing, and water quality and bioaccumulation modeling.  This determination is based on

historic USEPA/USACE protocols and guidelines pursuant to Section 404 of the Clean Water

Act.

The Hull Team compared reported concentrations of select chemicals analyzed in Toledo

Harbor bulk sediment samples collected from the Federal channel in 2010 by the USACE to

appropriate upland environmental and ecological sediment screening criteria so that decisions

could be made regarding the environmental and ecological suitability of the implementation of

an upland sediment management and use option. It is generally accepted that sediment

screening criteria should not be used alone for decision-making and should be used in tandem

with other lines of evidence, such as bioassay and bioaccumulation data. The results of the

preliminary screening suggest that material dredged from the Federal channel is generally

suitable for upland uses (e.g. agricultural field improvement, non-structural fill), with the

exception of material dredged from RM-4 and LM-1.5.  Prior to implementing an upland

beneficial use option for sediments dredged from RM-4 and LM-1.5, additional Tier 2 through

Tier 4 sediment characterization testing might be necessary to evaluate site-specific biological

and toxicity testing.
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It is recognized that prior to implementing a specific sediment management and use option

identified in the THSMUP, additional monitoring and/or data evaluation might be necessary to

ensure the implementation of that option is feasible and protective of human health and the

environment at the location for which it is being considered. Such determinations might consist

of evaluations of existing data and/or the collection of new site-, use-, or material-specific data

to characterize the physical suitability (e.g. grain size, texture, plasticity, organic content, etc.)

engineering suitability (e.g. compatibility, consolidation, shear strength, etc.), and environmental

suitability (e.g. chemical concentrations, toxicity, leaching potential, etc.) of site-specific sources

of dredged material and a final use/placement option. Additionally, the beneficial use of

dredged material may likely require a materials management plan, which details the logistics of

using dredged material for upland uses, including stormwater controls, record keeping, and

methods to be implemented. This plan would be closely coordinated with Ohio EPA to ensure

compliance with applicable regulations and standards.

Prior to actual implementation of a sediment management and use option, the Task Force

should complete, as appropriate, the following site-specific characterization activities and

evaluations:

1. complete more detailed design cost sensitivity analyses which will also help
identify best mix (relative volume) and timing of individual components (original
allocations used for evaluation/discussion purposes in the combination approach
will likely change);

2. engage site-specific discussions with controlling entities and regulatory agencies;

3. dialogue with elected legislators regarding needs/range of required
legislation/funding needs;

4. initiate pilot projects (e.g. open-lake placement with controls and agricultural field
improvement option);

5. review findings of the USACE Section 204 study and the Phase II Phosphorus
Task Force report when they become available, and adjust the approach to
reflect new findings, if appropriate;

6. review and incorporate future open-lake placement data monitoring phosphorus
dynamics of dredged material and open-lake placement methods, as required by
the 2012 Section 401 WQC;

7. complete additional laboratory and field testing to address active consolidation
rates for relevant scenarios; and

8. complete more detailed evaluations of alternative dredging techniques compared
to infrastructure costs associated with sediment transportation to specific
sediment management and use options.
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TEC Threshold Effect Concentration
THSMUP Toledo Harbor Sediment Management and Use Plan
TLCPA Toledo-Lucas County Port Authority
USACE U.S. Army Corps of Engineers
USDA U.S. Department of Agriculture
USEPA U.S. Environmental Protection Agency
USFWS U.S. Fish & Wildlife Service
USGS U.S. Geological Survey
VAP Voluntary Action Program
WPCLF Water Pollution Control Loan Fund
WQC Water Quality Certification
WRDA Water Resources Development Act
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1.0 PROJECT BACKGROUND AND OBJECTIVES

1.1 Introduction
The Port of Toledo (Port) is a major Northwestern Ohio transportation center located on the

Maumee River in Toledo, Ohio. Figure 1 provides a Toledo Harbor Project Area Map. The Port

plays a critical role in the local, state, and national economy. Fifteen marine terminal operators

handle over 700 vessel calls and 12 million (M) tons of cargo per year (Toledo-Lucas County

Port Authority, 2012).  Nearly 7,000 jobs are supported by cargo operations with over $380

million in direct business revenue received by the businesses dependent upon the cargo

handled at the Port (Martin Associates, 2011).

The Port is the most heavily dredged port in the Great Lakes. Dredging the Toledo Harbor

Federal Navigation Channel (Federal channel) and commercial and recreational non-federal

navigation channels (non-federal channel) is critical in maintaining adequate depths for

commercial and recreational navigation. Up to 1M cubic yards (CY) of sediment is dredged

annually from the Toledo Harbor’s Federal and non-federal channels. Recently, approximately

850,000 CY of material is dredged annually from the Federal channel comprised by the 18-mile

Lake Approach Channel in Maumee Bay and western Lake Erie basin and the 7-mile River

Channel in the Maumee River (USACE, 2012).  Approximately 100,000 CY of material is

annually dredged from the non-federal channel to support local recreational/commercial entities

located along the river and outside of the Federal channel.

Sediment dredged from the Federal and non-federal channels of Toledo Harbor is currently

managed through a combination of open-lake placement and through placement into confined

disposal facilities (CDFs), with a minor portion of dredged material being beneficially used.

Over the last five years, an average of approximately 53,000 CY of material was dredged

annually from the non-federal channel and placed into existing CDFs. In recent years, up to

800,000 CY of material was dredged annually from the Federal channel and deposited in the

open lake placement area with a minor volume being placed in the CDF (material that fails to

meet Federal guidelines and applicable state water quality standards).  Open-lake placement of

the Toledo Harbor dredged material from the Federal channel began around 1985 and is

currently the primary means of dredged material management for the U.S. Army Corps of

Engineers (USACE).  Although most of the material currently meets United States

Environmental Protection Agency (USEPA) guidelines for open-lake placement, in 2009,
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USEPA encouraged the USACE to continue exploration of beneficial uses of dredged material,

including island creation/enhancement, which would benefit aquatic and avian species and

reduce the amount of sediment placed at the open-lake placement site.  In 2010, the Ohio

Environmental Protection Agency (Ohio EPA) expressed concern that continued open-lake

placement, in its current form, was an unsustainable practice due to potential environmental

impacts and re-suspension of dredge material in the shallow western basin of Lake Erie. Ohio

EPA also expressed concern about the potential impact of open-lake placement on excessive

sediment/nutrient loading to the western basin of Lake Erie and stated that a less

environmentally harmful way of dealing with the dredged sediment must be found, funded, and

implemented.

Harmful algal blooms (HABs), which include the toxic and non-toxic forms of Microcystis

aerunginosa, a blue-green algae, have been increasing during the summer in Lake Erie since

the mid-1990s (Conroy et al., 2005).  Additionally, increasing phosphorus concentrations

promote the growth of the toxic strain of Microcystis (Davis et al., 2009). Some stakeholders

are concerned that increased turbidity and the re-suspension of nutrient-laden sediment during

open-lake placement might increase the relative bioavailability of phosphorus and contribute to

HABs. The Ohio Phosphorus Task Force was convened in 2007 to identify various phosphorus

sources and impacts to Lake Erie and to recommend management strategies. The Ohio

Phosphorus Task Force estimated 1,096 metric tons (Ohio EPA, 2010) while recent USACE

communication estimated 913 metric tons of total phosphorus added as a result of open-lake

placement.  However, bioavailability associated with phosphorus release is unknown but is a

function of many factors which influence the forms and availability of phosphorus including

competing constituents (e.g. iron, aluminum), wind conditions, wave action, and temperature.

As part of this effort, open-lake placement of dredged material was identified as a potential

contributor and it was suggested that discontinuing open lake placement could improve net

phosphorus removal in Lake Erie (Ohio EPA, 2010).  The Ohio Phosphorus Task Force also

identified a lack of data related to open-lake placement of dredged material and its effect on

phosphorus bioavailability. USACE will complete additional testing to evaluate these potential

impacts in 2013 as required by the 2012 Ohio EPA-issued Section 401 Water Quality

Certification (WQC).  As required by the Section 401 WQC, the USACE must prepare a

sampling plan and protocols for approval by Ohio EPA to conduct phosphorus monitoring during

the 2012 dredging season.
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Unlike other maintenance programs where dredged material is largely comprised of sand, which

can often be readily put into beneficial use, Toledo Harbor sediments are largely comprised of

finer grained materials (silts and clays), which present relatively significant challenges to direct

use, including dewatering.  With limited remaining available storage capacity existing in nearby

CDFs, as well as the need to keep some CDF space in the event of an emergency response

(e.g. spill), and the State of Ohio’s opposition to current open-lake placement practices, the

implementation of a sediment management and use approach that addresses the sediment

management challenges of the Toledo Harbor is essential for the continued long-term operation

of the Port.

The Toledo Harbor Dredge Task Force (Task Force) was assembled in 2010 in part to develop

a sustainable approach to Toledo Harbor sediment management and to give participating

member organizations a voice in decisions related to dredge material management.  The Task

Force currently includes members from the following organizations: Toledo-Lucas County Port

Authority (TLCPA), maritime industry, Lake Erie Charterboat Association (LECBA), U.S.

Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS), U.S. Fish

and Wildlife Service (USFWS), USACE, Great Lakes Commission (GLC), United States

Geological Survey (USGS) Water Science Center, Ohio Department of Natural Resources (Ohio

DNR), Ohio EPA, Ohio Department of Transportation (ODOT), Ohio Department of

Development, Ohio Lake Erie Commission (Ohio LEC), Metroparks of the Toledo Area (MTA),

Lucas County, City of Oregon, City of Toledo, Ohio Sea Grant, and Western Lake Erie

Waterkeeper (LEW).  Participation by representatives of Task Force member organizations

does not necessarily represent the views or endorsements of the respective organization. Staff

members of Congressional representatives are invited to attend Task Force meetings to learn

about Toledo Harbor issues and to stay informed on Task Force activities.  The attendance of

Congressional representatives’ staff does not constitute Congressional officeholders’

endorsement, in whole or in part, of the Toledo Harbor Sediment Management and Use Plan

(THSMUP), of any sediment management and use option, and of the selection of options

considered in the THSMUP.

Since 2010, the Task Force has been exploring potential short- and long-term sediment

management and use options for materials dredged from the Toledo Harbor.  In 2010, the Ohio

LEC received funding through a USEPA Great Lakes Restoration Initiative (GLRI) Grant (Grant

# GL-E00523) to assist the Task Force in developing a THSMUP that identifies interim and
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long-term dredge material management and beneficial use options and opportunities for the

federal and non-federal channels at the Toledo Harbor.  The Ohio LEC sub-granted the funding

to the TLCPA, who retained a team led by Hull & Associates, Inc. (Hull) to facilitate the Task

Force with developing and implementing a solution for the sediment management and beneficial

use challenges facing stakeholders of the Toledo Harbor. The Hull Team includes professionals

from Moffatt and Nichol, ARCADIS, Great Lakes Marketing, Proudfoot Associates, and Hull.
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1.2 THSMUP Purpose
The purpose of the THSMUP is to identify and prioritize practicable, implementable,

economically sound, and environmentally acceptable options, which could be implemented by

federal, state, municipal, and private entities that must dredge areas of the Toledo Harbor to

maintain safe conditions for marine commerce, recreational navigation, and other purposes.

The THSMUP identifies the following:

 recommended short-term (1-5 year) options and supporting documentation;

 recommended long-term (30-year) options and supporting documentation;

 funding needs and a listing of potential funding sources and activities (including
suggested legislative and regulatory changes); and

 timelines for implementation of recommended options.

The prioritization of general management options were based on evaluations focused on

general physical attributes, logistics, geographic attributes, historic and projected dredging

volumes, habitat areas, initial cost estimates, and stakeholder support, as presented in the

following sections.

1.3 Quality Assurance Project Plan Compliance
Prior to initiating work for this project, the Hull Team completed a Quality Assurance Project

Plan (QAPP), which was approved by USEPA in June 2011 and subsequently revised in

November 2012 to reflect additional activities completed as part of this grant. The QAPP

presented the sediment management and use option evaluation approach, established data

quality objectives (DQOs), and identified project-specific quality assurance and control

procedures.  The suitability of the data used in the completion of evaluations included in this

THSMUP was evaluated in accordance with the procedures established by the QAPP prior to its

use.  Data were qualitatively and quantitatively assessed to determine whether the quantity,

type, and overall quality of data were suitable for its intended use and if appropriate procedures

were used in the generation of that data.

Work performed under this project relied primarily on existing data, also known as secondary

data, and generally did not generate any direct environmental data measurements.  All existing
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data and studies were evaluated according to the procedures outlined in the QAPP.  The quality

of secondary data was evaluated based on quality criteria relating to:

1. available and appropriate quality assurance and quality control information;

2. valid research design;

3. scientifically-accepted data collection/laboratory analysis methods;

4. appropriate data interpretation;

5. type of data;

6. age of data;

7. geographical appropriateness and representation;

8. temporal appropriateness and representation;

9. technological appropriateness and representation; and

10. economic and socio-economic appropriateness and representation.

The data quality criteria evaluation was completed by qualified professionals experienced with

industry standards regarding precision, accuracy, representativeness, completeness,

comparability, and sensitivity in accordance with the procedures established by the QAPP. All

data used to develop this THSMUP was determined to meet project DQOs established by the

QAPP and are used without limitation, with few exceptions.  In several instances, sufficient data

meeting project objectives could not be obtained, so it was necessary to use data of

unknown/non-verifiable quality to develop the THSMUP.  Unknown/non-verifiable data

presented in the THSMUP is marked as “not-verified” where appropriate.

Data verification, validation, and integrity were determined through self-assessments completed

by project personnel.  Data were reviewed for accuracy, representativeness, quality, and

sufficiency and checked for errors in transcription, calculations, and data input.  Data entered

into spreadsheets and drawings were checked against the original data measurements.

Calculations were completed by an engineer and checked by a peer reviewer prior to inclusion

in the THSMUP. Cost estimates were prepared by, and reviewed under the supervision of,

professionals who are competent in construction cost estimating, possess a working knowledge

of construction, and  capable of making professional determinations based on experience.
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1.4 THSMUP Limitations and Constraints
While current upland management strategies are discussed briefly in this report, upstream

efforts or options for management or reduction of sediment are not included as part of this

project.  Rather, the focus of this project is solely the management of dredged material as it

related to federal and non-federal dredging.

A variety of in-water and upland options were ranked and prioritized through a comparative

scoring analysis.  The goal of the comparative scoring analysis was to complete a fair, equitable

evaluation of options that can be very dissimilar in both overall design goal and implementation.

For example, the design and implementation of a wetland and CDF can be very different based

on the primary goals of habitat creation versus sediment containment, respectively.  This

comparative scoring analysis also allowed for the evaluation of a combination of options being

considered.  The prioritized options identified in the THSMUP were evaluated initially based on

criteria including direct physical attributes, capacity, cost, and stakeholder support.

This project does not include the specific design tasks necessary to implement a specific course

of action. If a sediment management and use option is selected for implementation, a site-

specific design and evaluation will need completed to determine that the sediment source from

a specific geographic location is suitable for a specific end use and location.  Such

determinations will consist of evaluations of existing data and/or the collection of new site-, use-,

or material-specific data to characterize the physical suitability (e.g. grain size, texture, plasticity,

organic content, etc.) engineering suitability (e.g. compatibility, consolidation, shear strength,

etc.), and environmental suitability (e.g. chemical concentrations, toxicity, leaching potential,

etc.) of site-specific sources of dredged material and a final use/placement option.  Additionally,

a detailed cost estimate should be completed, including the estimated utility requirements to

construct and operate the proposed option.  Permitting might need to be completed prior to

implementation of an option. Cost estimates reflect the level of detail of the completed

conceptual design and reflect the methods of construction, assumptions, and available data.

Because cost estimates rely on general project area data, and not site-specific data, a

contingency cost was developed and incorporated as a separate line item.

1.5 Existing Studies and Current Status
Toledo Harbor sediment management is not a new issue for study, as there have been several

studies prepared since the 1970s and studies of alternative options have been ongoing.  The
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USACE has performed extensive work in support of prior Long-Term Sediment Management

Plans (LTSMP), a joint effort of an interagency group to address the Maumee River watershed,

and through the Water Resources Development Act (WRDA) Section 204 Habitat Restoration

Unit (HRU) Studies.  Ohio EPA, NRCS, and local university researchers have also collected

data on sediment transport to Toledo Harbor via the Maumee River.  A list of relevant studies is

provided in Table 1.  This list is not meant to be exhaustive and does not include many reports

and articles related to Toledo Harbor dredging.  More information on the past options

considered, as well as detailed background information on Toledo Harbor and Maumee Bay,

can be found in many of these studies.

USACE-Buffalo District has investigated a variety of HRU projects within Maumee Bay using

dredged material from Toledo Harbor.  These studies have been initiated under Section 204 of

the WRDA of 1992, “Beneficial Use of Dredged Material”, which authorizes the USACE to

implement projects for the protection, restoration and creation of aquatic and ecologically

related habitats, including wetlands, or to reduce storm damage to property, in connection with

dredging for the construction or operation and maintenance (O&M) of an existing authorized

Federal navigation project.  As part of a Section 204 project, USACE contracted with Baird/URS

to complete conceptual designs for three island HRUs being considered for the Section 204

study.  All existing Section 204 Studies have transitioned to a General Investigations (GI) Study

due to the costs of viable options exceeding the Section 204 project limit of $5,000,000.  The

City of Toledo is no longer the non-federal sponsor for the current GI study due to the match

commitment conditions required under the new planning process. During the course of this

study, USACE has been concurrently been conducting relevant sediment management studies,

including the Section 204. Internal USACE policies prohibit the release of draft material prior to

Agency Technical Review. The release of the final Section 204 report has been delayed

several times. Additionally, changes in the USACE planning process and lack of non-federal

matching funds have further delayed the release of the final Section 204 report and progress of

the GI study. As a result, data and information contained in this concurrent study could not be

included in the THSMUP. Findings from this study should be considered in the implementation

of the THSMUP at the time of its release.
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 1

SUMMARY OF STUDIES RELATED TO TOLEDO HARBOR
SEDIMENT MANAGEMENT AND USE

Study Title Year Description Source
Beneficial Use of Dredged Material in Ohio
as an Upland Soil Substitute: Contaminant
Screening

2012
Contaminant screen of various ports,
including Toledo, to determine
potential beneficial use

Flottman, 2012

Toledo Harbor Habitat Restoration Unit
Conceptual Design Report Final - Draft 2011 Conceptual design for various habitat

restoration units URS/Baird, 2011

Development, Calibration, and Application
of the Lower Maumee River - Maumee Bay
Model

2010
Hydrodynamic sediment transport-
water quality model for the Lower
Maumee River

LimnoTech, 2010

Finding of No Significant Impact and
Environmental Assessment for Operations
and Maintenance Dredging and Placement
of Dredged Material in Toledo Harbor

2009

This document assesses the
environmental impacts of routine
maintenance at Toledo Harbor,
including dredging of the Federal
channel and placement of the material
in the open lake placement area.

U.S. Army Corps of
Engineers
(USACE), 2009

Long-Term Dredged Material Management
Plan within the context of Maumee River
Watershed Sediment Strategy: Executive
Committee Phase 4 Report with
Environmental Assessment

2001

Updates on implementation of
recommendations under the Phase 3
Report and presents recommendations
for future actions and studies.

USACE, 2001

Evaluation of Toledo Harbor Dredged
Material for Manufactured Soil, Phase I:
Greenhouse Bench Test

2001

Screening tests to evaluate the
feasibility of manufacturing soil using
dredged material from Toledo Harbor
CDF

Sturgis et al., 2001

Preliminary Environmental Assessment for
Beneficial Reuse of Toledo Harbor
Dredged Sediment for Shoreline Protection

1999

Determine the potential impacts of
proposed uses and develop general
recommendations for addressing
potential adverse effects

Hull & Associates,
Inc., 1999

Long-Term Dredged Material Management
Plan within the context of Maumee River
Watershed Sediment Strategy: Executive
Committee Phase 3 Report with
Environmental Assessment

1995

Recommendations regarding the
development of a long-term
management strategy for Toledo
Harbor dredged material

USACE, 1995

Long-Term Dredged Material Management
Plan within the context of Maumee River
Watershed Sediment Management
Strategy: Phase 1 Report

1993

Compilation of literature and field data
collected, reviewed and summarized
as well as initial formulation of problem
and potential solutions

USACE, 1993

Evaluation of Woodtick Peninsula and
Recreation Hill/Upland Disposal
Alternatives Using Toledo Harbor Dredge
Spoil Materials

1989
Study of a potential upland recreation
hill and Woodtick Peninsula restoration
alternative

Hull & Associates,
Inc., 1989

Preliminary Report of Alternative Dredge
Material Disposal for the Toledo, Ohio
Harbor

1987
Preliminary evaluation of sediment
management and use alternatives that
provide twenty years of capacity.

Hull & Associates,
Inc., 1987

In addition to the USACE study, the Ohio State University is currently completing a study on the

economic feasibility of using dredged material in soil blending, including the use of modeling to

optimize a network path from ports to soil blenders to end users. This work is expected to be

completed in 2014. ODOT’s effort to develop a standard specification for the use of dredged
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material as structural fill has been put on hold, but would be important to consider should this

work be resumed. Additionally, the State of Ohio is completing Phase II of the Ohio Phosphorus

Task Force as part of a 2011 USEPA GLRI grant.  As part of this project, current research

findings will be incorporated into a broader consensus on potential management strategies

necessary to address the harmful algal blooms in Western Lake Erie.  While this project does

not directly involve management of dredged material, its findings could have implications on

future management actions regarding Toledo Harbor dredged sediment.  The Phase II

Phosphorus Task Force project is expected to be completed in the spring of 2013. Findings

from the Phase II Phosphorus Task Force and other applicable studies should be considered in

the implementation of the THSMUP.

In general, the primary uses of existing data and studies were to:

1. identify and technically describe all HRU and other sediment management and
use approaches considered to date;

2. characterize the physical, ecological, economic feasibility, and final capacity of
each sediment management and use option;

3. quantify the scoring attributes of each sediment management and use option;

4. estimate the quantity of material to be managed and relative cost-effectiveness
for each beneficial use option (non-HRU alternative);

5. calculate anticipated sediment reductions associated with each sediment
reduction alternative identified;

6. identify and evaluate options and more environmentally acceptable dredging
techniques; and

7. rank and prioritize options through a comparative scoring analysis based on a
number of technical criteria including feasibility, implementation cost, and
ecological, environmental, human, and economic benefits/impacts.
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2.0 WATERSHED SEDIMENT REDUCTION

Sedimentation remains a significant issue for the Maumee River basin, with more sediment

being contributed to Lake Erie from the Maumee River than any other tributary.  An estimated

3.3M tons of sediment enters Lake Erie each year (NRCS, 2011).  Much of this sediment load is

delivered as a pulse in a small number of storm events annually.  Sediment runoff occurs during

heavy and widespread precipitation events as well as moderate storm events on frozen or

saturated ground.

Many regional and state plans have set sediment reduction goals for the Maumee and Lake Erie

basins.  The LTSMP called for a reduction of 130,000 tons, or approximately 10%.  The Lake

Erie Protection & Restoration Plan (Ohio LEC, 2008) calls for a 33% reduction in sediment

runoff into Lake Erie, or 495,000 metric tons for the Maumee River.

Several groups, including Task Force member organizations, are addressing upland efforts to

reduce the amount of sediment entering Maumee Bay and Lake Erie.  Trends suggest that

sediment runoff in the Maumee River basin has decreased.  Average annual suspended

sediment decreased approximately 7% between the timeframes of 1992-1996 and 2002-2006,

from 801,600 metric tons to 743,894 metrics tons (Baker, 2007).  Despite sediment reductions,

nutrient runoff remains an issue for the western Lake Erie basin.

While upland management options are not presented as part of the THSMUP, this section

discusses some of the ongoing work across the basin to address upland sources of sediment.  It

is not meant to serve as an exhaustive list of current efforts nor does it focus on efforts to

reduce upstream nutrient runoff.  Regardless of upstream sediment reductions, these practices

alone will not be enough to address issues associated with open-lake placement of dredged

sediment.

2.1 Agricultural Efforts
Sediment runoff from agricultural fields is the primary method of sediment delivery in the basin,

due in part to the large percentage of cultivated cropland.  Various programs and projects

address sediment runoff on agricultural fields.  Financial incentives for conservation practices

include the Wildlife Habitat Incentive Program, Environmental Quality Incentives Program,

Wetlands Reserve Program, Conservation Reserve Program, Conservation Reserve
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Enhancement Program, Conservation Security Program, and the Grassland Reserve Program.

These programs offer incentives to landowners to adopt or install conservation practices for a

variety of environmental benefits, including reducing sediment runoff.

2.1.1 Crop Residue Management
Conservation tillage is a farming practice where a varying percentage (at least 30%) of plant

residue is left on the soil surface, thereby reducing the potential of soil erosion by wind and

water.  Adoption of this practice began in the late 1980s, with over half of corn and soybean

fields farmed with conservation tillage by 1995 (Richards et al., 2002).  The USDA NRCS found

that between 2006 and 2010, approximately 58% of cropland in the western Lake Erie basin

employed some type of conservation tillage (mulch tillage or no-tillage) (NRCS, 2011).

Estimates for potential soil runoff on agricultural fields vary widely based on the farming

practices.  For example, one study estimated that the potential sediment delivery for

conventional tillage practices is 0.4 tons per acre per year, while reduced tillage practices and

no-till practices are estimated to be 0.2 tons per acre per year and 0.1 tons per acre per year,

respectively (Ouyang et al, 2005).  Results from a 2011 NRCS study suggest that the average

sediment loss rate for cropped land in the Great Lakes Region is 0.63 tons per acre per year

(NRCS, 2011).  The study found a 50% reduction in the amount of sediment entering rivers and

streams due to current conservation practices throughout the Great Lakes region (NRCS,

2011).  Without conservation practices, it is estimated that the average sediment loss rate in the

Great Lakes Region would be 1.2 tons per acre per year.  Actual rates of sediment loss are

variable based on the level of treatment and the inherent erodibility of soils on a specific site.

While these practices have been demonstrated effective at reducing sediment runoff, the impact

on nutrient dynamics and runoff on agricultural land remain relatively unknown.

2.1.2 Vegetative Cover
Vegetative cover is defined for the purposes of this document to include both cover crop (e.g.

alfalfa, rye, clovers) and buffers (e.g. filter strips, riparian buffers, windbreaks, wetland

restoration) which reduce soil, water, and nutrient runoff through the use of plants to uptake and

slow these materials. Vegetative cover also reduces the amount of fertilizer applied to fields

since the vegetation prevents erosion of nutrient-rich soil.

In 1995, a pilot study was completed to develop a locally led plan for sediment reduction.  As

part of this project, it was estimated that each acre of buffer can reduce the amount of dredging
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between 0.4-0.5 CY (NRCS, 1998).  It was estimated that 30% of corn and soybean fields, or

58,330 acres, would need buffers in order to reduce the sediment load by 29,000 CY.  In 1998,

the NRCS and partners completed the Ohio Lake Erie Buffer Initiative, which resulted in 44,701

acres of new conservation buffers between 1997 and 2004 (Davis, 2004).

2.2 Other Efforts
In addition to efforts to reduce sediment runoff on agricultural fields, measures have also been

taken to reduce the sedimentation associated with urban, forested, and industrial land.  Efforts

include rain gardens, best management practices associated with construction activities, and

Runoff on these types of land is a relatively minor facet of the sedimentation problem in the

Maumee River and western Lake Erie basins.

2.3 Watershed Sediment Reduction Summary
Upstream sediment management practices not only reduce soil erosion, but include a multitude

of ancillary benefits such as habitat improvement and reductions in water, pesticide, and

nutrient runoff. Sediment runoff in the Maumee River watershed has decreased over the last 30

years, likely as a result of best management practices on agricultural land (Richards et al.,

2008).  Current focus has shifted from reducing sediment runoff to reducing nutrient runoff,

specifically dissolved reactive phosphorus. In July 2012, the State of Ohio announced the Ohio

Clean Lakes Initiative, which aims to improve water quality and reduce HABs in the western

Lake Erie basin. As part of this program, funding from the Healthy Lake Erie Fund is expected

to be used to address nutrient runoff on agricultural lands, monitoring in the lake and tributaries,

and establishing pilot projects with the goal of reducing HABs. While these efforts focus on

nutrients, secondary impacts on soil runoff might be realized.

Even with continued upstream sediment reductions, upland efforts will not be sufficient to

significantly reduce the amount of dredging in the near term.  However, upland efforts are an

important part of a holistic sediment management approach.
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3.0 CURRENT DREDGING OPERATIONS, PLACEMENT AREAS, AND COSTS

3.1 Project Location and Description
For the purposes of this THSMUP, the Toledo Harbor project area is defined to encompass an

approximately 15 square-mile area of Southeastern Michigan and Northwestern Ohio, as

illustrated by the Toledo Harbor Project Area map presented on Figure 1.  The project area is

bounded to the west by Interstate 75, to the east by Cedar Point National Wildlife Refuge

(NWR), to the north by the Michigan state line, and extends south past Cedar Point NWR.

Toledo Harbor’s Federal and non-federal channels are located in the lower seven miles of the

Maumee River and the approach channel that extends 19 miles in Maumee Bay as described in

the following Sections.

3.1.1 Federal Channel
A “Federal” channel is one that has been designated by Congress. Funding for maintenance

dredging of the Federal channel was first initiated in 1866 through the Rivers and Harbors Act,

with the Federal channel completed in 1892. Successive Acts increased the authorized depth

from 15 feet in 1875 to 25 feet below low water datum (LWD)1 in 1936 (USACE, 1995).

Additional sections of the respective River and Lake channels were authorized to be deepened

to 27 feet and 28 feet in 1960.

3.1.2 Non-Federal Channel
Portions of the Maumee River outside of the Federal channel must be dredged in order to

facilitate safe navigation and docking at TLCPA facilities.  The TLCPA is facing many

challenges regarding sediment management and disposal activities associated with

maintenance dredging in the Maumee River.  The TLCPA’s permit issued by the USACE for

maintenance dredging of the recreational/commercial areas of the Maumee River between

Grassy Island and the Interstate 75 bridge adjacent to the Federal channel in Toledo, Ohio

(Department of the Army Permit No. 2000-00692) only allows for disposal of dredged materials

into TLCPA-owned portions of Facility 3 (see Section 3.4.1.1).

3.2 Dredging Operations

1 Elevation of the Low Water Datum (chart "0") is 569.2 feet (173.5 m) above Father Point, Quebec,
Canada according to the 1985 International Great Lakes Datum.
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An estimated 3.3M tons of sediment enters Lake Erie each year (NRCS, 2011).  While Lake

Erie receives a lower sediment load compared to other areas of the country, it has the highest

sediment load of all of the Great Lakes (Richards, 2011).  Further, the Maumee River

discharges more tons of sediment per year than any other tributary of the Great Lakes. Long-

term measurements of suspended sediment, or soil particles that are carried in water, has been

conducted by Heidelberg University by combining field samples with stream discharge,

measured through river gauges established by USGS. Suspended sediment load between

2002 and 2006 averaged over 740,000 metric tons (Baker, 2007). It is estimated that as much

as one-third of all the sediment that passes by the Maumee River USGS gauge in Waterville,

Ohio, which represents over 96% of the Maumee River watershed, is dredged from the Federal

channel (USACE, 1993).  Much of the annual sediment load is delivered in pulses in a small

number of storm events.

3.2.1 Dredging Techniques
Currently, USACE contractors primarily use mechanical dredging (with a clamshell bucket) for

dredging the Federal channel.  The sediment is loaded onto a scow that transports it to the

open-lake placement location where it is released from the bottom of the scow.  This method

has been the primary method over the last several years and is considered to be the least

disruptive of the generally available options.  The USACE is required to use the dredging

method and placement that is least costly and complies with applicable environmental laws and

regulations.

Non-federal dredging permit conditions typically require work to be done using an environmental

clamshell bucket or a hydraulic cutterhead dredge.  The sediment is beneficially used upland or

loaded onto a scow that transports it to a CDF, where it is either pumped into the placement

location or mechanically offloaded. In non-federal areas, sediments might contain legacy

contaminants that would not meet existing Federal guidelines for open-lake placement, as the

non-federal channel is not routinely dredged. Additionally, the extensive testing and evaluation

for open-lake placement suitability is not cost-effective relative to the small quantity of material

typically dredged from the non-federal channel compared to the quantity dredged from the

Federal channel.
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3.2.2 Dredging Schedule
As part of the conditions of the annual WQC, dredging and placement activities are only

permitted between July 1st and March 15th to ensure that fish spawning activities are not

disturbed.  However, dredging normally does not occur during the winter due to weather and

ice.  As a result, annual dredging typically occurs between July and November.

3.2.3 Dredging Volume and Center of Gravity
3.2.3.1 Federal
Due to shoaling of material, annual dredging of Toledo Harbor is required to ensure the

Federal channel remains navigable for deep-draft commercial navigation.  The USACE

Toledo Project Office, which assists in managing the dredging of the Toledo Harbor

Federal channel, provided estimates of the locations and volumes of dredged sediment

between 2001 and 2010.  The numbers provided are not exact and are estimated by the

USACE to quantify the effort of work by the dredging contractor.  Table 2 shows the total

sediment dredged per year and per Federal channel location (River or Lake).  Volumes

are calculated as equivalent “in-place” CY based on pre- and post-dredging bathymetric

surveys.

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 2

VOLUME OF SEDIMENT DREDGED IN THE
TOLEDO HARBOR FEDERAL CHANNEL BETWEEN 2001 AND 2010

Year Volume Dredged  from
River Channel (CY)

Volume Dredged from
Lake Channel (CY)

Total Volume Dredged
from Federal (CY)

2001 174,355 729,618 903,973
2002 133,500 300,000 433,500
2003 0 619,026 619,026
2004 0 689,900 689,900
2005 0 567,728 567,728
2006 0 620,852 620,852
2007 115,000 600,000 715,000
2008 0 540,000 540,000
2009 0 720,400 720,400
2010 50,000 734,052 784,052
Total Per Location 472,855 6,121,576 6,594,431

Notes
1. Data obtained from USACE reflects location and relative volume dredged between 2001 and 2010.
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Between 2001 and 2010, the USACE dredged over 6.5M CY of sediment from the

Federal channel, with an average of nearly 660,000 CY per year.  The majority of the

sediment (over 6.1M CY or approximately 93% of the ten-year total) was dredged from

the portion of the Federal channel within Lake Erie (Lake Channel); less than 0.5M CY

(or approximately 7% of the ten-year total) was dredged from the portion of the Federal

channel within the Maumee River (River Channel).  Dredging in the River Channel

occurred in only four of the ten years discussed above.

Center of gravity calculations were performed on dredge data to determine areas of the

federal navigation channel where the majority of dredging occurred over the last 10

years. The center of gravity was calculated separately for the River Channel and the

Lake Channel.  The River Channel includes Stations 0+00 through 291+00, and the

Lake Channel includes Stations 291+00 to 920+00.  The separation between Lake and

River (station 291+00) was determined based on volumes rather than physical location

in order to accurately calculate the center of gravities separately. Station 291+00 was

selected because it was a transition point from a section of the channel that had a

minimal amount (0 – 15,000 CY) of dredging required to a section that had a recordable

amount (15,000 – 200,000 CY) of dredging required. Calculations were then performed

on the combined data to establish overall center of gravity of dredging activity. A

memorandum discussing the center of gravity evaluation is provided in Appendix A.

Much of the Federal channel dredging over the last 10 years was completed near the

mouth of Maumee River, near River Mile 0 (RM-0), and approximately four miles

lakeward of the river mouth as depicted by Figure 2, the Toledo Harbor Center of

Gravity Map. The center of gravity for dredging within the Lake Channel was calculated

to be Station 593+00, approximately 1.4 miles northeast of Facility 3 and 6.8 miles

southwest of the open lake placement area. The center of gravity for dredging within the

River Channel was calculated to be Station 146+00, approximately 1.1 miles southwest

of the Interstate I-280/Maumee River crossing.

The center of gravity for dredging within the overall Federal channel was calculated to be

Station 559+00, approximately 0.9 mile northeast of Facility 3. In 1989, Hull calculated

the Federal channel overall center of gravity based on dredge data reported between

1984 and 1988 (“Evaluation of Woodtick Peninsula Restoration and Recreational
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Hill/Upland Disposal Alternatives using Toledo Harbor Dredge Spoil Material”, dated July

1989).  The overall center of gravity then was Station 568+00 (which is only a 900-foot

difference from Station 559+00 calculated above). The locations of the overall center of

gravity for dredging in the Federal channel calculated for years 2001 to 2010 and 1984

to 1988. Dredging of the Federal channel has not significantly changed over the last 30

years with respect to location and volume as depicted by Figure 2.
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3.2.3.2 Non-Federal Navigation Channel Dredging
The amount of material dredged in the non-federal channel varies each year depending

on project conditions and other special dredging projects. For example, approximately

78,000 CY was dredged for a new slip at the Great Lakes Maritime Museum for the

James M. Schoonmaker in 2012.  Table 3 shows the volume of sediment dredged from

the non-federal channel since 2008. Volume was obtained from the TLCPA and is

based on paid disposal fees.  The volumes do not reflect actual volumes of material

dredged from the non-federal channel.  Rather, they represent the volumes of material

placed into the TLCPA-owned portions of Facility 3. Since much of the non-federal

channel dredging is completed by private Port terminal operators and marinas and are

not routinely reported, the volumes provided are approximated representations of actual

non-federal dredged volumes.  Center of gravity calculations were not performed for the

non-federal dredging since available data does not include specific dredging locations.

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 3

VOLUME OF SEDIMENT DREDGED IN THE TOLEDO HARBOR NON-FEDERAL CHANNEL
AND PLACED IN FACILITY 3 BETWEEN 2008 AND 2012

Year
Volume of Material Dredged from
Non-federal Channel (CY)

2008 39,760
2009 69,255
2010 30,650
2011 24,508
2012 101,800
Total 265,973

Notes:

1. Quantity of material dredged was obtained from the TLCPA and is based on paid disposal fees paid to the
TLCPA for placement in Facility 3. Additional material dredged and beneficially used is not identified.

2. The 2012 volume includes an estimated 78,000 CY dredged for the James M. Schoonmaker slip.  Dredged
material was placed into City of Toledo-owned Penn 7/8.

3.3 Sediment Testing and Evaluation
Currently, placement of dredged material from the Federal channel is in accordance with 33

Code of Federal Regulations (CFR) § 335.7, which states that the Federal Standard is the

alternative or alternatives identified by USACE that are the least costly alternative(s) consistent

with sound engineering practices and meeting the environmental standards established by 40
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CFR § 230 Section 404(b)(1) guidelines. These guidelines originate from the Clean Water Act

and specify the testing and evaluation of the material, potential placement sites, and

surrounding areas that might be affected by the placement of the material.

Typically, USACE collects and analyzes water and sediment samples from the Federal channel,

open lake placement area, and open lake reference area every five years.  The sediment

evaluation as to whether the material is suitable for open-lake placement is made using the

analytical results from these, and any supplemental sediment testing, in accordance with the

procedures in the Great Lakes Dredged Material Testing and Evaluation Method

(USEPA/USACE, 1998) and the Evaluation of Dredged Material Proposed for Discharge in

Waters of the U.S. - Testing Manual, also known as the “Inland Testing Manual”

(USEPA/USACE 1991).  Generally, sediment evaluation follows a four-tiered approach,

involving site-specific testing and data evaluation. Tier 1 involves the use of existing data

reported for general physical and chemical analyses to determine whether sufficient data exists

to make determination on the suitability to place the material in the open lake placement area.

Tier 2 involves the collection of additional data as well as modeling and evaluation. Tier 3 and

Tier 4 involve biological effects-based testing and site-specific tests, respectively.  Once

sufficient data is gathered or collected, a determination is made as to whether the discharge will

or will not have any unacceptable, adverse contaminant-related effects.

A decision on the suitability of open-lake placement is currently made based on compliance with

Clean Water Act Section 404(b)(1) guidelines, which includes the issuance of a Clean Water Act

Section 401 WQC by Ohio EPA and the issuance of a Coastal Management Program

Consistency determination by Ohio DNR. Ohio EPA issues the Toledo Harbor WQC annually.

As part of the 2012 WQC, Ohio EPA required USACE to submit a detailed phosphorus

testing/monitoring plan for implementation during the 2013 dredging season. Data gathered

during the 2013 dredging season will assist stakeholders to better understand the dynamics of

nutrient re-suspension as a result of open-lake placement.

Additionally, the USACE and USEPA are in the process of revising the sediment evaluation

guidelines to include one guidance document for both the Ocean and Inland Testing as well as

to incorporate a risk management framework (Kreitinger, 2012).  Risk management can include

factors such as dredging windows, engineering controls, work sequencing, and modifying

bioavailability of nutrients and/or contaminants of concern (COCs).  Revisions to the Ocean
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Testing Manual/Inland Testing Manual are expected to take approximately one year, with the

revisions estimated to be completed in late 2013 (Joseph Kreitinger, personal communication,

July 13, 2012).  Incorporation of a revised sediment evaluation approach into the Federal

Standard could impact the evaluation and management of Toledo Harbor sediment by allowing

for the incorporation of risk identification (e.g. potential impacts to human health and the aquatic

ecosystem) and management strategies (e.g. engineering controls) in order to mitigate

environmental concerns.

3.3.1 Sediment Characteristics
Sediments dredged from the Federal channel are primarily silts, clays, and some fine sands

(USACE, 2009).  Traditional contaminants of concern include heavy metals, phosphorus,

polycyclic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides.  Detailed

physical and chemical characteristics of Toledo Harbor dredged sediment are provided in the

memorandum included as Appendix B. Results of the most recent evaluation of Toledo Harbor

sediment with respect to open-lake placement, completed by USACE, is included as an

attachment in Appendix B. This document summarizes sampling completed in 2010 and the

associated sediment quality evaluation results. Maximum concentrations reported for bulk

chemistry testing during the USACE’s 2010 sampling events is summarized in Table B-1 of

Appendix B.

3.3.2 Evaluation of Dredged Material for Specific End Uses
Geotechnical, engineering, chemical, and biological properties of dredged material should be

evaluated when determining the suitability of dredged material for a specific beneficial use.

Each beneficial use option requires different types of evaluation due to differences in structural

requirements, human and ecological exposure, potential contaminant pathways, and receptors

of concern.

Dredged material is typically evaluated for human and environmental risk through a process

similar to that described above.  Available data is compared to different sediment screening

criteria based on the specific end use of the material (i.e. residential use, commercial use, and

habitat creation).  The seven sets of screening criteria include the following: U.S. EPA Regional

Screening Levels (RSLs) for industrial soil, RSLs for residential soil, Ohio EPA Voluntary Action

Program (VAP) direct contact soil standards for commercial/industrial land use, VAP direct

contact soil standards for residential land use, Ohio EPA sediment reference values (SRVs),
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U.S. EPA Region 5 Ecological Screening Levels (ESLs) for sediments, and Threshold Effect

Concentrations (TECs) from MacDonald, Ingersoll, and Berger (2000).

Maximum concentrations reported for bulk chemistry testing during the USACE’s 2010 sampling

events is summarized by Table B-1 included in Appendix B. Additionally, an initial screening

analysis was completed on the maximum concentrations and can be found in the memorandum

provided in Appendix B-2. As shown in Table B-1, maximum reported concentrations from the

2010 sampling of Toledo Harbor sediments indicate that of one or more of thirty analytes

exceed the SRV, TEC, or sediment ESL at 16 locations.  However, Table B-1 also shows that

the exceedance of the residential soil RSL for several PAHs (benz[a]anthracene,

benzo[a]pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene and  indeno[1,2,3-cd]pyrene) is

limited to the results reported the results reported from the 2010 sampling at RM-4.

Dibenz(a,h)anthracene slightly exceeded the residential soil RSL at LM-1.5. While exceeding

the residential RSL of 0.39 milligram/kilogram (mg/kg), the maximum reported arsenic

concentration from the 2010 sampling event (11 mg/kg) falls at the background concentration

represented by the Huron Lake Erie Plain Region (HELP) SRV of 11 mg/kg and is therefore

consistent with naturally-occurring arsenic levels.  Therefore, most Toledo Harbor sediments

may also be appropriately used for upland uses (e.g. agricultural field improvement, non-

structural fill), with the exception of sediments dredged from RM-4 and LM-1.5.  Prior to

implementing an upland beneficial use option for sediments dredged from RM-4 and LM-1.5,

additional Tier 2 through Tier 4 sediment characterization testing might be necessary to

evaluate site-specific biological and toxicity testing.

With the exception of material dredged from RM-1, RM-2, and RM-4, the USACE has

determined that all Federal channel dredged material is suitable for in-water use (i.e. open-lake

placement) based on chemical, elutriate and bioassay testing, and water quality and

bioaccumulation modeling.  This determination is based on existing USEPA/USACE protocols

and guidelines pursuant to Section 404 of the Clean Water Act. Material dredged from RM-1,

RM-2, and RM-4 is currently required to be placed into Cell 2 of the USACE portion of Facility 3.

Prior to implementation of a specific beneficial use option, physical, chemical, and biological

characterization of the material should be completed to ensure the dredged material is suitable

for the proposed placement site. Additional samples should be collected at multiple sample

locations to determine the variety of sediment types that exist. Because some sediment types
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may be better suited for one option than another, the type of sediment testing and evaluation

will be dependent on the proposed end use. For example, structural end uses may require

compaction and shear strength testing while non-structural use options may require column

settling and consolidation testing. Use of the dredged material to grow vegetation would likely

require additional nutrient, pH, alkalinity, and salinity testing. If initial testing for a proposed end

use suggests the material is unsuitable, further evaluations could be completed to identify

whether treatment, amendments, or controls would make the material suitable for the proposed

end use. Prior to implementing any end use option, the material must be evaluated with respect

to potential contaminants of concern to ensure the use of the material is protective of human

health and the environment.

Additionally, the implementation of a beneficial use project will likely require the completion of a

materials management plan, which typically includes a detailed description of the end use of the

material, the method of management practices at the site to be implemented in order to protect

waters of the State and human health and the environment, stormwater controls, applicable

setbacks from waterways and water supplies, and a record keeping and retention plan. Ohio

EPA is currently developing guidelines for developing and implementing materials management

plans during beneficial use projects. The materials management plan would likely include a

site-specific human health and environmental risk evaluation, stormwater pollution and

prevention plan, source material characterization, and procedures established to document the

placement and use of the material.  Development of a materials management plan would need

to be closely coordinated with Ohio EPA.

Although Ohio EPA currently classifies dredged material as a waste product, they are currently

developing a beneficial use regulatory program that establishes a tiered approach to guide the

beneficial use approval process for dredged material and other waste products. The tiered

approach could include pre-approval for certain byproduct categories (e.g. asphalt, concrete,

etc.), general permits in which sufficient characterization data exists, and individual permits in

which a material characterization plan would need to be developed. Ohio EPA is considering

how to classify and regulate dredged material, including adopting risk-based health standards to

ensure its use is protective of human health and the environment.
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3.4 Federal and Non-Federal Dredged Material Placement Locations
Depending on the results of the sediment evaluation, dredged material from the Federal channel

is placed into a CDF or at the currently designated open lake placement area.  Material dredged

from the non-federal channel is typically placed into a CDF.

3.4.1 Existing CDFs and Upland Placement Areas
Federally dredged material that does not meet the Federal Standard, as well as non-federally

dredged material, is primarily placed into an existing CDF or beneficially used at an upland

location with appropriate Ohio EPA surface water approvals.

3.4.1.1 Facility 3
Facility 3, also called Site 3, was constructed in 1976.  An extension was built in 1993

(USACE, 1995).  The existing CDF is approximately 495 acres and is composed of three

different areas as depicted by Figure 3, the Toledo Harbor Confined Disposal Facilities

Map:

1. Cell 1 (CDF #1) is approximately 240 acres and is an L-shaped in-lake
CDF.  Cell 1 was constructed in 1976 and is currently not in use.  This cell
has been owned by the TLCPA since 1999 and is the area used by a
contractor (S & L Fertilizer) to create a soil-like material for beneficial use.

2. Cell 2 (CDF #2) is approximately 155 acres and irregularly shaped,
located adjacent to Cell 1.  Cell 2 is owned by the USACE and was
completed in 1993.  It is currently not in use since all federal dredging is
placed in the open lake placement area.  However, any dredged material
that does not meet Federal guidelines for open-lake placement is typically
placed into Cell 2, reserved for spills, etc.

3. Cell 3 (TLCPA Facility 3) is approximately 100 acres and includes three
separate sub-sections.  Two areas are owned and operated by the
TLCPA and sub-divided into the “wart” and the “banana”, and are
approximately 17 acres. Portions of these units are managed by the
TLCPA while others are leased to and operated by different entities.
Non-federal dredged sediment is typically placed in Cell 3.  The final sub-
section is owned and operated by Toledo Edison for fly ash and other
coal combustion byproduct management, and is located in the southwest
corner of the CDF. Currently, the Toledo Edison site is not used for
placement of material and is not being considered as part of the
THSMUP.
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TLCPA manages the “wart” and “banana” areas of Cell 3 as well as the “S&L” area of

Cell 1. The “banana” area is currently being used for disposal while the “wart” area has

reached capacity.

3.4.1.2 Grassy Island
Grassy Island, also called Island 18, was constructed in 1962 with an initial capacity of

5M CY.  It was expanded in 1977 by USACE.  Grassy Island is approximately 150 acres

and was used throughout the 1970s to place material from the Federal channel, but has

not been used since 2007 (USACE, 1993). The dike breached after use and a

temporary repair was completed in 2007. Grassy Island currently requires a permanent

repair to a dike breach prior to being able to accept dredged material, but once repaired

could accommodate 1.8M CY.

3.4.1.3 Penn 7, Penn 8, and Riverside Park
The City of Toledo owns and operates the Penn 7, Penn 8, and Riverside Park facilities,

which are located north of Interstate 280 along the banks of the Maumee River, to

manage dredged material and other materials. These facilities are approximately 59

acres, 30 acres, and 52 acres, respectively, are not intended to accommodate significant

quantities of material. Terrestrial habitat in these areas, if present, is of low quality.

Much of Penn 7 is heavily vegetated with some open areas in the southern portion of the

property. Penn 8 is mostly vegetated with low quality terrestrial species (e.g.

cottonwoods, scrub grass, and phragmites). Riverside contains little to no vegetation

and is currently being used to place material dredged from the USS Schoonmaker berth.

3.4.2 Open Lake Placement Area
Currently, the USACE places federally dredged material in the northeast half of the open lake

placement area, located at approximately Lake Mile 11 (LM-11).  Depths within this area are

approximately 20-23 feet below LWD (USACE, 2009).  This area has been permitted and in use

since the mid-1980s.  All federally dredged material that meets the Federal Standard is placed

in the open lake placement area. The remaining useful life of the open lake placement area is

unknown.
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FIGURE 3

TOLEDO HARBOR CONFINED DISPOSAL FACILITIES MAP
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3.5 Costs
Federal and non-federal dredging costs vary and are dependent on the type of equipment used,

the volume of material dredged, and local economic factors. The USACE completes dredging

through a Federal contracting process.  Generally, the USACE awards one to two contracts per

year for the Lake Channel and the River Channel dredging.  Since these contract(s) involve

removing a large volume of material over a relatively long period of time, the unit price is

generally lower than non-federal dredging due to reduced mobilization/demobilization expenses

and use of larger equipment. The recent average cost for dredging and open-lake placement of

sediment from the Federal channel is between $5/CY and $6/CY.  This rate has decreased in

recent years due to the competition and availability of contractors interested in the dredging

work.  The USACE uses sonar surveys of the Federal channel prior to and after dredging to

estimate “cut” volumes of sediment dredged.  This serves as an attempt to quantify the

contractor’s level of effort during dredge operations.  Due to the capacity of the sediment to hold

water and buoyancy effects, the volume estimated between surveys also includes significant

water that is mixed with the sediment while in-situ. Dredging costs are based on the reported

cut volumes.

Non-federal dredging is typically completed by the Port terminal operators or contracted

privately or through local stakeholders (e.g. City of Toledo and TLCPA).  Since these individual

projects remove small volumes of material from the non-federal channel over a relatively short

period of time, the unit price is generally greater than the federal dredging.  The non-federal

dredge material cannot be placed in the open lake placement area.  The material must be

placed in an upland location or within a CDF, which adds to the overall cost. Any material

placed in TLCPA-owned portions of Facility 3 is subject to a tipping fee ranging between $6 and

$9, depending on the entity completing the dredging.

The volume of material and associated costs used for evaluating each option was based on the

cut volumes removed from the channel and reported by the USACE.  Unless specified,

consolidation was not considered and no volume reductions applied.

3.6 Funding Sources for Federal and Non-federal Dredging
Authority for USACE to dredge Federal navigation channels is provided through public laws,

including the 1986 WRDA as well as various Rivers and Harbors Acts.  Funding to dredge the

Federal channel is determined through the Congressional budget and appropriations process.
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The USACE-Buffalo District generally recommends a funding level for each harbor, which is

submitted to the Great Lakes Navigational Team, who then packages all requests across the

Great Lakes into one submittal that goes through regional and national headquarters.  The

Office of Budget and Management makes a recommendation on funding levels, which is

released in the President’s budget every February in the year preceding the fiscal year.  Due to

budget limitations, projects are rarely funded at a level that allows for the entire channel to be

dredged to authorized depths.

Funding to dredge the non-federal channel is the responsibility of private and public

stakeholders completing projects within the non-federal channel. Parties involved in funding the

dredging of the non-federal channel include Port terminal operators, marinas, TLCPA, City of

Toledo, and other local stakeholders.
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4.0 SEDIMENT MANAGEMENT AND USE OPTION EVALUATION METHOD

4.1 Introduction
This THSMUP was funded by a USEPA GLRI grant and was developed to assist the Task

Force in identifying and implementing a sediment management and use strategy for the Toledo

Harbor Federal channel and commercial/recreational non-federal channel that represents a

consensus-based approach of the diverse stakeholders represented by the Task Force.  The

purpose of the GLRI grant is to evaluate alternatives to current open-lake placement practices

and to provide recommendations for sediment management and use options including HRUs

and other beneficial use concepts.

Sustainable practices to manage dredged material from Toledo Harbor in a manner that

balances economic and environmental aspects were evaluated by a technical team, led by Hull.

This project included multiple steps, including public forums, evaluation, and comparison of

sediment management and use options, and stakeholder review as depicted in Figure 4,

Graphical Representation of the Toledo Harbor Sediment Management and Use Project Steps.

Evaluation and comparison of options was completed by a technical team comprised of two

engineers and two scientists.  The technical team worked with the Task Force to complete the

evaluation of sediment management and use options presented in the following sections.  This

evaluation incorporated many different factors such as cost, environmental benefit, and

economic benefit.  While these factors are very different, the evaluation approach incorporated

a uniform method of comparing these factors to one another.
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FIGURE 4

GRAPHICAL REPRESENTATION OF THE TOLEDO HARBOR
SEDIMENT MANAGEMENT AND USE PROJECT STEPS

The project technical team identified several management use option categories including:

 In-water - options that will be located in Maumee Bay (e.g. HRUs, CDFs);

 Nearshore - options that will be located along or near the shoreline (e.g.
wetlands, shoreline protection);

 Upland - options that will be located on land within the western Lake Erie basin
(e.g. agricultural improvements, monofills, brownfields); and

 Products - options that will involve the use of dredged material to create goods
that have a market value (e.g. manufactured soil, structural fill).

These categories of options were discussed in an initial first public forum, where stakeholders

had the opportunity to provide input on preferred options as well as share additional ideas for

sediment management and use options and locations.

Preliminary options that were clearly infeasible or unreasonable, or did not have the potential to

minimally satisfy most of the project objectives, were eliminated from further study.  Options that
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were carried forward were evaluated using a weighted matrix approach.  The matrix

incorporates the relative importance of six major categories of technical criteria (weighting

factors) that were considered in the evaluation of each option.  The major categories of

technical criteria included:

 Feasibility - criteria addressing the technical, logistical, institutional, and
constructability of an option;

 Ecological Benefits/Effects - criteria addressing the impacts of an option on the
natural and living environment including wetlands, aquatic and terrestrial
communities, and protected species;

 Environmental Impacts/Effects - criteria addressing the impacts of an option on
factors such as groundwater quality, surface water quality, land improvements,
and hydro-dynamic effects (e.g. impacts on littoral drift or currents);

 Human Benefits - criteria addressing the impacts of an option on factors such as
recreation opportunity, flood protection, aesthetics, human health risk, and
navigational safety;

 Economic Benefits/Effects - criteria addressing the impacts of an option on
factors such revenue generation, job creation, tourism, public need, and local
commerce; and

 Implementation Costs - criteria addressing an option’s total cost per CY.

The scoring of each sediment management and use option involved a technical score and a

weighting factor for each of the six categories.  Each technical criteria category was assigned a

weighting factor, from 0-100, by the Task Force, as described in Section 4.3.  The weighting

factor represents the relative importance of each technical criteria category compared to one

another.  These weighting factors were multiplied by the technical score, which was based on a

score of 1-5 for multiple criteria within each category, as determined by the technical team and

described in Section 7.2.  Figure 5 shows a graphical representation of the scoring matrix

procedure.
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FIGURE 5

GRAPHICAL REPRESENTATION OF THE SCORING METHOD

4.2 First Public Forum
The first public forum was completed on Thursday, June 16, 2011 to gather stakeholder input on

potential options and relative importance of the six major categories of technical criteria, which

would later be used to prioritize viable options.  Task Force members shared background

information and conveyed current challenges associated with sediment management in the

Toledo Harbor from both economic and environmental perspectives with the attendees. The

forum was jointly hosted by the GLC, Ohio LEC, and TLCPA.

The initial public forum provided stakeholders with an overview of the planning process and

provided an opportunity for the Task Force members to get ideas and input regarding priorities

from stakeholders.  The input received from stakeholders guided the Task Force through the

decision making process in prioritizing and evaluating technical alternatives for inclusion in the

THSMUP.

The major objectives of the first public forum were to:

 identify all sediment management and approaches considered to date;

 identify stakeholder issues and priorities;
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 solicit ideas on alternatives to assist the Task Force in establishing objective
criteria that will be used to formulate alternatives that reflect stakeholder issues
and priorities; and

 solicit and compile information from the public and agencies concerning potential
data gaps.

Forum attendees had the opportunity to share their ideas for beneficial use of sediment for

consideration, and potential incorporation into a sediment management strategy for the Toledo

Harbor that is being developed by the Task Force. Ideas solicited from stakeholders comprised

four major categories of alternatives. Table 4 provides a list of sediment management and use

options discussed at the first public forum.

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 4

LIST OF SEDIMENT MANAGEMENT AND USE OPTIONS
DISCUSSED AT THE FIRST PUBLIC FORUM

Option/Alternative Category Option/Alternative

In-Water

Submerged Aquatic Habitat Restoration Unit

Emergent Habitat Restoration Unit

Confined Disposal Facility

Nearshore
Wetland Restoration
Shoreline Protection

Upland
Brownfields, Landfill Caps, and Mine Reclamation
Agricultural Improvements
Inland Monofill

Products Manufactured Soil, Asphalt, Concrete, and Construction
Materials, Structural Fill, and Other

Nearly 70 stakeholders attended the first forum.  Ideas suggested by stakeholders for inclusion

in the THSMUP included habitat and wetland protection, creation, restoration; brownfield

reclamation; engineered uses; quarry and mine reclamation; product development; agricultural

enhancements; and recreational uses. The monofill option was not carried forward due to little

interest from stakeholders.
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Stakeholders also ranked the importance of the six criteria categories.  Figure 6 provides a

graph that the results of the stakeholders’ prioritization of technical criteria used to identify

sediment management options.  In general, the graph illustrates that a dominant priority for

specific criteria was not identified by stakeholders.  The graph illustrates that all criteria are

generally weighted equally by the stakeholders.  A complete summary of the first public forum is

provided in Appendix C.

TOLEDO HARBOR SEDIMENT MANAGEMENT
AND USE PLAN

FIGURE 6

FIRST PUBLIC FORUM PRIORITIZATION OF TECHNICAL CRITERIA

4.3 Task Force Weighting Factors
Following the June 2011 forum, the technical team presented the Task Force with a summary of

sediment management and use options and prioritization of technical criteria provided by

stakeholders during the first public forum.  The Task Force assigned weighting factors to the six

technical criteria categories.  Each member organization was provided with guidance for

assigning weighting factors, which included the results of the stakeholders’ prioritization (see

Appendix D).  Representatives of participating organizations assigned values between zero

(least importance) and 100 (highest importance) to each of the six criteria categories, with the
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sum of the category scores not exceeding 100.  Results were compiled and presented at the

December 2011 Task Force meeting.  During this meeting, members of the Task Force

discussed their weighting factor scores and each organization was given the opportunity to

reallocate points to a different category based on group discussion.  The final weighting scores

were averaged and used as the weighting factor for each criteria category in the matrix.  A

summary of the weighting factors assigned by organizational members of the Task Force is

provided In Table 5.  This table identifies the minimum and maximum weighting factor assigned

for each technical criteria as well as the median and average calculated for each technical

criteria category.
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TABLE 5

SUMMARY OF WEIGHTING FACTORS ASSIGNED BY THE TOLEDO HARBOR TASK FORCE

Category of Technical Criteria Final Assigned Weighting Factor

M
in

im
um

M
ax

im
um

M
ed

ia
n

A
ve

ra
ge

Organization: TLCPA Ohio
LEC MTA Ohio

EPA Toledo Ohio
DNR ODOT LECBA NRCS Maritime LEW USFWS

1. Feasibility 40 20 30 20 15 15 15 15 0 15 25 0 0 40 15 18
2. Ecological Benefits 5 15 15 25 30 20 10 45 30 10 15 40 5 45 17.5 22

3. Environmental Impacts 5 15 15 25 20 15 7 12 60 10 15 40 5 60 15 20

4. Human Benefits 5 15 20 5 10 20 7 2 0 10 10 10 0 20 10 10
5. Economic Benefits 5 15 10 10 15 15 31 18 10 15 15 10 5 31 15 14
6. Implementation Costs 40 20 10 15 10 15 30 8 0 40 20 0 0 40 15 17

Notes:
1.  Weighting factors were assigned by representatives of the organization that participate in the Toledo Harbor Task Force.  Participating

organizations include Toledo-Lucas County Port Authority (TLCPA), Ohio Lake Erie Commission (Ohio LEC), Metroparks of the
Toledo Area (MTA), Ohio Environmental Protection Agency (Ohio EPA) , City of Toledo (Toledo), Ohio Department of Natural
Resources (Ohio DNR), Ohio Department of Transportation (ODOT), Lake Erie Charter Boat Association (LECBA), U.S. Department
of Agriculture National Resource Conservation Service (NRCS), Maritime Industry, Lake Erie Waterkeeper (LEW), and U.S. Fish and
Wildlife Service (USFWS).

2. Representatives of participating organizations assigned values between zero (least importance) and 100 (highest importance) for
each of the six technical categories.  The weighting factors presented do not represent the opinion of the organization.

3. The sum of assigned weighting factors across all technical categories equals 100.
4. The U.S. Geological Survey (USGS) Ohio Water Science Center did not participate in assigning weighting factors
5. No response was received from representatives of the following invited organizations: Office of Congressman Bob Latta, Lucas

County, Ohio Department of Development, City of Oregon, U.S. Army Corps of Engineers, Great Lakes Commission, Ohio Sea Grant
Program, and Office of Senator Sherrod Brown.
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5.0 SEDIMENT MANAGEMENT AND USE OPTIONS

Dredged sediment is increasingly being seen as a resource rather than a waste product.

Dredged material from the Toledo Harbor provides several opportunities for using the material in

a manner that benefits the local area.  Many ideas have been identified over the years. Based

on information obtained during the first public forum and the Hull Team’s experience with other

beneficial use opportunities, upland, nearshore, and in-water conceptual options were identified

and include:

Upland

 beneficial use as non-structural fill

 agricultural field improvements

Nearshore

 wetland restoration and shoreline protection

In-water

 submerged HRU

 emergent HRU

 open-lake placement with controls

 open-lake placement in a new location

 new CDF

Schematic drawings of each option are illustrated by Figure 7, Conceptual Drawings of Potential

Sediment Management and Use Options.  Sections 5.1 through 5.3 provide a detailed

description of each option as well as the major assumptions used in the evaluation process.
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FIGURE 7

CONCEPTUAL DRAWINGS OF POTENTIAL SEDIMENT
MANAGEMENT AND USE OPTIONS
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5.1 Upland Management and Use Options
Dredge material has been used in several upland soil related alternatives across the country, as

well as locally.  Upland management and use options involve the placement of dredged material

on land as part of fill material, soil substitutes, or enhancements.  Several upland use options

were evaluated as part of this project, as discussed below.

5.1.1 Beneficial Use of Dredged Material as Non-Structural Fill
As part of this option, dredged material would be used as non-structural fill, both for construction

and environmental projects.  Some of these beneficial use options include Nu-Soil, brownfield

revitalization, non-structural fill, agricultural field enhancements, etc.

For this option, it was assumed that a non-structural fill would be given away at no cost to the

accepting end users.  The dredged material would be hauled from the dredging operations to

the existing CDF location and off-loaded from the barge into a designated re-handling area on

land.  This material would then be loaded into trucks and transported to a pre-determined

process/dewatering site, which would be purchased, or rented, from the land owner.  This site

would have staging areas for the dewatering of saturated material, stockpiling of drying agent

(e.g. lime) and the mixing process. Appendix G-1 contains a conceptual layout for the

process/dewatering site. The saturated material would be stockpiled and dewatered.  To assist

in the stabilization of the material, a drying agent could be mechanically blended with the

material.  The final augmented product would be loaded into trucks that are contracted by the

potential end users who have an appropriate end use. It is assumed that the value of the “free”

material would be worth the cost to load, transport, and spread the amended material.

The following is a list of assumptions made and/or costs that were used in the evaluation of

beneficial use of dredged material as non-structural fill:

 all dredged material designated to this option will be consumed;

 re-handling/off-loading area is near the existing CDF;

 process/dewatering site is within 3 miles of the off-loading site;

 an additive (lime) will be added at a ratio of 4 tons of lime per 935 CY of dry
material;

 the final product would be given to the end user at no charge; and
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 dredge material will be placed at off-loading site by means of a hydraulic loader.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of dredged material as non-structural fill:

 potential client markets;

 identification of locations needing non-structural fill, including a review of property
use restrictions (e.g. covenant conditions);

 evaluation of potential dewatering/off-loading sites to identify the most
economical location as it relates to the dredging process and the upland
transportation;

 selling of the dredged material as a beneficial use would require additional
testing and a detailed evaluation of distribution methods that are dependent on
the proposed use;

 sediment characterization, including geotechnical and risk evaluation, to
determine suitability of material that will be used for the specific non-structural fill
end use; and

 determine the additional costs associated with augmentation of the material to
become suitable for the end use.

5.1.2 Agricultural Field Improvements
The concept of this option is to use the dredged material to raise the elevation of several acres

of agricultural fields where land would be rented from the land owner(s) for the timeframe

required to complete the improvements.  This option would improve the drainage in the

agricultural fields and perhaps enrich the soil with nutrients.

For this option, dredged material would be hauled to a pump-out location near the center of

gravity of the dredging work and released from the bottom of the scow or hydraulically dredged.

The re-handling area would be dredged to the required size and depth, which allows the scow to

have appropriate mobility.  There the material would be collected by a pump-out system, which

would include a series of pumps and/or manifolds to collect the dredged material as well as a

sufficient amount of water to pump the slurry mix.  The slurry would be pumped through an

underwater pipeline conveyance system to a centralized pumping station on land.  Then the

material would be pumped through additional pipelines, buried within utility easements, which

lead to the agricultural field location. Appendix G-2 shows the relative size of area required to

place all 30M CY of material. Additional booster pumping station(s) would likely be required



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 59 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

depending on the pumping distance and the size of pump(s) that are chosen during the detailed

design/planning phase.  Dispersion points would be placed throughout the area to allow even

placement of the pumped material.

A containment structure would be designed and constructed to control and divert the dredged

material and associated run-off water.  The majority of the containment walls would be

comprised of clay berms outlining the perimeter of the area.  A series of interior trenches and

drainage piping would be installed to handle the dewatering process and future drainage for the

completed agricultural field. Water would be collected and gravity drained by perforated

drainage pipe to a header pipe prior to discharging to an appropriate ditch location.

An adequate drying process, using the aforementioned drainage system, would be implemented

to decant the saturated material.  After the material is evenly filled throughout the area and

allowed to consolidate for approximately one year, a land cover crop would be developed for an

additional year to establish an organic base.  After completion, the agricultural field will be

turned back over to the land owners for the continuation of agricultural use.  The pumping

stations and buried pipeline would remain in place for potential future irrigation activities.  This

option would require several detailed designs based on the projected dredging rates.

The following is a list of assumptions made and/or costs that were used in the evaluation of

beneficial use of dredged material for agricultural field improvements:

 3,000 acres of agricultural fields would be required;

 a 4 ft. improvement height would be required;

 an estimated 60% volume reduction will occur after dewatering and
evapotranspiration;

 the pumping/dredging rate is 900 CY/hour;

 this option would require the purchase of additional easement land for a pipeline,
estimated at $6,000 per acre;

 land rental was assumed to be $200 per acre per year for 3 years (1 year for
placement, 1 year for consolidation and 1 year for land cover crop);

 land cover cost was based on initial startup costs only;

 all pumps would be purchased;
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 the option would use electrical pumping operations; and

 a booster pump will be placed every 2 miles.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of agricultural field improvements:

 research potential agricultural locations in the vicinity;

 reach out to potential land owners to get feedback;

 sediment testing, including soil characteristics, potential contaminants, and
nutrient values; and

 pumping and piping design.

An additional detailed study should be completed to determine potential locations that would be

the most beneficial and cost-efficient depending on the projected dredging capacity. An initial

review of potential agricultural property locations in the vicinity of the potential pump-out area

discharge location was completed.  Appendix E includes a preliminary map and summary of

agricultural land owners, property size and parcel numbers within a five-mile radius of the

potential discharge location of the pump-out area.

A method of sediment management similar to this option is being conducted by Ohio DNR,

Division of Parks and Recreation, at East Harbor State Park, located in Lakeside-Marblehead,

Ohio.  Dredged material from East Harbor is being pumped onto a nearby fruit farm to raise the

elevations of the farm field.  Further discussion on this project is provided in Appendix F.

5.2 Nearshore Management and Use Options
Nearshore management and use options involve the placement of dredged material along or

near the shoreline for future enhancements, protection, and restoration of the shoreline.  Dredge

material has been be used in many shoreline creation related options across the country.  An

option that restores and protects existing wetlands was evaluated, as discussed below.

5.2.1 Wetland Restoration and Shoreline Protection
The concept of this option is to use the dredged material to create additional wetland areas and

as a protective barrier for the existing wildlife areas near the Cedar Point peninsula.  An

additional detailed study should be completed to determine the most beneficial and cost efficient

configuration.  The selected area would benefit by minimizing the erosion concerns that are
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currently encountered and by the creation of controlled wetlands.  A containment

structure/barrier wall would be designed and constructed to withstand the wave and current

impacts associated with the lake conditions.  The majority of the containment structure would be

comprised of local aggregate material (e.g. armor stone, underlayer stone, core stone and sand)

outlining the perimeter of the proposed area. Appendix G-3 contains additional drawings and

details, developed by Moffatt & Nichol, of a potential conceptual containment structure used to

evaluate the option and its associated construction costs. The conceptual designs were

developed using typical water levels, local storm surges, and a preliminary wind-wave hindcast.

Dredged material would be transported to a pump-out location near the center of gravity of the

dredging work and released from the bottom of the scow.  The re-handling area would be

dredged to the required size and depth to allow the scow appropriate mobility. Within the re-

handling area, the material would be collected by a pump-out system, which would include a

series of pumps and/or manifolds to collect the dredged material as well as a sufficient amount

of water to pump the slurry mix. An alternative approach would be a hydraulic dredge hopper.

The slurry would be pumped through an underwater pipeline conveyance system to a

centralized pumping station on land. The material would be pumped through additional

pipelines, floating nearshore or above ground on shore, which lead to the wetland areas.

Dispersion points would be placed throughout the area to allow even placement of the pumped

material creating a submergent/emergent surface.

Once complete, the area would be developed to establish a natural wetland habitat.  Invasive

species control would be included as part of a final design and O&M.  Elevations within the

habitat could be developed in a variety of ways to accommodate a number of different species

and habitat types.  If desired, a channel could remain between the restored wetland and existing

wetlands.  This will allow water to enter and exit the existing upland areas as it currently does

and minimize impact to existing shallow shoreline habitat that is produced to pelagic wildlife.

The channel will also allow navigation by small vessels and wildlife.  Additional channels and

swales can be further developed in the final design.

The following is a list of assumptions made and/or costs that were used in the evaluation of the

wetland restoration and shoreline protection option:

 west side of Cedar Point NWR;

- 2,650 acres would be required
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- the water depth is 2 to 5 ft. below LWD, with an average depth 3 ft. below
LWD

- a dike height 4 ft. above LWD would be required

 east of Cedar Point NWR;

- 2,325 acres would be required

- the water depth is 2 to 6 ft. below LWD, with an average depth 4 ft. below
LWD

- a dike height 14 ft. above LWD would be required

 the pumping/dredging rate is 900 CY/hour;

 habitat development was based on initial startup costs only;

 the pump rental was estimated per month;

 the option would use electrical pumping operations; and

 additional booster pumps would not be required.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of dredged material for wetland restoration and

shoreline protection:

 evaluation of potential locations for end use;

 littoral drift patterns;

 collaboration on the targeted habitat benefits and locations; and

 structural design.

5.3 In-Water Management and Use Options
In-water management and use options involve the placement of dredged material within the

Ohio waters near Toledo Harbor.  Dredge material could be placed in a variety of HRUs or

confined structures as well as into the open lake with controls or at a different location. Options

evaluated included both submergent (below water) and emergent (above water) HRUs, which

are options specifically designed to create aquatic and/or terrestrial habitat. The creation of a

new CDF was evaluated to compare the placement of materials into a structure with minimal

habitat aspects.  An option that reduces the nutrient loading caused by the current open-lake
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placement process by the addition of controls or relocating the placement site was also

evaluated, as discussed below.

5.3.1 Submerged Habitat Restoration Unit
The concept of this option is to use the dredged material to assist in the development of a HRU

that will provide conditions for the establishment of submergent habitat including vegetation and

aquatic wildlife opportunities. An underwater containment structure would be designed and

constructed to withstand the currents encountered below water as well as storm/wave energy.

The majority of the containment wall would be comprised of local aggregate material (e.g. armor

stone, underlayer stone, core stone and sand) outlining the perimeter of the HRU. Appendix G-

4 contains additional drawings and details, developed by Moffatt & Nichol, of a potential

conceptual containment structure used to evaluate the option and its associated construction

costs. The conceptual designs were developed using typical water levels, local storm surges,

and a preliminary wind-wave hindcast. Dredged material would be hauled to the HRU location

and pumped or released into the center filling the interior until creating a submerged surface.

The containment structure could be built in phases to provide adequate clearance for the scow

to release the dredged material in the early stages, without the requirement of a pump.  Once

the structure has been filled to a specified elevation, a composite capping material would be

placed on the structure, stabilizing surface areas for the desired amount of habitat development

and protection against lake currents.

The following is a list of assumptions made and/or costs that were used in the evaluation of a

submerged HRU:

 deep water – near Toledo Harbor Lighthouse;

- 2,325 acres would be required

- the water depth is 20 ft. below LWD

- a dike height 10 ft. below LWD would be required

 shallow – near Grassy Island;

- 9,300 acres would be required

- the water depth is 7 ft. below LWD

- a dike height 3 ft. below LWD would be required
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 the containment structure would be completed before dredge material is placed;

 dredge material would be placed at the site by means of hydraulic unloader; and

 bentonite or similar material would be used as composite cap (surface capping
areas can be decreased to reduce costs) and would also provide some habitat
for benthic and fish communities.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of dredged material for a submerged HRU:

 wave climate study;

 water level fluctuation study;

 evaluate storm surge impacts;

 analyze littoral drift patterns;

 collaboration on the targeted habitat benefits and locations; and

 structural design.

5.3.2 Emergent Habitat Restoration Unit
The concept of this option is to use the dredged material to assist in the development of a HRU

that will create island conditions for the establishment of an emergent habitat including

vegetation and terrestrial wildlife opportunities.  A containment structure will be designed and

constructed to withstand the wave and current impacts associated with the lake conditions.  The

majority of the containment wall will be comprised of local aggregate material (e.g. armor stone,

underlayer stone, core stone and sand) outlining the perimeter of the HRU. Appendix G-5

contains additional drawings and details, developed by Moffatt & Nichol, of a potential

conceptual containment structure used to evaluate the option and its associated construction

costs. The conceptual designs were developed using typical water levels, local storm surges,

and a preliminary wind-wave hindcast. Dredged material will be hauled to the HRU location and

pumped or released into the center filling the interior until creating an emergent surface.  The

containment structure could be built in phases to provide adequate clearance for the scow to

release the dredged material in the early stages, without the requirement of a pump.  The final

surface topography could be adjusted or varied to incorporate several different habitats

including emergent, wetland, submergent and aquatic.  The surface would be developed by

means of planting a vegetative cover, various shrubs, and small trees. After completion, the

island can be further developed to include hiking trails, recreation areas and other associated
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activities.  Invasive species control would be included as part of a final design and O&M.  During

the preliminary design stages, specific areas of interest (e.g. Toledo Harbor Lighthouse) may be

incorporated to determine the final location and orientation of the HRU.

The following is a list of assumptions made and/or costs that were used in the evaluation of an

emergent HRU:

 deep water – near Toledo Harbor Lighthouse;

- 405 acres would be required

- the water depth is 20 ft. below LWD

- a dike height 30 ft. above LWD would be required

 shallow water – near Grassy Island;

- 1,200 acres would be required

- the water depth is 5 ft. below LWD

- a dike height 12.5 ft. above LWD would be required

 the containment structure would be completed before dredge material is placed;

 weir structures are included in contingency;

 dredge material would be placed at the site by means of hydraulic unloader; and

 habitat development was based on initial startup costs only.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of dredged material for an emergent HRU:

 wave climate study;

 evaluate storm surge impacts;

 collaboration on the targeted habitat benefits and locations; and

 structural design.
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5.3.3 Open-Lake Placement
5.3.3.1 New Open-Lake Placement Area (Open-Lake without Controls)
Currently, the USACE places dredged material in the northeast half of the open lake

placement area, approximately located at LM-11. Stakeholders have raised concerns

with open lake placement of material in the shallow western basin of Lake Erie, with

average depths ranging from approximately 20-23 feet below LWD (USACE, 2009) due

to potential environmental impacts that might occur through sediment re-suspension.  It

is also unknown the extent of which the material currently being placed in the existing

open lake placement area is re-entering the Federal channel and whether “double

handling” of the material is occurring. While most of the material predominately drifts to

the southeast, it is possible some portion of the material could re-enter the channel due

to the shallow system and when deviations from typical conditions occur. Additionally,

the current open lake placement site will eventually reach capacity and will present a risk

to navigational safety during scow placement. Capacity shortages may be realized in

the near future if low lake levels continue.

The closest approved open-lake placement site, West Harbor, is located approximately

33 miles southeast of Toledo Harbor’s current open-lake placement area. The West

Harbor open-lake placement area is approximately 29 feet deep and spans

approximately 160 acres. Under the current Federal Standard, costs associated with the

location, including permitting, and placement of dredged material at a location other than

the currently used open-lake placement site would be the responsibility of a non-federal

sponsor.

Wind and wave energy significantly impacts how sediments are distributed in the

western Lake Erie basin. Material placed into the existing open-lake placement area is

transported south/southeast of the site and modeling suggests that potential sediment

management locations further out in the western basin (e.g. open-lake placement site)

are subject to more wind-wave actions compared to those closer to Maumee Bay,

resulting in net erosion further out and net deposition close to the bay (LimnoTech,

2010). The new open-lake placement option evaluated under this plan would continue

with the current dredging and placement methods, but re-locate the placement area

approximately 15 miles from the center of gravity of the dredging work, so that the open

lake placement area is in deeper water and has less potential to be re-suspended and
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transported back to the Federal and non-federal channels. New open-lake placement

areas should be evaluated prior to the existing open-lake placement area reaching

capacity. Appendix G-7 shows the conceptual location and relative size of area required

to place all 30M CY of material. It is assumed this location would have a greater depth

and less current impacts than the existing location to minimize the environmental

impacts and minimize sediment from re-entering the channel.  A detailed evaluation of a

new proposed open lake placement area would be necessary to evaluate the potential

impacts to site-specific benthic and fish communities.  The evaluation would need to be

completed in accordance with applicable state and federal regulations (e.g. National

Environmental Policy Act).

5.3.3.2 Open-Lake Placement with Controls
The concept is to continue with the current dredging and placement methods of open-

lake placement, but add a process that reduces the impacts of nutrient availability

resulting from re-suspension.  The dredged materials would be amended with aluminum

sulfate (alum) or similar materials and bentonite clay or other additives prior to, or during

placement in the open lake placement area. The alum solution would minimize the

amount of available phosphorous that is released into the water.  The addition of

bentonite would act as a flocculant to minimize the potential turbidity and re-suspension

issues involved with the open-lake placement. The alum solution would be applied

during the dredging process as the material is placed into the scow.  Once the scow is

full, bentonite would be placed on top of the mixture covering the dredged material.  The

scow will haul to the amended material to a predetermined placement location and

release the contents. Appendix G-7 shows the conceptual location and relative size of

area required to place all 30M CY of material.

The following is a list of assumptions made and/or costs that were used in the evaluation

of open-lake placement with controls:

 the average amount of material dredged per day is 8,000 CY;

 the unit weight of the dredged material is approximately 95 pounds per
cubic foot;

 the moisture content (ratio of the weight of water to the weight of solids in
a given volume of soil) of the dredged material is 145%;



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 68 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

 the dredged material has a dry unit weight of approximately 39 pounds
per cubic foot;

 an average of 616.2 mg total phosphorus is present in 1 kg of dry
sediment, all of which is assumed to be bioavailable.  This is
conservative, as not all of the phosphorus in the dredged material is
bioavailable.  However, this amount was used for rough cost purposes;

 the aluminum to phosphorus binding ration is 0.87:1;

 the quantity of bentonite required is based on 0.5%, by weight, of a scow
load of dredged material;

 enough bentonite and/or alum will be hauled to the dredging operation to
treat a complete a day’s production of dredge material;

 the storage facility will be continually replenished with bentonite and alum
solution to complete several weeks’ production of dredge material; and

 the alum solution will be pumped into scow and the bentonite will be
applied to the surface of the filled scow.

If this option were pursued, the following evaluations are recommended in order to

determine the most appropriate and cost-effective implementation the open-lake

placement with controls option:

 wave climate study;

 water level fluctuation study;

 evaluate storm surge impacts;

 analyze littoral drift patterns; and

 determine preferred treatment level (percentage of treatment will be cost-
driven).

5.3.4 New CDF
The current CDF has a limited remaining capacity and has been restricted on what dredge

material it can accept.  The concept of this option is to create a new CDF for the future

placement of dredged material and could accommodate material generated for both Federal

and non-federal funded dredged material activities. A containment structure would be designed

and constructed to withstand the wave and current impacts associated with the lake conditions.

The majority of the containment wall will be comprised of local aggregate material (e.g. armor

stone, underlayer stone, core stone and sand) outlining the perimeter of the CDF. Appendix G-
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6 contains additional drawings and details, developed by Moffatt & Nichol, of a potential

conceptual containment structure used to evaluate the option and its associated construction

costs. The conceptual designs were developed using typical water levels, local storm surges,

and a preliminary wind-wave hindcast. Dredged material will be hauled to the CDF location and

pumped or released into the center filling the interior until the full capacity is reached.  The

containment structure could be built in phases to provide adequate clearance for the scow to

release the dredged material in the early stages, without the requirement of a pump.  Unlike the

emergent HRU, this option does not include any development for habitats or wildlife although

the containment structure might provide a small amount of aquatic and terrestrial habitat.

The following is a list of assumptions made and/or costs that were used in the evaluation of a

new CDF:

 shallow water – near Grassy Island; and

- 530 acres would be required

- the water depth is 5 ft. below LWD

- a dike height 30 ft. above LWD would be required

 a cap was not included for this option since the dredge material is not
contaminated.

If this option were pursued, the following evaluations are recommended in order to determine

the most appropriate and cost-effective use of dredged material for a new CDF:

 wave climate study;

 evaluate storm surge impacts; and

 structural design.

5.4 Other Potential Sediment Management and Use Options Not Evaluated
During the course of the grant, the Task Force agreed to several parameters to better define the

scope of this grant.  By following these parameters, there were some alternatives eliminated

from the evaluation.  However, understanding that some stakeholders were interested in better

understanding the viability of these options, the project team has completed a cursory review of

the major alternatives that were expressed by the parties involved.
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5.4.1 Woodtick Peninsula/Option Located in Michigan
Woodtick Peninsula is located in Erie Township, Monroe County, Michigan and is approximately

320 acres. The location of Woodtick Peninsula is shown in Figure 1. Consumer Energy

currently operates a power plant, which is scheduled to shut down in 2014.  Stakeholders have

expressed ideas regarding filling the existing channel on the peninsula in order to restore

habitat.  Given feedback from the Task Force and based on the constraints of the grant

parameters, the potential options and the feasibility analyses were limited to the State of Ohio.

Therefore, this project did not evaluate any options in Michigan or Canada. However, the

project team estimated that approximately 1.8M CY would be required to fill the old channel at

Woodtick Peninsula, or approximately two to three years capacity.  The logistics of pumping the

material to Woodtick Peninsula would need to be evaluated.  When the selected options are

chosen, it may be of value to assess locations outside of Ohio if they are available and there is

sufficient community support.

5.4.2 Toledo Harbor Lighthouse
The Toledo Harbor Lighthouse, also referred to as the Toledo Harbor Light, is located

approximately 5 miles from the shores of Maumee Bay State Park as shown in Figure 1. The

lighthouse was constructed following the expansion of the Federal channel in 1901.

Construction of a HRU near the Toledo Harbor Lighthouse was discussed by stakeholders at

the first public forum.  For the purposes of this project, no specific locations were determined for

any given option.  The Toledo Harbor Lighthouse was not specifically considered, but this in-

water option could become part of the final project. The USACE has allocated a portion of the

2012 dredging budget toward the evaluation of a containment structure near the lighthouse, at a

depth of approximately 22 feet of water. It is expected that this study of capacity and costs will

be completed after this THSMUP has been finalized.

5.4.3 Geotubes®

Geotubes® are containers constructed of high strength, permeable textiles designed for

dewatering and containment of sediment and sludge.  They are used in a variety of applications

including restoration, remediation, and agriculture.  The use of this technology was raised during

the first public forum by stakeholders.  As a result, the project team evaluated the use of this

technology for sediment management options at Toledo Harbor.  The sediment dredged from

the Federal channel is a fat clay high in silt.  This type of material is not conducive for the use of

Geotubes® or similar products.  Geotubes® must allow water to exit and materials with high silt
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content have the tendency to fill the voids of the material.  The dewatering performance of

Geotubes® were tested in 2009 and found to be impractical as the cost to add chemicals to

stabilize the material is costly (URS/Baird, 2011).

5.4.4 Existing CDF and Grassy Island
Facility 3 has approximately 2M CY of USACE space available, or the capacity of about two

years of dredging materials.  Placement of material at the CDF is not a long-term 30-year

option. Based on current USACE policy and Public Law 94-587, any dredged material

determined to meet Federal guidelines (including applicable state water quality standards for

open-lake placement cannot be placed in Federal CDFs. Grassy Island (Island 18) has a

component that could accommodate approximately half of a years’ worth of dredged sediments,

but still requires more repair and replacement such as pump-out facilities.  These could be used

as part of the footprint for an option, not to expand but to maximize.  However, there is a high

capital cost of building a pump-out facility and repairing Grassy Island for the capacity, which

would put it at the upper end of the cost for a new CDF.  Also, the existing CDF capacity is

maintained in the event of a spill response emergency in which contaminated material needs to

be placed.  Further, the USACE only maintains the Federal channel.  The TLCPA and terminal

operators cannot place material dredged from the Port terminals in the open lake placement

area.  This material must be placed in a CDF or used at an upland location.

Proposed sediment management and use options focused on short- and long-term options that

could accept a significant amount of the 30-year dredging amount.  Due to the limited capacity

at the existing CDF and Grassy Island, these options were not considered.

5.5 Sediment Management and Use Options Summary
The primary goal of this THSMUP was to evaluate options based on the implementation of

environmentally and economically accepted methods, while accommodating the placement

capacity for 30 years of maintenance dredging in the Toledo Harbor.  Although a combination of

different options is likely a better solution than a single-option scenario, several options,

including upland, nearshore, and in-water options, were carried forward to evaluate their

individual suitability as short- and long-term options.  The relative cost estimates for these

options are discussed in Section 6.0, while the technical evaluation of each option is discussed

in Sections 7.0 and 8.0.  Additional data collection and detailed analyses will be required to
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confirm and/or refine all of the assumptions made for this THSMUP and are discussed in

Section 6.0.  This information will be used to complete the final design and implementation plan.
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6.0 SEDIMENT MANAGEMENT AND USE COST ESTIMATE AND ASSUMPTIONS

6.1 Projected Relative Costs
Prior to initiating the technical scoring and ranking of sediment management and use options,

the technical team developed assumptions and cost estimates for major components of a

sediment management and use option. The major components of these costs for each option

are discussed below and include the initial construction costs of all required structures,

dredging, transportation, placement, site development, mobilization/demobilization, planning,

engineering, and design (PED), O&M, and a contingency cost. The conceptual plans and

drawings used to develop the projected costs are provided in Appendix G.

The projected costs were determined by comparing a wide range of known methods and

materials that are common to the project area and then selecting a reasonable choice in order

to achieve a good comparison among all options while completing estimates at an appropriate

level of detail. Conceptual plans and associated calculations were completed by engineers and

checked by a peer reviewer prior to inclusion. Cost estimates based on the conceptual ideas

were prepared by, and reviewed under the supervision of, professionals who are competent in

construction cost estimating, possess a working knowledge of construction, and  capable of

making professional determinations based on experience. These concepts are not detailed

designs and should not be used for construction, but are of appropriate levels to fulfill the

requirements of the QAPP and are suitable for relative comparison. Similarly, the prepared cost

estimates are not an opinion of probable costs and should not be used for potential funding

values, but they are of sufficient detail to fulfill the requirements of the QAPP and are suitable

for relative comparison.

Detailed costs and associated calculations are discussed in the following sections and are

provided in Tables H-1 through H-16 in Appendix H. Tables H-1 and H-2 provide the estimated

total costs for each single-option evaluated and the combination option.  Tables H-1 and H-2

include major cost element categories used to derive the estimated total costs and are identified

by an Item Number (e.g. Item 1.0). The sub-components of each major cost element category

(e.g. Item 1.1, Item 1.2) are identified in Tables H-3 through H-16, where appropriate.

The estimated relative costs were also used to perform a preliminary sensitivity analysis

determining the likely relative most efficient configuration of each option and ultimately helping
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to define the proposed combination of options. These configurations should not be considered

final, but are representative for discussion purposes of this THSMUP. Prior to the final

selection, additional sensitivity analyses should be performed in more detail to accurately

determine the best configuration and combination of options. Section 6.2.1 discusses additional

evaluations that should be considered in the next phase.

6.1.1 Dredging
The dredging process and associated costs were based on recent practices common to the

dredging of the Toledo Harbor.  All options that were evaluated included this initial dredging

cost, as identified by Item 14.0 in Tables H-1 and H-2.  During common practices, material is

dredged from the channel using a mechanical clamshell dredge, which loads bottom dump

scows with the dredged material.  The scows haul the material to the placement area and

release the material through the bottom of the vessel.  The assumed cost of this practice,

$6/CY, includes a one-way haul distance of 2 miles.  The dredging rate for this process is

approximately 900 CY per hour or 240,000 CY per month.  There are many dredging

alternatives, including hydraulic dredging, that can be further evaluated and which could provide

a cost savings depending on the specific option chosen.

This cost was used for general estimating purposes so that a comparative analysis of options

could be completed.  An evaluation of alternative dredging methods should be completed to

accommodate the selected option or combination of options to allow for the determination of the

most efficient completion time, economical benefit, and environmental effects. The Task Force

should consider completing a cost analysis and evaluation of types of dredging and material

handling and transportation costs relative to the specific sediment management and use option

employed at a specific geographic location.

6.1.2 Containment Structures
A majority of the options would require the construction of a containment structure(s) to control

the dredged material.  These structures define the perimeter and shape of the placement area

and were based on the 30M CY of dredged material that is projected to be removed from the

Toledo Harbor over the next 30 years. Unless specified, consolidation was not considered and

there were no volume reductions applied. A cost-effective shape (square) was assumed for the

layout.  The placement area was assumed to be constructed as one cell that could handle the

full amount of material and that it would be constructed before the material placement would
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begin.  Depending on the orientation of the final shape and orientation of the structure, the

amount of material, and the final location, it might be more feasible and realistic to build multiple

cells in several phases throughout the dredging process. The phased construction would

increase the overall cost of the option.

The conceptual drawings and details of conceptual containment structures developed for the

wetland restoration/shoreline protection option, deep water and shallow water submerged HRU

options, deep water and shallow water emergent HRU options, and the new CDF option,

developed by Moffatt & Nichol, are provided in Appendix G-3 through Appendix G-6.

Associated construction costs for the conceptual containment structures developed for these

respective options are provided in Tables H-6 through H-11 of Appendix H. The conceptual

containment structures are oriented to minimize the amount of slope protection needed to

accommodate typical water levels, local storm surges, and a preliminary wind-wave hindcast.

During the course of the project, it was apparent that the USACE was in progress of completing,

or had completed, similar structure designs such as an HRU near the Toledo Harbor Lighthouse

location. Although public presentations and conceptual designs and preliminary cost estimates

were completed, the USACE elected not to share calculations and data as requested by some

Task Force representatives.  USACE reported that even though the level of work was sufficient

to develop costs and be shared for public comment, the supporting documentation could not be

released based on USACE internal guidelines and that the requested information and data

would not be released until senior peer review was completed. In December 2012, USACE

informed the Task Force that the project would not continue due to the lack of a non-federal

sponsor. Not having the benefit to use existing USACE data and information, the Hull Team

used methods, procedures, and guidelines (e.g. Costal Engineering Manual, USACE Manuals)

similar to those used by USACE to develop an appropriate level of design. Wind data was

obtained from the Toledo Express Airport. Fetch distances and average water depths were

obtained from National Oceanic and Atmospheric Administration (NOAA) Charts 14830, 14846,

and 14847.  The Hull Team’s preliminary wind-wave hindcast was used to establish preliminary

dike heights used in the conceptual designs. The results of preliminary wind-wave hindcast

were similar to those reported in the portions of USACE-managed Toledo Harbor Habitat

Restoration Unit Conceptual Design Report (URS/Baird, 2011) that were released to the Task

Force.
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The preliminary design of the containment dikes consists of a core stone or sand, an underlayer

stone, and an armor stone based on available local aggregate materials. The bulk of the

containment dike consists of core stone at an assumed cost of $50 per ton.  The design

provides for the installation of underlayer stone over the core stone as a slope protection layer

to prevent erosion at an assumed cost of $85 per ton.  The design also includes the installation

of armor stone over the underlayer stone as a slope protection layer to absorb the wave and

current impacts at an assumed cost of $100 per ton.

The deep water and shallow water submerged HRU options include a composite cap, as

identified by Item 3.0 in Appendix H, to provide a surface that can be developed into a habitat.

A basic bentonite mixture was assumed for the cap, which would give the surface more stability

to support vegetation.  The entire surface, or portions of the surface, could be capped

depending on the wave impacts and the required area desired for habitat development.

Capping costs are estimated at $4 per square foot and consider capping 50% of the deep water

habitat restoration surface.

The construction costs estimated for containment structures are based on discussions with local

marine contractors and on the use of typical methods such as barge transportation and

mechanical placement of the materials.  Depending on the location (water depth), alternative

methods such as floating conveyors might be more advantageous than the barge transportation.

Although several construction methods are possible, common practices and similar methods

were assumed for each option in order to keep the costs relative throughout and from becoming

too aggressive or underestimated.

The construction costs estimated for containment structures (e.g. clay berms) used in the

upland agricultural field improvement option are provided in Tables H-4 and H-5 of Appendix H.

Costs assume clay berms are sufficient to contain the dredged material.  These clay berms

would be installed using typical land-based methods such as truck transportation and dozer

placement.

6.1.3 Dredged Material Placement
In addition to the initial dredging costs discussed in Section 6.1.1, Item 10.0 of Tables H-1 and

H-2 provides the estimated cost to unload or place the hauled dredged material at the

placement area. No additional cost is included in Item 10.0 for options that allow for the
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material to be released from the bottom of the scow at the placement area to the pump-out area

described in Section 6.1.6. The beneficial use option, deep water and shallow water emergent

HRU options, deep water and shallow water submerged HRU options, and new CDF option

include a dredged material placement cost of $7.50/CY since placement of the dredged material

within a containment structure, or at an upland location, requires the material be pumped from

the scow by means of a hydraulic unloader or similar piece of equipment. Future evaluations

could determine that a phased construction of the containment structure to allow the material to

be released from the bottom of a scow, or through the use of a mechanical unloader, could be

more feasible than the use of a hydraulic unloader to place the entire volume of the dredged

material.  This evaluation will be dependent on location (water depth) and the site-specific

option.

6.1.4 Habitat/Site Development
The wetland restoration/shoreline protection option and deep water and shallow water emergent

HRU options include estimated costs associated with future habitat development after the

completion of dredged material placement. Item 5.0 of Tables H-6, H-9, and H-10, provided in

Appendix H, includes the estimated costs to establish an indigenous vegetative cover and a

good base to support wildlife at select areas of an option. The costs assume initial planting

costs of $2,000 per acre and that the site would re-vegetate naturally after the initial planting.

Although these initial assumptions were made to keep the costs relative, further evaluations

could be performed to weigh the benefits and costs associated with additional habitat areas and

further development within established areas. Invasive species control would be included as

part of a final design and O&M. .

The beneficial use option and open-lake placement with controls option include estimated costs

associated with initial site development prior to dredged material processing, placement, or

storage activities. Item 5.0 of Tables H-3 and H-12, provided in Appendix H, includes the

estimated costs for site development.

For the agricultural field improvement option, the placement site would require the

implementation of infrastructure prior to releasing the material.  This development cost would

include land purchase/rental, pipeline installation, pump(s) purchase, pumping costs, pump

station(s) construction, and other miscellaneous land improvements. Item 5.0 of Tables H-4

and H-5, provided in Appendix H, assumes a cost of $6,000 per acre for the purchase of land
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used for dredged material transportation infrastructure or to house any other permanent

structure required. Alternatively, landowners might lease their land to allow for site development

in exchange for the benefits of owning an enhanced agricultural property. A land rental cost of

$200 per acre per year was included for farmland that would not be able to produce the normal

cash crop during the development, placement, dewatering and replenishing periods. The cost

assumes that a pump would be purchased for a cost of $100,000 for each pumping distance of

less than 2 miles and some required maintenance and pump replacement would be needed.

When temporary or mobile pumps were more practical, a cost of $4,000 per month to rent the

pump was assumed.  A pump station was assumed at the same intervals for a cost of $50,000

including any miscellaneous access and security.  In cases where the pumps would be placed

permanently, an electric operating cost of $0.15 per kilowatt hour (kWh) was chosen.  If the

pump was predominately for temporary use, or required mobilization, a fuel cost of $4 per gallon

was chosen.

The price of $6,000 per acre was used for the purchase of easement rights to install a 16-inch

high-density polyethylene (HDPE) pipeline along roadsides at an assumed cost of $200 per

lineal foot in order to transport the dredged material to the placement site as part of the wetland

restoration/shoreline protection option and the agricultural field improvement option.  After

reaching the site, a discharge pipe with shut off valves at a cost of $100 per lineal foot would be

used to evenly place the dredged material throughout the site.  The discharge pipeline would be

managed by a three-man crew whose hourly rate was assumed to be $50 per man-hour for the

entire pumping duration to move the pipeline to the required areas in order to discharge the

dredged material.  The agricultural field improvement option includes additional site-specific

development to attain the final goal.  A drainage system to collect runoff water at a cost of $3

per foot would be installed for dewatering the dredged material and would remain in place for

future drainage.  After the material dewatered and consolidated, a cost of $100 per acre to plant

a land cover crop (e.g. alfalfa) was assumed in order to introduce some organics back into the

material.

6.1.5 Nutrient Loading Controls/Capping
The open-lake placement option is the only option that includes a cost for any type of

amendment to control the nutrient loading that might be associated with the placement of

dredged material. Estimated costs associated with the amendment and application are

provided by Items 6.0 and 8.0 of Table H-12.  An estimated cost of $1/CY is included to amend
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the material with aluminum sulfate (alum) to minimize the amount of available phosphorous that

is released and bentonite clay to act as a flocculant to minimize the potential turbidity and re-

suspension issues associated with the placement process. Labor for alum and bentonite

application is estimated at $1/CY. The controls that were assumed for this option could be

applied to any option and cost could be adjusted to increase the phosphorus and turbidity

reduction or decreased to reduce the cost. Additional information on this amendment method is

provided in Appendix I.

6.1.6 Pump-Out Area Development
A relatively new concept to the dredging world involves the development of a pump-out system,

which uses a system of pumps and pipelines to transport dredged material.  This system would

be located near the center of gravity to greatly reduce the in-water transportation costs

associated with the current dredging process.  This improvement would require the

implementation of permanent infrastructure as part of the wetland restoration/shoreline

protection option and the agricultural field improvement option. Costs associated with the

pump-out area development are identified by Item 7.0 of Tables H-4 through H-6, provided in

Appendix H. The development costs include the required dredging for scow mobility, pipeline

installation, purchase of pumps, pumping costs, docking structures and other miscellaneous

improvements.  A cost of $20 per CY to dredge out the re-handling area and to bury the pipeline

includes mechanical dredging, scow transportation and placement of the material.  An

installation cost of $500 per lineal foot for a 16-inch HDPE pipeline and an additional cost of

$600 per ton for concrete ballasts using marine equipment are assumed in order to minimize

any boating obstructions.  The pump-out area is assumed to have three in-take locations to

allow the scow to bottom release the material similar to the open-lake placement.  Each in-take

requires the construction of a docking structure at an estimated cost of $1,000,000 each for the

30-year project life.  A jet pump or slurry pump would be attached to the docking structure and

operated by a one-man crew at a rate of $50 per hour.  For the pumps, an assumed rental rate

of $4,000 per month per pump and an operating cost of $4 per gallon were used.

Once the pump-out system is completed, it could be used for the transport of dredged material

to any upland or nearshore option.  In addition, if several options use the same pump-out area,

the initial infrastructure costs would be divided between the options, thus lowering the relative

unit cost.  For the initial evaluation of each single-option, it was assumed that each option would

absorb the full infrastructure cost. This pump-out area concept was selected to avoid any
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disruptions to the current dredging methods performed by the USACE. Additional dredging

evaluations should be conducted to determine the most efficient dredged material transport

method. The costs involved to develop the infrastructure should be compared to other concepts

such as the use of a hydraulic dredge within the centralized dredging area where the bulk of

dredging is routinely required.

6.1.7 Placement Sites Proximity to Center of Gravity
Since the initial dredging cost included a one-way haul of 2 miles, an increase or decrease was

given to sites that were farther away or closer than the 2-mile range, as identified by Item 11.0

of Tables H-1 and H-2 in Appendix H. The cost of $0.16 per CY of material per mile to haul the

material was determined by the average size of the current scows used and the travel time of

those scows.  The options that use the pump-out area would have a minimal travel time and

therefore receive the greatest decrease in cost, but would incur the pump-out area development

cost.

6.1.8 Mobilization/Demobilization
Mobilization includes all activities and associated costs for the transportation of dredging or

construction equipment, and operating supplies to the site in order to commence a phase or

portion of the project.  Demobilization includes all activities and associated costs for

transportation of dredging or construction equipment, and operating supplies from the site that

are no longer required to complete a phase or portion of the project.  This includes the

disassembly, removal, and site clean-up.  Depending on the option and the schedule of the

option, there might be several mobilizations and demobilizations.  For the purpose of this study,

an 8% increase to the construction and development costs was assumed.

Mobilization/demobilization is identified by Item 9.0 of Tables H-1 and H-2 in Appendix H.

6.1.9 Planning, Engineering, and Design (PED)
This cost element includes the miscellaneous PED that will be required for each site-specific

option.  Once an option is chosen, additional data will need to be obtained to further refine the

selected option.  This process will take into account the assumptions made and steps that were

outside of this evaluation to determine if the assumptions apply or need to be revised.  For the

purpose of this study, a PED cost of 10% of the overall projected cost was assumed. PED is

identified by Item 12.0 of Tables H-1 and H-2 in Appendix H.
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6.1.10 Operation and Maintenance (O&M)
This cost element includes all of the required O&M that will be required for each option during

the dredging and construction process.  The options will require careful coordination between

the dredging and construction activities that take place concurrently.  A continual analysis of the

operation will produce an optimum level of quality, efficiency, and effectiveness.  For the

purpose of this study, a 5% increase to the overall projected costs was assumed. O&M is

identified by Item 13.0 of Tables H-1 and H-2 in Appendix H.

6.1.11 Contingency
The contingency cost element includes all of the unknown or unforeseen circumstances that

might arise during the implementation of the option.  This cost was also intended to include any

of the minor intangible costs associated with the option that were not included in this evaluation.

For the purpose of this study, a 25% increase to the overall projected costs on top of the

mobilization/demobilization, PED, and O&M was assumed. A contingency for unidentified costs

is identified by Item 15.0 of Tables H-1 and H-2 in Appendix H.

6.2 Major Assumptions
Major assumptions used to develop the cost estimates include the following:

 each option was evaluated to receive all of the 30-year estimated dredged
material volume (30M CY) despite initial assumption that a combination option
was likely a better solution;

 no regulatory/programmatic constraints were considered, especially in the long-
term sense;

 not intended to anticipate every problematic cost;

 costs were used to serve as a relative comparison between options - not to be
used as comprehensive cost estimate for each alternative;

 the location of each option was approximated for estimating purposes;

 not an exhaustive financial analysis;

 basic attempt to recognize major capital improvement and O&M costs; and

 current economic values without inflation.

When, and if, a specific option is selected for implementation, a site-specific design will need

completed to determine whether the sediment source from a specific geographic location is
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suitable for a specific end use and location.  Such determinations will consist of evaluations of

existing data and/or the collection of new site-, use-, or material-specific data to characterize the

physical suitability (e.g. grain size, texture, plasticity, organic content, etc.) engineering

suitability (e.g. compatibility, consolidation, shear strength, etc.), and environmental suitability

(e.g. chemical concentrations, toxicity, leaching potential, etc.) of site-specific sources of

dredged material and a final use/placement option.  The completion of these evaluations will be

used in the final design and implementation plan to determine the construction sequence and

methods used, the structures involved, the environmental and economic benefits desired, the

overall size, and the final location.

The following general items might be required:

 complete sediment testing;

 research potential client markets;

 evaluate potential locations for end use;

 complete detailed analysis on the type of end use;

 evaluate potential dewatering/off-loading sites;

 reach out to potential land owners to get feedback;

 complete pumping and piping design;

 collaborate on the targeted habitat benefits;

 complete structural designs;

 complete a wave climate study;

 complete a water level fluctuation study;

 evaluate storm surge impacts;

 analyze littoral drift patterns

 develop adaptive management strategy for invasive species control, if applicable;
and

 determine preferred treatment level (percentage of treatment will be cost-driven).
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7.0 SEDIMENT MANAGEMENT AND USE OPTION EVALUATION RESULTS

7.1 Introduction
As discussed previously, this THSMUP evaluates alternatives to current open-lake placement

practices and provides recommendations for sediment management and use options including

HRUs and other beneficial use concepts. Options presented in Section 5.0 were first evaluated

as stand-alone sediment management solutions based on the major assumptions described

below.  These options were evaluated using a scoring matrix, which allows for an objective

evaluation of a number of options based on several criteria categories, which are prioritized

prior to scoring each option.

7.1.1 Single-Option Major Assumptions
Based on direction from the Task Force, some assumptions were incorporated into the

development and evaluation of each option and include:

 Each option was initially evaluated to receive all of the 30-year estimated
dredged material volume (30M CY) despite an assumption that a combination
option is likely a better solution.

 No regulatory/programmatic constraints were incorporated into the evaluation, in
the consideration of long-term (30-year) options.  This assumption was made in
part due to the unpredictable nature of regulatory/programmatic constraints, as
well as the possibility to change these constraints within the next 30 years.

 The cost estimates developed as part of this project were not intended to
anticipate every programmatic cost. Costs were estimated to the same level of
detail and are based on very preliminary designs only.  Costs were used for
relative comparisons and scoring purposes and should not be considered as
more than cost ranges at this point.

 When, and if, a specific option is selected for implementation, a site-specific
design will need completed to determine that the sediment source from a specific
geographic location is suitable for a specific end use and location.  Such
determinations will consist of evaluations of existing data and/or the collection of
new site-, use-, or material-specific data to characterize the physical suitability
(e.g. grain size, texture, plasticity, organic content, etc.) engineering suitability
(e.g. compatibility, consolidation, shear strength, etc.), environmental suitability
(e.g. chemical concentrations, toxicity, leaching potential, etc.), ecological
suitability (e.g. species selection, invasive species management, wetland
impacts, etc.) of site-specific sources of dredged material and a final
use/placement option. A refined cost estimate will also need to be completed to
account for site-specific design considerations.
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When evaluating each single-option using the matrix approach, several assumptions were built

in to the assessment and include:

 Each single-option was evaluated to receive all of the 30-year estimated dredged
material volume (30M CY) despite initial assumption that a combination option is
likely a better solution.

 Unit Costs were:

- used to serve as a relative comparison between options - not to be used
as comprehensive cost estimate for each option;

- used for estimating purposes based on the approximate location of
option;

- not an exhaustive financial analysis; and

- used for a basic attempt to recognize major capital improvement and
O&M costs.

 The initial evaluation did not consider:

- all aspects of a specific location of option;

- current programmatic/regulatory restrictions;

- funding availability and sources;

- limitations on currently accepted practices; or

- inflation of current market costs.

 The initial evaluation did consider:

- the option location relative to center of gravity of estimated volume of
material dredged between 2001-2010;

- current lake bathymetry; and

- current market costs.

 No programmatic constraints were considered during the evaluation of the
options.

 It was assumed that a combination option is likely a better solution than a single-
option approach.

7.1.2 Risks
The selection of any option involves a certain degree of risk.  Some options involve a higher

degree of risk in relationship to other options. These risks are associated with the unknown
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circumstances and the assumptions made.  The assumptions will be a statistical judgment

based on all available information.  The project life and capacity of each option must be

determined in order to finalize the overall design.  The actual amount of required dredging

during the project life is unknown and an assumption will be made, based on historical data and

projected quantities, to determine the required capacity.  Using the current advancements in

water quality protection, the latest technology in the dredging process and the selection of a

new placement option, the overall amount of sediment that reaches the channel should be

reduced. If the required quantity of dredged material is decreased over time and the projected

dredging amounts are too high, then the initial designs would be oversized. For most options

(e.g. HRUs, CDFs), the full predetermined amount of projected dredge material is required in

order to achieve the desired environmental and economic benefits. Other options (e.g.

agricultural field improvements, beneficial use) can be reduced and/or terminated and re-

implemented depending on the demand for sediment placement. An evaluation of the projected

reduction should be completed prior to the design and to help determine the final option or

combination of options.

The actual volume of dredged material is unknown and assumptions were made based on

historical data and projected consolidation rates to determine the required capacity.  In order to

project actual consolidation rates, additional sample collection and testing will be required.  The

current volume assumed is based on cut CY, which are inclusive of the buoyant forces acting on

the sediment prior to removal from the lake. Once the sediment is removed from the lake, the

water is removed and the overall volume is reduced. For most options (e.g. submerged portions

of HRUs) when the sediment is placed into the containment area, it will be re-introduced to

some buoyant forces. For other options (e.g. agricultural field improvements, beneficial use),

additional consolidation will occur and the overall volume will be reduced further when the

sediment is placed into the containment area or relocated to an upland location. An evaluation

of the projected consolidation should be completed prior to the design and to help determine the

final option or combination of options.

7.2 Technical Criteria and Scoring Results
Within each technical criteria category, the technical team developed a number of category-

specific attributes.  For example, the human benefit criteria category included attributes such as

recreational benefits, flood protection, and aesthetics, among others. The technical team

assigned scores to attributes within each criteria category ranging from 1 to 5, with higher
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scores representing benefits and/or minimal complications, as described below. The technical

team also took into consideration that although an option might result in a negative short-term

impact, the overall long-term benefits outweigh short-term impacts.  For example, wetland

creation can result in temporary impacts to surface water during the construction.  However,

over the long-term, the wetland will improve overall surface water quality.  A discussion of major

technical criteria categories and attributes and scoring are presented below.

7.2.1 Feasibility Scoring Summary
Feasibility included attributes addressing the technical, logistical, institutional, and

constructability factors described in this section.  All options will have a degree of difficulty

associated with the factors above and were evaluated and scored on the complications required

to overcome the criteria listed below:

 Placement timing and sequencing - Options were scored based on their ability of
the site to accept material based on timing and volume. Options that can handle
a large volume of sediment and/or can be placed in a timely manner were given
higher scores than options in having more complicated or difficult to overcome
timing and sequencing factors.

 Capacity Expansion Capability - Options were scored based on their ability to
expand the option to accommodate a larger capacity or add on additional areas.
Options that can be easily expanded were scored higher than options with limited
expansion capability.

 Size of Overall Footprint - Options were scored based on the projected area
disturbed from initial dredging activity to final placement area. Options that have
a smaller footprint were scored higher than those which have a large overall
footprint.

 Implementation/Construction Complexity - Options were scored based on the
complexity of design/construction activities and implementation of
processing/management plans. Options that have a low
implementation/construction complexity were scored higher than those which
have high complexity of design/construction activities and implementation of
processing/management plans.

 Construction Duration - Options were scored based on the length of construction
time that is required before placement of material can begin. Options that take
less time to construct were scored higher than options which have relative
lengthy construction durations.

 Site Accessibility - Ease of access was scored for each option and determined by
factors including route, distance, and logistics. Options that have better site
accessibility were scored higher than options having relative limited site
accessibility.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 87 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

For each option evaluated, a score was assigned for each of the feasibility attributes according

the following scale:

1- Highly complicated

2- Moderately to highly complicated

3- Moderately complicated

4- Minimally to moderately complicated

5- Minimally complicated

The technical scoring results for feasibility are presented in Table 6.  The open-lake placement

options resulted in the highest overall feasibility technical score due to the ease of

implementation and similarities to the current dredging process.  The remaining options scored

relatively close, meaning that these options have a similar degree of complication involved in

preparing each option for final implementation.  The submerged shallow water HRU scored the

lowest due to the large footprint size and required construction time period.
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 6

SUMMARY OF SCORING FOR FEASIBILITY

Feasibility Criteria

Sediment Management and Use Option
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Placement Timing and
Sequencing 1 5 5 5 4 3 3 4 5 4 5

Capacity Expansion
Capability 5 5 4 5 3 2 5 5 5 5 4

Size of Overall
Footprint 2 4 2 2 1 2 2 2 3 3 3

Implementation and
Construction
Complexity

4 1 2 2 2 3 4 3 5 4 3

Construction Duration 5 1 2 2 2 3 4 4 5 5 2
Site Accessibility 4 4 4 4 4 4 4 3 2 4 4
Total Technical
Score 21 20 19 20 16 17 22 21 25 25 21

Average Technical
Score 3.5 3.3 3.2 3.3 2.7 2.8 3.7 3.5 4.2 4.2 3.5

Average Weighted
Score (Avg. Score x
17)

59.5 56.1 54.4 56.1 45.9 47.6 62.9 59.5 71.4 71.4 59.5

7.2.2 Ecological Benefits/Effects Scoring Summary
Various ecological benefit attributes were selected to evaluate each option.  Options can both

negatively and positively impact ecological benefits and some criteria are interdependent.  Thus,

the net overall ecological benefit/effect was evaluated and scored for each option relative to the

final placement/management location.  Existing information and studies were used to evaluate

the impact of each option on the ecological attributes below.

 Planktonic and Benthic Community/Habitat - Many species (e.g. aquatic worms,
dipteran larvae, and midges) live on the lakebed or within the subsurface layers.
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Additionally, species that are floating or weakly swimming have the potential to
be impacted due to their restricted movement.  Options that will create or
enhance the planktonic and benthic community were given a score greater than 3
while those that remove or negatively impact this habitat type were given scores
less than 3.

 Fish and Aquatic Invertebrate Species/Habitat - This criterion included conditions
that support fish and invertebrate habitat including submerged aquatic vegetation
and fish spawning, nursery, and refuge areas.  Options that will create or
enhance these types of habitats were given a higher score than those that
remove or negatively impact these habitat types.

 Wetlands (Coastal and Non-coastal) - Wetlands provide many ecological
benefits.  Much of the wetlands in the Lake Erie watershed are gone and few
coastal wetlands remain.  Options were scored based on the potential impacts to
existing wetlands or creation of new wetland areas that provide ecological
benefits.  Options that will create significant wetland areas were given high
scores while options that will negatively impact wetlands were given a low score.

 Protected Species/Habitat - Each option was scored based on the impact to rare,
threatened, and endangered species and their habitat.  This criterion includes
impacts to state listed species as well as species protected under federal acts,
such as the Bald and Golden Eagle Protection Act and Endangered Species Act.

 Pelagic Birds/Habitat - This criterion rated the impact of each option on avian
species that rely heavily on coastal and open water.  Options that will create or
improve pelagic bird habitat were scored higher than options that are likely to
have no impact or an adverse impact to pelagic bird species or their associated
habitat.

 Terrestrial Species/Habitat -The impact on land-based flora and fauna (e.g.
forests, mammals, amphibians) was evaluated and scored for each option.
Options that will benefit terrestrial species or habitat were scored high while
options that will negatively impact this habitat were scored lower.

 Creation of Surface Water Features with Ecologically Beneficial Habitat - Options
that will create ecologically beneficial habitat via the creation of surface water
features were scored higher than options that will remove or negatively impact
existing surface water bodies.

For each option evaluated, a score was assigned for each of the environmental attributes

according the following scale:

1- negative overall effect, high level of effort to overcome

2- negative effect, moderate level of effort to overcome

3- minimal effect

4- positive effect, moderate degree of benefit
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5- high positive effect, high degree of benefit

The technical scoring results for ecological benefits/effects are presented in Table 7. The

wetland restoration and shoreline protection option resulted in the highest overall ecological

benefits/effects technical score, followed by the emergent and submergent HRUs, respectively.

These options are expected to create various ecological habitats, including fish and aquatic

habitat, pelagic bird habitat, and terrestrial habitat. The open-lake placement options scored the

lowest for ecological benefits/impacts, meaning that these options have a potentially slight

negative impact on ecological benefits, with a moderate level of effort to overcome.  Other

options, such as beneficial use and agricultural field improvements, are expected to have

minimal ecological benefits/effects.
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TABLE 7

SUMMARY OF SCORING FOR ECOLOGICAL BENEFITS/EFFECTS

Ecological
Benefits/Effects
Technical Criteria

Sediment Management and Use Option
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Planktonic and
Benthic
Community/Habitat

3 2 2 4 4 4 3 3 2 2 2

Fish and Aquatic
Invertebrate
Species/Habitat

3 4 4 4 4 4 3 3 2 2 2

Wetlands (tidal,
non-tidal) 3 4 4 3 3 4 3 3 3 3 3

Protected
Species/Habitat 3 3 4 3 3 4 3 3 3 3 3

Pelagic Bird
Species/Habitat 3 4 4 3 3 4 3 3 3 3 4

Terrestrial
Species/Habitat 3 4 4 3 3 4 3 3 3 3 3

Creation of Surface
Water Features
with Ecologically
Beneficial Habitat

3 4 4 3 3 4 3 3 3 3 4

Total Technical
Score 21 25 26 23 23 28 21 21 19 19 21

Average Technical
Score 3.0 3.6 3.7 3.3 3.3 4.0 3.0 3.0 2.7 2.7 3.0

Average Weighted
Score
(Avg. Score x 22)

66.0 79.2 81.4 72.6 72.6 88.0 66.0 66.0 59.4 59.4 66.0

7.2.3 Environmental Impacts/Effects Scoring Summary
Various environmental impacts/effects attributes were selected to evaluate each option.  It was

recognized that options could both negatively and positively impact the environment and that
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some criterion are interdependent.  Existing information and studies were used to evaluate the

impact of each option on the attributes below.

 Hydrodynamic Effects - Options were evaluated and scored based on their
potential to alter erosion and re-suspension of sediment due to surface water
currents or runoff.  Options that will reduce sediment re-suspension or erosion
were given high scores while options that will increase sediment erosion and re-
suspension were given low scores.

 Land Improvements - Options were scored based on the degree to which they
created, stabilized, or improved the structure of land as well as the impact of the
option on existing physical conditions (e.g. grain size, existing quality).  Options
that will have a negative impact on land improvements were given a low score
while options that are likely to improve or benefit land improvements were given
a high score.

 Surface Water Quality - This criterion evaluated the impact of the option on
surface water quality such as dissolved oxygen, turbidity, nutrients, and
contaminants.  Options that will negatively impact surface water quality were
given low scores while options that benefit surface water quality were given high
scores.

 Groundwater Quality - Options were scored based on their potential impact to
groundwater quality (e.g. water table impacts, contaminants, nutrients).

For each option evaluated, a score was assigned for each of the environmental attributes

according the following scale:

1- negative overall effect, high level of effort to overcome

2- negative effect, moderate level of effort to overcome

3- minimal effect

4- positive effect, moderate degree of benefit

5- high positive effect, high degree of benefit

The technical scoring results for environmental impacts/effects category is presented in Table 8.

Most options scored above 3.0, or had some net positive environmental impact/effect.  The

agricultural options had the highest technical scoring for environmental impacts/effects, followed

by the beneficial use option. The new open-lake placement area without controls and the new

CDF options scored lowest for environmental impacts/effects with scores below 3.0.
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TABLE 8

SUMMARY OF SCORING FOR ENVIRONMENTAL
IMPACTS/EFFECTS

Environmental
Impacts/Effects
Technical Criteria

Sediment Management and Use Option
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Hydrodynamic Effects 5 4 4 4 4 4 4 4 1 3 2

Land Improvements 5 4 4 3 3 4 5 5 3 3 4

Surface Water Quality 3 3 3 3 3 3 4 4 1 4 2

Groundwater Quality 3 3 3 3 3 3 4 4 3 3 3

Total Technical Score 16 14 14 13 13 14 17 17 8 13 11
Average Technical
Score 4.0 3.5 3.5 3.3 3.3 3.5 4.3 4.3 2.0 3.3 2.8

Average Weighted
Score
(Avg. Score x 20)

80.0 70.0 70.0 66.0 66.0 70.0 86.0 86.0 40.0 66.0 56.0

7.2.4 Human Benefits/Effects Scoring Summary
Various human benefit attributes were selected to evaluate each option.  It was recognized that

options could both negatively and positively impact humans and that some criterion are

interdependent.  Existing information and studies were used to evaluate the impact of each

option on the attributes below.

 Recreation Opportunity - Options were evaluated based on their likelihood to
provide recreation opportunities such as fishing, boating, swimming, hiking,
wildlife observation, and parks.  Options that are likely to create recreational
opportunities were given a high score while options that are likely to remove or
negatively impact existing recreation were scored low.

 Flood Protection - The potential for each option to aid in flood storage capacity or
adversely impact the existing flood regime were the basis for scoring.  Options
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that increase flood storage capacity were given high scores while options that
negatively impact the existing flooding regime were given low scores.

 Aesthetics - Options were scored based on their perceived aesthetic impact.
This included any potential noise, dust, or odors associated with the construction
or final design of each option.  Aesthetic impacts associated with options located
closer to residential areas and high boating traffic areas were given lower scores
than impacts that are likely to occur away from populated areas.

 Human Health Risk - The potential impacts of each option associated with
human health risk were evaluated and scored.  Options with higher potential
impacts from contaminants were scored lower than options in which human
health risk is minimal.

 Navigational Safety - Options were scored based on the degree to which each
option is likely to impact commercial and recreational vessel traffic.

For each option evaluated, a score was assigned for each of the human benefit/effects

attributes according the following scale:

1- negative overall effect, high level of effort to overcome

2- negative effect, moderate level of effort to overcome

3- minimal effect

4- positive effect, moderate degree of benefit

5- high positive effect, high degree of benefit

The technical scoring results for human benefits/effects are presented in Table 9. The wetland

restoration and shoreline protection option resulted in the highest human benefits/effects score.

The new CDF option, new open-lake placement area without controls option, and open-lake

placement with controls option scored below 3.0, indicating a potentially negative overall human

benefit/effect.
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TABLE 9

SUMMARY OF SCORING FOR HUMAN BENEFITS/EFFECTS

Human
Benefits/Effects
Technical Criteria

Sediment Management and Use Option
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Recreation Opportunity 3 4 5 3 4 4 3 3 3 3 3
Flood Protection 3 3 3 3 3 5 5 5 3 3 3
Aesthetics 3 4 5 3 3 4 2 2 3 2 2
Human Health Risk 3 3 3 3 3 3 3 3 2 3 2
Navigational Safety 3 2 2 3 2 3 3 3 3 3 2

Total Technical Score 15 16 18 15 15 19 16 16 14 14 12
Average Technical
Score 3.0 3.2 3.6 3.0 3.0 3.8 3.2 3.2 2.8 2.8 2.4

Average Weighted
Score
(Avg. Score x 10)

30.0 32.0 36.0 30.0 30.0 38.0 32.0 32.0 28.0 28.0 24.0

7.2.5 Economic Benefits/Effects Scoring Summary
Various economic benefit attributes were selected to evaluate each option.  It was recognized

that options could both negatively and positively impact humans and that some criterion are

interdependent.  Existing information and studies were used to evaluate the impact of each

option on the attributes below.

 Revenue Generation (During Operation) - Each option was evaluated and scored
based on the potential for revenue generation during the operation of the
respective option.  During operation is defined here as the time from construction
to the final capacity.  Revenue is assumed to come directly as a result of the
option and does not include secondary revenue that may come from associated
activities.  Options that have the potential to generate revenue during operation
were scored higher than options that do not have the potential to generate
revenue.
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 Revenue Generation (Post-operation) - Each option was evaluated and scored
based on the potential for revenue generation post-operation.  Post-operation is
defined here as the time from reaching final capacity to end of the option’s
lifespan.  Revenue is assumed to come directly as a result of the option and does
not include secondary revenue that may come from associated activities.
Options that have the potential to generate revenue post-operation were scored
higher than options that do not have the potential to generate revenue.

 Public Need - This criterion evaluated whether each option fulfills a public need,
or directly serves the citizens of the western Lake Erie basin.  Options that serve
a public need were scored higher than options that do not fulfill a public need.

 Job Creation - Each option was evaluated and scored based on the potential for
the option to create short-term and long-term job opportunities.  For example,
short-term jobs would include construction and management opportunities during
construction while long-term jobs might include permanent management
positions associated with the O&M of an option.

 Tourism - This criterion included the potential for an option to impact tourism and
includes aspects such as wildlife reserves, bird watching, fishing, boating, and
parks.  Options that had a high potential to enhance tourism were scored higher
than options which did not.

 Local Commerce - Each option was evaluated and scored based on the potential
revenue generation through commercially harvested species (e.g. crops and fish)
or materials.

For each option evaluated, a score was assigned for each of the economic benefit/effect

attributes according the following scale:

1- negative overall effect, high level of effort to overcome

2- negative effect, moderate level of effort to overcome

3- minimal effect

4- positive effect, moderate degree of benefit

5- high positive effect, high degree of benefit

The technical scoring results for economic benefits/effects are presented in Table 10. The

beneficial use and agricultural field improvement options resulted in the highest economic

benefits/effects scores, while the open-lake placement with controls option and new open-lake

placement area without controls option resulted in the lowest scores.  No options scored below

3.0.
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TABLE 10

SUMMARY OF SCORING FOR ECONOMIC BENEFITS/EFFECTS

Economic
Benefits/Effects
Technical Criteria

Sediment Management and Use Option
B

en
ef

ic
ia

l U
se

Em
er

ge
nt

 H
R

U
-D

ee
p 

W
at

er

Em
er

ge
nt

 H
R

U
-S

ha
llo

w
W

at
er

Su
bm

er
ge

d 
H

R
U

-D
ee

p 
W

at
er

Su
bm

er
ge

d 
H

R
U

-S
ha

llo
w

W
at

er

W
et

la
nd

 R
es

to
ra

tio
n 

&
Sh

or
el

in
e 

Pr
ot

ec
tio

n

A
gr

ic
ul

tu
ra

l F
ie

ld
Im

pr
ov

em
en

ts
 (5

-m
ile

 ra
di

us
)

A
gr

ic
ul

tu
ra

l F
ie

ld
Im

pr
ov

em
en

ts
 (1

0-
m

ile
ra

di
us

)
N

ew
O

pe
n-

La
ke

Pl
ac

em
en

t
A

re
a 

w
ith

ou
tC

on
tr

ol
s

O
pe

n-
La

ke
 P

la
ce

m
en

t
w

ith
C

on
tr

ol
s

N
ew

 C
D

F

Revenue Generation
(During Operation) 5 3 3 3 3 3 4 4 3 3 5

Revenue Generation
(Post-operation) 4 4 4 3 3 3 5 5 3 3 4

Public Need 5 4 4 4 4 4 4 4 3 3 3
Job Creation 5 4 4 4 4 4 4 4 3 3 4
Tourism 3 5 5 4 4 4 4 4 4 3 3
Local Commerce 4 5 5 4 4 4 5 5 3 3 3
Total Technical Score 26 25 25 22 22 22 26 26 19 18 22
Average Technical
Score 4.3 4.2 4.2 3.7 3.7 3.7 4.3 4.3 3.2 3.0 3.7

Average Weighted
Score (Avg. Score x
14)

60.2 58.8 58.8 51.8 51.8 51.8 60.2 60.2 44.8 42.0 51.8

7.2.6 Implementation Cost Scoring Summary
One attribute was used to express the overall costs involved for each option by evaluating the

unit costs of each option in comparison with one another.  After determining the estimated

relative costs for each option, as described in Section 6.0, the range of costs were defined to

assign each option with a score based on its relationship to the highest and lowest unit cost

options that were evaluated.

 Total Cost per CY - The total cost per CY was estimated based on:

- general location of option determined by the technical team
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- material dredging costs

- construction costs

- material transportation costs

- material placement costs

- maintenance costs

- monitoring costs

For each option evaluated, a score was assigned for the implementation cost attribute according

the following scale:

1 - highest relative cost

>1 to <5 - intermediate score values relatively based on range of costs per CY

5 - lowest relative cost

As a result, the highest cost option receives the lowest score (1) and the lowest cost option

receives the highest score (5). All other options were scored based on their relative cost

compared to the highest and lowest cost option.  This resulted in some options receiving

decimal scores using the following equation:

Intermediate Technical Cost Score =
Highest Unit Cost - Option Unit Cost

Average  Unit Cost
+1

Where:

Average Unit Cost =
Highest Unit Cost - Lowest Unit Cost

4
= $12.85/CY

The highest unit cost was the submerged shallow water HRU at $61.70/CY, and the lowest unit

cost was the agricultural field improvements (5-mile) at $10.30/CY. The option unit cost is

defined as the single-option cost for each option being scored. The technical scoring result for

implementation cost is presented in Table 11.  The 5-mile agricultural field improvement option

had the lowest unit cost, resulting in the highest implementation cost score.  The submerged

shallow water HRU had the highest unit cost, resulting in the lowest implementation cost score.
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TABLE 11

SUMMARY OF SCORING FOR IMPLEMENTATION COSTS

Implementation
Cost Technical
Criteria

Sediment Management and Use Option
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Total Cost per CY 3.46 3.28 3.88 2.49 1.00 4.95 5.00 4.93 4.98 4.94 3.68

Average
Technical Score 3.46 3.28 3.88 2.49 1.00 4.95 5.00 4.93 4.98 4.94 3.68

Weighted Score
(Avg. Score x
17)

58.8 55.8 66.0 42.3 17.0 84.2 85.0 83.8 84.7 84.0 62.6

7.3 Sediment Management and Use Option Matrix Results
7.3.1 Technical Criteria Score Summary
A summary of the technical scores for each criteria category for each option is included in Table

12.  The maximum score possible for an option was 30 while the lowest was zero.  The

technical criteria scores ranged from 17.0 (submerged shallow water HRU) to 23.5 (5-mile

agricultural field improvements).
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TABLE 12

SUMMARY OF SCORING FOR EACH TECHNICAL CRITERIA CATEGORY

Technical Criteria
Category

Sediment Management and Use Option
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Feasibility 3.5 3.3 3.2 3.3 2.7 2.8 3.7 3.5 4.2 4.2 3.5
Ecological
Benefits/Effects 3.0 3.6 3.7 3.3 3.3 4.0 3.0 3.0 2.7 2.7 3.0

Environmental
Impacts/Effects 4.0 3.5 3.5 3.3 3.3 3.5 4.3 4.3 2.0 3.3 2.8

Human
Benefits/Effects 3.0 3.2 3.6 3.0 3.0 3.8 3.2 3.2 2.8 2.8 2.4

Economic
Benefits/Effects 4.3 4.2 4.2 3.7 3.7 3.7 4.3 4.3 3.2 3.0 3.7

Implementation
Costs 3.46 3.28 3.88 2.49 1.00 4.95 5.00 4.93 4.98 4.94 3.68

Total Technical Score 21.3 21.1 22.1 19.1 17.0 22.8 23.5 23.2 19.9 20.9 19.1

7.3.2 Weighted Criteria Score Summary
A summary of the weighted scores for each criteria category for each option is included in Table

13.  The weighted criteria scores ranged from 283.3 (submerged shallow water HRU) to 392.1

(5-mile agricultural field improvements).
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TABLE 13

SUMMARY OF WEIGHTED SCORING FOR EACH TECHNICAL CRITERIA CATEGORY

Technical
Criteria
Category

Sediment Management and Use Option
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Feasibility (17) 59.5 56.1 54.4 56.1 45.9 47.6 62.9 59.5 71.4 71.4 59.5
Ecological
Benefits/Effects
(22)

66.0 79.2 81.4 72.6 72.6 88.0 66.0 66.0 59.4 59.4 66.0

Environmental
Impacts/Effects
(20)

80.0 70.0 70.0 66.0 66.0 70.0 86.0 86.0 40.0 66.0 56.0

Human
Benefits/Effects
(10)

30.0 32.0 36.0 30.0 30.0 38.0 32.0 32.0 28.0 28.0 24.0

Economic
Benefits/Effects
(14)

60.2 58.8 58.8 51.8 51.8 51.8 60.2 60.2 44.8 42.0 51.8

Implementation
Costs (17) 58.8 55.8 66.0 42.3 17.0 84.2 85.0 83.8 84.7 84.0 62.6

Total Weighted
Score 354.5 351.9 366.6 318.8 283.3 379.6 392.1 387.5 328.3 350.8 319.9

Note: Weighting factors for each criteria category are noted next to the technical criteria category in
parentheses.

7.3.3 Relative Ranking of Single-Options
The relative ranking of the options based on the technical and weighted scores were very

similar (Table 14).  The agricultural field improvements, wetland restoration and shoreline

protection, and emergent shallow water HRU options ranked in the top three options based on

their average technical scores. The submerged shallow and deep water HRUs and the new

CDF options ranked in the bottom three options based on their average technical scores. After

applying the weighting factor, options did not change with the exception of the new CDF and

deep water submerged HRU options.  These options were initially tied based on the technical
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score ranking.  After weighting factors were applied, the new CDF had a slightly higher weighted

score, which gave it a higher ranking.

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 14

SUMMARY OF SINGLE-OPTION RANKINGS BASED
ON TECHNICAL AND WEIGHTED SCORES

Rank Option
Technical

Score Option
Weighted

Score

1

Agricultural Field
Improvements (5-mile
radius) 23.5

Agricultural Field
Improvements (5-mile radius) 392.1

2

Agricultural Field
Improvements (10-mile
radius) 23.2

Agricultural Field
Improvements (10-mile radius) 387.5

3
Wetland Restoration &
Shoreline Protection 22.8

Wetland Restoration & Shoreline
Protection 379.6

4
Emergent HRU - Shallow
Water 22.1 Emergent HRU - Shallow Water 366.6

5 Beneficial Use 21.3 Beneficial Use 354.5

6
Emergent HRU - Deep
Water 21.1 Emergent HRU - Deep Water 351.9

7
Open-Lake Placement
with Controls 20.9

Open-Lake Placement with
Controls 350.8

8

New Open-Lake
Placement Area without
Controls 19.9

New Open-Lake Placement Area
without Controls 328.3

9 New CDF 19.1 New CDF 319.9

10
Submerged HRU – Deep
Water 19.1 Submerged HRU - Deep Water 318.8

11
Submerged HRU -
Shallow Water 17.0 Submerged HRU - Shallow Water 283.3

7.4 Single-Option Challenges
There are several challenges with using a single option to accommodate all 30M CY of material.

First, there is a low flexibility when using a single option approach.  Altering a design, location,

or other logistics is difficult once a single-option has commenced.  There can also be seasonal

challenges associated with this approach.  For example, construction of a single in-water option

might be restricted to a narrow window due to several aspects such as fish spawning windows

and storm events.  Additionally, a single option generally has a higher capital cost and does not

strike a balance between capital cost and O&M.  Single options also must be sufficiently large to

accommodate all 30M CY, which makes the footprint unreasonable.  They also have large
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structural requirements and have very site-specific impacts due to the large footprint.  As a

result, both short-term and long-term plans will likely consist of a combination of approaches

due to the challenges of a single option.

7.5 Combination Approach
A combination option where the 30M CY of material is allocated across several options will help

to overcome the challenges associated with using a single option to accommodate the entire

volume of material.  By distributing the 30M CY of material across several options, the overall

“footprint,” and capital cost of each option will be reduced.  Construction of different options can

be done concurrently, or one option can be constructed when environmental windows, or other

constraints, prohibit work on a second option. Finally, a combination option maximizes the

benefits associated with each option, such as adding habitat as well as creating a market for

dredged material.  The positive and negative impacts of each option are distributed through a

combination approach. Additionally, adaptive management involving a combination option is

much more feasible compared to using a single option. In the event that difficulties arise with

the implementation of one option, additional sediment volume could be allocated to a different

option.
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8.0 IDENTIFICATION OF THE COMBINATION OPTION

8.1 Introduction
As previously discussed, a major assumption of this THSMUP is that a combination of different

options is likely a better solution than a single-option scenario due to the complexity of the

technical criteria identified by the Task Force as well as the difficulties of a multidisciplinary

approach.  A combination of options allows for more flexibility with respect to logistics (e.g. final

placement site relative to specific dredging location in a given year) which provides benefits to

feasibility, practicality, and costs.  It also allows for opportunities to balance the environmental,

ecological, human, and economic impacts and benefits.

8.2 Selection of Combination Option
After evaluating and screening the feasibility, ecological benefits, environmental impacts, human

benefits, economic benefits, implementation costs and other factors for the different options, a

combination of four options were selected as the proposed option.  Generally, options selected

for the combination option scored highest in at least one technical criteria category.  The options

selected for the combination scenario are wetland restoration and shoreline protection,

agricultural field improvements, open-lake placement with controls, and beneficial use.  Based

on an initial evaluation, the approximate volume of sediment (total over 30 years) for each

option was allocated as follows:

 wetland restoration and shoreline protection - 7M CY;

 agricultural field improvements - 7M CY;

 open-lake placement with controls - 13M CY; and

 beneficial use - 3M CY.

The volumes above are preliminary and for initial discussion purposes only.  As the program is

developed, the options, as well as respective volumes and locations, may be modified to adapt

to possible changes in dredging operations, technology advancements, research activities, etc.

Appendix G-8 shows the conceptual locations and relative size of areas required to place the

above quantities.
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8.2.1 Potential Locations of Combination Option
Discussed below are a few potential/preliminary locations for the Combination Option.  These

and other locations will be further evaluated during a detailed design of these options.  Also,

specific center of gravities can be determined for each option during a detailed design.

Shoreline Protection and Wetland Restoration

Two locations that have been identified for this option are the areas west and east of Cedar

Point.  These areas are relatively close to the center of gravity of dredging operations and would

provide additional habitat near the Cedar Point NWR.  A preliminary evaluation determined that

a channel would be maintained between the existing and new habitats, which would allow for

the current hydrology of the refuge to be maintained as well as provide aquatic access to the

refuge area.

Agricultural Field Improvements

Several parcels of farmlands were identified by Proudfoot Associates.  The parcels were located

within a 5-mile radius from a potential location on the Maumee Bay shore near the center of

gravity.  The parcels are all in agricultural zoning and within Lucas County.  This initial

evaluation showed that there are a few potential areas for this option but that a larger radius

might be needed during a detailed design.  A review of farmlands within a 10-mile radius, which

also extends into the counties of Ottawa and Wood, showed that the potential areas could

double or triple in comparison to the 5-mile radius scenario. This preliminary review was based

on plat maps and public information available in local Auditor’s websites.  Property owners were

not contacted.

Open-Lake Placement with Controls

A potential location for this option would be near the current placement site, possibly northeast

of the site.  Deeper areas of the current placement site that have space available could also be

used, which could help maintain previously disposed sediment in place as well.  The selection of

a new site would require detailed studies and design considerations to comply with the

requirements from Ohio EPA. A new open-lake placement site would be designated and

evaluated by USACE under Clean Water Act Section 404(b)(1) guidelines.  This area would be

coordinated with OEPA in terms of evaluating whether the proposed discharge of dredged

material at the site would comply with applicable state water quality standards.
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Beneficial Use

There are several locations along the section of the Federal channel within the Maumee River

that could be used to install a processing facility for beneficial use of the dredge material.

During a detailed design, a final location would be selected based on property ownership,

access (aquatic and terrestrial), proximity to the center of gravity, and other factors.

8.2.2 Combination Option Matrix Scoring
During the process of selecting a combination option, the technical team scored the combination

scenario to compare it with the other (individual) options. Table 15 presents the results from the

combination option scoring, along with the scores of each single-option.  Note that the

combination option scored higher than the individual options in each category.  Also, each

individual option that comprises the combination option scored the highest in at a minimum of

one technical criterion.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 107 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 15

TECHNICAL AND WEIGHTED SCORING FOR SINGLE-OPTIONS AND COMBINATION OPTION
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1.
 F

ea
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y

Placement Timing and
Sequencing 1 5 5 5 4 3 3 4 5 4 5 5
Capacity Expansion
Capability 5 5 4 5 3 2 5 5 5 5 4 5
Size of Overall Footprint 2 4 2 2 1 2 2 2 3 3 3 4
Implementation/
Construction Complexity 4 1 2 2 2 3 4 3 5 4 3 4
Construction Duration 5 1 2 2 2 3 4 4 5 5 2 5
Site Accessibility 4 4 4 4 4 4 4 3 2 4 4 5
Total Technical Score 21 20 19 20 16 17 22 21 25 25 21 28
Average Technical Score 3.5 3.3 3.2 3.3 2.7 2.8 3.7 3.5 4.2 4.2 3.5 4.7
Average Weighted Score
(Avg. Score x 17) 59.5 56.1 54.4 56.1 45.9 47.6 62.9 59.5 71.4 71.4 59.5 79.9

2.
 E

co
lo

gi
ca

l B
en

ef
its

/E
ffe

ct
s

Planktonic and Benthic
Community/Habitat 3 2 2 4 4 4 3 3 2 2 2 3
Fish and Aquatic
Invertebrate
Species/habitat 3 4 4 4 4 4 3 3 2 2 2 3
Wetlands (tidal, non-tidal) 3 4 4 3 3 4 3 3 3 3 3 4
Protected Species/Habitat 3 3 4 3 3 4 3 3 3 3 3 3
Pelagic Birds/Habitat 3 4 4 3 3 4 3 3 3 3 4 4
Terrestrial Species/Habitat 3 4 4 3 3 4 3 3 3 3 3 3
Creation of Surface Water
Features with Ecologically
Beneficial Habitat 3 4 4 3 3 4 3 3 3 3 4 4
Total Technical Score 21 25 26 23 23 28 21 21 19 19 21 24
Average Technical Score 3.0 3.6 3.7 3.3 3.3 4.0 3.0 3.0 2.7 2.7 3.0 3.4
Average Weighted Score
(Avg. Score x 22) 66.0 79.2 81.4 72.6 72.6 88.0 66.0 66.0 59.4 59.4 66.0 74.8

3.
 E

nv
iro

nm
en

ta
l

Im
pa

ct
s/

Ef
fe

ct
s

Hydrodynamic Effects 5 4 4 4 4 4 4 4 1 3 2 4
Land Improvements 5 4 4 3 3 4 5 5 3 3 4 4
Surface Water Quality 3 3 3 3 3 3 4 Z 4 1 4 2 4
Groundwater Quality 3 3 3 3 3 3 4 4 3 3 3 3
Total Technical Score 16 14 14 13 13 14 17 17 8 13 11 15
Average Technical Score 4.0 3.5 3.5 3.3 3.3 3.5 4.3 4.3 2.0 3.3 2.8 3.8
Average Weighted Score
(Avg. Score x 20) 80.0 70.0 70.0 66.0 66.0 70.0 86.0 86.0 40.0 66.0 56.0 76.0

4.
 H

um
an

B
en

ef
its

/E
ffe

ct
s

Recreation Opportunity 3 4 5 3 4 4 3 3 3 3 3 3
Flood Protection 3 3 3 3 3 5 5 5 3 3 3 4
Aesthetics 3 4 5 3 3 4 2 2 3 2 2 3
Human Health Risk 3 3 3 3 3 3 3 3 2 3 2 3
Navigational Safety 3 2 2 3 2 3 3 3 3 3 2 3
Total Technical Score 15 16 18 15 15 19 16 16 14 14 10 16
Average Technical Score 3.0 3.2 3.6 3.0 3.0 3.8 3.2 3.2 2.8 2.8 2.4 3.2
Average Weighted Score
(Avg. Score x 10) 30.0 32.0 36.0 30.0 30.0 38.0 32.0 32.0 28.0 28.0 24.0 32.0

5.
 E

co
no

m
ic

 B
en

ef
its

/E
ffe

ct
s Revenue Generation

(During Operation) 5 3 3 3 3 3 4 4 3 3 5 4
Revenue Generation
(Post-Operation) 4 4 4 3 3 3 5 5 3 3 4 4
Public Need 5 4 4 4 4 4 4 4 3 3 3 4
Job Creation 5 4 4 4 4 4 4 4 3 3 4 4
Tourism 3 5 5 4 4 4 4 4 4 3 3 4
Local Commerce 4 5 5 4 4 4 5 5 3 3 3 4
Total Technical Score 26 25 25 22 22 22 26 26 19 18 22 24
Average Technical Score 4.3 4.2 4.2 3.7 3.7 3.7 4.3 4.3 3.2 3.0 3.7 4.0
Average Weighted Score
(Avg. Score x 14) 60.2 58.8 58.8 51.8 51.8 51.8 60.2 60.2 44.8 42.0 51.8 56.0

6.
 Im

pl
em

en
ta

tio
n

C
os

ts Total Cost per CY 3.46 3.28 3.88 2.49 1.00 4.95 5.00 4.93 4.98 4.94 3.68 4.75

Average Technical Score 3.46 3.28 3.88 2.49 1.00 4.95 5.00 4.93 4.98 4.94 3.68 4.75
Average Weighted Score
(Avg. Score x 17) 58.8 55.8 66.0 42.3 17.0 84.2 85.0 83.8 84.7 84.0 62.6 80.8

Total Average Score 21.3 21.1 22.1 19.1 17.0 22.8 23.5 23.2 19.9 20.9 19.1 23.9

Total Weighted Score 354.5 351.9 366.6 318.8 283.3 379.6 392.1 387.5 328.3 350.8 319.9 399.5
Notes:

1. The combination option includes beneficial use (3M CY), wetland restoration and shoreline protection (7M CY), agricultural field improvements (7M CY), and open-lake placement
with controls (13M CY).  These volumes are preliminary and for initial planning purposes only.
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9.0 SINGLE AND COMBINATION OPTION FINAL RANKING AND RELATIVE COSTS

Based on the results of the technical and weighted scores (Section 8.0), the single and

combination options were ranked based on weighted score (Table 16). The combination option

had the highest weighted score compared to the single-options.  Additionally, the estimated unit

cost for the combination option was $13.50, compared to the single-option unit costs, which

ranged from $10.30 to $61.70.

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 16

SUMMARY OF RANKING, TECHNICAL AND WEIGHTED SCORES,
AND UNIT COST FOR SINGLE-OPTIONS AND COMBINATION OPTION

Rank Option
Technical

Score
Weighted

Score
Unit Cost

($/CY)
1 Combination1 23.9 399.5 $13.50

2
Agricultural Field
Improvements (5-mile
Radius)

23.5 392.1 $10.30

3
Agricultural Field
Improvements (10-mile
Radius)

23.2 387.5 $11.20

4 Wetland Restoration &
Shoreline Protection 22.8 379.6 $10.90

5 Emergent HRU - Shallow
Water 22.1 366.6 $24.70

6 Beneficial Use 21.3 354.5 $30.10
7 Emergent HRU - Deep Water 21.1 351.9 $32.40

8 Open-Lake Placement with
Controls 20.9 350.8 $11.10

9 New Open-Lake Placement
Area without Controls 19.9 328.3 $10.50

10 New CDF 19.1 319.9 $27.30

11 Submerged HRU - Deep
Water 19.1 318.8 $42.60

12 Submerged HRU - Shallow
Water 17.0 283.3 $61.70

Notes:
1. The combination option includes beneficial use (3M CY), wetland restoration and shoreline

protection (7M CY), agricultural field improvements (7M CY), and open-lake placement with
controls (13M CY).  These volumes are preliminary and for initial planning purposes only.
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10.0 EVALUATION OF ENVIRONMENTALLY ENHANCED DREDGING TECHNIQUES

10.1 Hydraulic Dredging with Permanent Discharge Lines
Dredging at Toledo Harbor is typically completed using mechanical dredging.  Mechanical

dredging uses a clamshell, or bucket, to dredge the material. During mechanical dredging, the

bucket is lowered through the water column and is used to scoop sediment from the bottom.

The bucket is closed, raised up through the water column to the surface, and is swung over a

bottom-dump scow where the bucket load is dropped.  This process is repeated until the scow is

filled.  As the scow nears capacity, water that flows off of the scow often carries fine-grained

sediment that can cause turbidity in the water column.

One way to minimize potential turbidity in the water column is to use hydraulic dredging and

permanent discharge lines. A literature review of various dredging techniques showed that

hydraulic dredges tend to re-suspend less sediment into the water column than mechanical

dredges when all other factors are equivalent such as sediment size, hydrodynamic conditions,

etc. (Anchor Environmental, 2003). Hydraulic dredging uses a centrifugal pump to transport the

dredged material as a slurry.  As part of this method, the slurry is transported through pipelines

connected to the pump discharge.  Booster pumps can be added to aid in the transport of

material over long distances.  Permanent discharge pipelines can be submerged on the bottom

of the lakebed to reduce the hazards associated with floating pipelines (e.g. wave action, boat

traffic, etc.).  Based on historical information, a 2:1 pumping ratio of water to dredged sediment

must be achieved in order to avoid clogging the pipeline.  This ratio is an important factor in

determining the required pump and pipeline size, pumping power, and containment volumes

associated with each option.

10.2 Open-Lake Placement with Controls
Open-lake placement with controls would include amending material dredged from the Federal

channel with aluminum sulfate (alum) or similar materials and bentonite clay and/or other

coagulants prior to or during placement in the open lake placement area. Alum treatment

results in the settling and removal of insoluble aluminum phosphate, reducing water column TP

and chlorophyll a concentrations (Welsh and Cooke, 2009).  The reduced phosphorus

concentration limits the food source for blue-green algae, potentially reducing the generation of

HABs. Additionally, alum can increase the shear strength of material post-placement.

Bentonite has been demonstrated to be an effective flocculant to reduce turbidity during
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placement (USACE, 2001).  Use of alum and bentonite could result in positive impacts to both

short- and long-term turbidity.

Bentonite and/or other coagulants will act as a flocculant during placement to reduce turbidity

and increase the shear strength of the placed sediment while also helping to neutralize the

alum-dosed dredged material.  Bentonite, a member of the smectite family of clays, is primarily

composed of montmorillonite and is one of the most cohesive common clays.  It is used in a

variety of areas, including construction, cat litter, food additives, foundry, and paper making.

Jiang and Kim (2008) found that bentonite was highly effective as a coagulant at removing

chlorophyll a and reducing turbidity from water dosed with Microcystis. In addition, bentonite

has been shown to increase the shear stress of sediments, reducing erosion rates and

enhancing the stability of the sediments when incorporated with capping materials.  The addition

of even 0.5% bentonite mixture was shown to increase shear strength and a 2% bentonite

mixture increased the shear strength by up to two orders of magnitude (USACE, 2001).

It is anticipated this method could be carried out separately from the dredging operation by a

separate vessel being used to treat the dredging scow, resulting in minimal disturbance to the

operation. A white paper discussing this option in more detail can be found in Appendix I.
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11.0 SEDIMENT MANAGEMENT AND USE RECOMMENDED OPTIONS

11.1 Recommended Options
11.1.1 Short-Term Options
Short-term options can be implemented within the next 1 to 5 years and have minimal delays

resulting from permitting, design, etc.  Short-term options can be pursued while planning,

design, and permitting activities are completed for long-term options.  Short-term options

generally have minimal delays associated with design and permitting.  Options that are

favorable for short-term implementation include:

 open-lake placement with controls;

 open-lake placement without controls in a new location; and

 beneficial use as non-structural fill.

These options have varying unit costs, with the unit costs ranging $10.50/CY for open-lake

placement at a new location without controls and $30.10/CY for beneficial use.  These options

could be implemented within the next few dredging years and would not significantly impact the

federal dredging operation.

11.1.2 Long-Term Options
Long-term options typically undergo a more extensive planning, design, and permitting process.

These options generally have a large capital cost but can accommodate a large volume of

material over many years.  Options that are favorable for long-term implementation include:

 agricultural field improvements;

 wetland restoration and shoreline protection;

 submerged HRU;

 emergent HRU; and

 new CDF.

Figure 8, Relative Unit Costs for Single-Options and Combination Option, illustrates relative unit

costs for long-term options, which range from $10.30 for the 5-mile radius agricultural field

improvement option to $61.70 for the submergent shallow water HRU.
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

FIGURE 8

RELATIVE UNIT COSTS FOR SINGLE-OPTIONS AND COMBINATION OPTION
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11.2 Second Public Forum
A second Toledo Harbor Public Forum was held on Tuesday June 19, 2012 to present

stakeholders with the ranking and prioritization of sediment management and use options.

Forum attendees had the opportunity to learn about proposed sediment management and use

options under consideration, as well as the evaluation approach used to prioritize the options.

This forum provided an opportunity for stakeholder input regarding the evaluation approach and

proposed options through a question and answer session and a post-forum survey.

The major objectives of the second public forum were to:

 review potential sediment management and use options for Toledo Harbor;

 present the technical team’s evaluation process for prioritizing sediment
management and use options for Toledo Harbor;

 present the preliminary prioritized sediment management and use options
identified for Toledo Harbor; and

 solicit feedback from stakeholders on the proposed evaluation process and
preliminary sediment management and use options identified for Toledo Harbor.

A complete summary of the second public forum is provided in Appendix J.

11.3 Potential Funding Sources and Legislative Changes
Various sources of funding can be pursued for further study or construction of sediment

management and use options. In some cases, certain funding sources might be conducive to

collecting data or information required to proceed with an option or construct a

pilot/demonstration project.  Funds can be obtained directly through Congress or the state

legislature through specifically authorized projects and/or programs.  For example, the Ohio

legislature passed the Healthy Lake Erie Fund, scheduled to take effect October 1, 2012, which

appropriates $3M to address nutrient runoff and algae blooms in Lake Erie.  Additionally,

Section 217 of WRDA 1996 provides for Dredged Material Disposal Facility (DMDF) public-

private partnerships in which a non-federal sponsor(s) would design, build, and operate the

DMDF and the Federal government would pay a tipping fee.

Table K-1 in Appendix K presents a list of potential grants and loan programs in which funding

for Toledo Harbor Sediment Management and Use options could be pursued.  This list is not

meant to serve as an exhaustive inventory of all possible funding sources. In addition to the
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selected funding list provided by Table K-1 in Appendix K, additional funding programs can be

found through the Catalog of Federal Domestic Assistance, published by the U.S. Office of

Management and Budget. The website grants.gov also provides a listing of available grant

programs.  Longstanding efforts are underway to free up funds in the Harbor Maintenance Trust

Fund (HMTF) for their original purpose of supporting dredging of navigational harbors.  Should

this money become available, it is possible some could be used to pursue a sediment

management and use option.  Additionally, special programs such as the GLRI might provide

opportunities to use grant funds to pursue various options.  State funds might also be a

possibility to pursue construction of a sediment management and use option.  In some cases,

an option (i.e. beneficial use) may produce a revenue stream, which can assist in the O&M

associated with the option.  Other options for raising funds include special taxes or sales tax

surcharges, specialty license plates, credit cards, private foundations, endowment funds, and

private-public partnerships (USEPA, 2007).

Funding a sediment management and use option solely through state and federal programs

and/or grants is becoming increasingly difficult.  As a result, it is likely that local, state, and/or

private funds might be necessary to fully plan, design, and implement a sediment management

and use option. Additionally, changes to WRDA or other Congressional acts would be required

for USACE to pursue any option that is currently not authorized under their existing authorities

(e.g. Section 204).  Stakeholders should consider ensuring that Toledo Harbor is adequately

addressed in future WRDAs.

11.4 Recommended Implementation Approaches and Considerations
It is recognized that prior to implementing a specific sediment management and use option

identified in the THSMUP, additional monitoring and/or data evaluation might be necessary to

estimate costs better and to ensure the implementation of that option is feasible and protective

of human health and the environment at the location for which it is being considered. Such

determinations might consist of evaluations of existing data and/or the collection of new site-,

use-, or material-specific data to characterize the physical suitability (e.g. grain size, texture,

plasticity, organic content, etc.), engineering suitability (e.g. compatibility, consolidation, shear

strength, etc.), and environmental suitability (e.g. chemical concentrations, toxicity, leaching

potential, ecological inventories of existing benefits, etc.) of site-specific sources of dredged

material and a final use/placement option. Additionally, the use of dredged material may likely

require a material management plan, which details the logistics of using dredged material for
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upland uses, including stormwater controls, record keeping, and methods to be implemented.

This plan would be closely coordinated with Ohio EPA to ensure compliance with applicable

regulations and standards.

Prior to actual implementation of a sediment management and use option, the Task Force

should complete, as appropriate, the following site-specific characterization activities and

evaluations:

1. complete more detailed design cost sensitivity analyses that will also help identify
best mix (relative volume) and timing of individual components (original
allocations used for evaluation/discussion purposes in the combination approach
will likely change);

2. engage site-specific discussions with controlling entities and regulatory agencies;

3. establish ongoing discussions with legislators and public officials regarding
project opportunities and associated legislation/funding needs;

4. initiate pilot projects (e.g. open-lake placement with controls, agricultural field
improvement);

5. review findings of the USACE Section 204 study, Ohio State University beneficial
use study, the Phase II Phosphorus Task Force report, and other applicable
sediment management and use studies when they become available, and adjust
the approach to reflect new findings, as appropriate;

6. review and incorporate future open-lake placement data monitoring phosphorus
dynamics of dredged material and open-lake placement methods, as required in
the 2012 Section 401 WQC;

7. complete additional laboratory and field testing to address active consolidation
rates for relevant scenarios; and

8. complete more detailed evaluations of alternative dredging techniques compared
to infrastructure costs associated with sediment transportation to specific
sediment management and use options.

Under the current Federal dredging program, any options that exceed the cost of the federally

preferred option are the responsibility of a non-federal sponsor.  Since open-lake placement is

currently the federally preferred option, project partners and funding sources must be identified

to carry forward an option presented as part of this THSMUP.

The material placement methods considered and allocated volumes comprising the combination

option were identified taking into consideration current practices and using best professional
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judgment and were established to develop preliminary cost estimates so that the combination

option could be compared to the single-options. Actual volumes and associated management

and construction costs will be based on site-specific attributes including distance from dredging

operations, available space, and timing.  A sensitivity analysis should be completed to identify

the most cost-effective material placement methods and to identify a more optimal volume

allocated to each selected option within the combination option.

The Task Force should jointly inventory and prioritize potential sediment management options

identified in this THSMUP.  They may consider establishing a sub-committee to facilitate the

development of an integrated decision-making framework in order to pursue and implement

prioritized sediment management options identified by the Task Force.  To accomplish this, a

sub-committee could work with the dredging project leads to implement options identified under

this THSMUP and inventory and monitor future dredging projects.

Collaboration of all dredging work, including those seeking permits, could result in a

coordinated, cost-effective sediment management approach.  The subcommittee could

coordinate with Port terminal operators, marinas, local development agencies, and others that

conduct dredging to develop a system of inventorying planned dredging projects, needs, and

backlogs.  Compiling the permit requirements, dredging history, sediment characteristics, and

placement and use attributes into an integrated computer-hosted geographical information

system (GIS) will assist the Task Force in planning for future sediment management needs.

The GIS could be used to facilitate collaboration and coordination between Federal and non-

federal stakeholders.  The GIS could also include attributes specific to THSMUP-recommended

options such as allocated capacity, remaining capacity, characteristics of placed material (e.g.

source, volume, analytical/geotechnical characterization, etc.), any placement restrictions, and

other attributes that will assist the Task Force in long-term planning of a sediment management

strategy.

The GIS could also be used to predict future dredge needs by projecting anticipated dredge

volumes based on rates of sediment accumulation, or past dredging cycles, so that multiple

property owners can plan to dredge at the same time, thereby leveraging resources, and

funding.  Potential benefits of a coordinated system could include reduced costs by avoiding

multiple mobilizations.  Additionally, the Task Force can plan for the demand for dredge disposal

or beneficial use.
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The subcommittee would report to the Task Force during regular meetings to update members

on future dredging projects. By having an established system, the Task Force will be positioned

to quickly seek funding opportunities in order to implement sediment management options.  If a

subcommittee is formed, it is recommended, at minimum, a representative(s) from USACE

(local office and regulatory), TLCPA, City of Toledo, and City of Oregon should be included to

ensure future dredging projects are identified and coordinated.

In addition to securing project partners and funding, collaboration between the project partner(s)

and USACE will be necessary to implement an option in coordination with the existing Federal

contract.  Additional work that might be required to implement an option could be added onto

the existing Federal contract or as a separate contract. Project partners must work together to

implement solutions, including overcoming regulatory and programmatic obstacles in a manner

that remains protective of human health and the environment and that is economically sound.

11.5 Timelines for Options and Phasing
Timelines for implementation will be dependent on the completion of additional project-specific

evaluations, as described in Section 4.0, as well as securing project funding. Short-term options

presented in Section 11.1.1 can be implemented within the next five years while long-term

options, which will require extensive planning and design, could take up to five years to

implement. Pilot projects described in Section 11.4 to support the implementation of

recommended short-term and long-term sediment management options can be immediately

initiated.

Final engineering and design and permitting for short-term options are expected to take 6 to 12

months.  However, this estimate could vary based on specific project conditions and

programmatic restraints.  Final engineering and design and permitting for long-term options are

expected to take 12 to 24 months.  However, this estimate could vary based on specific project

conditions and programmatic restraints.

Depending on the option being pursued, the implementation committee would involve local

stakeholders and the applicable regulatory organizations. Implementation of the sediment

management and use approach will need to be carried out in phases. Construction of different

options can be completed concurrently, or one option can be constructed when environmental

windows, or other constraints, prohibit work on a second option. Finally, a combination option
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maximizes the benefits associated with each option, such as adding habitat as well as creating

a market for dredged material.  The negative impacts of each option are mitigated by a

combination approach. Additionally, a combination approach allows for adaptive management.

In the event that difficulties or opportunities arise during the implementation of one option,

additional sediment volume could be allocated to, or from, a different option.  Short-term options

can be constructed or implemented within 5 years, while long-term options will need to be

constructed in phases over a longer timeframe.

Of the prioritized options presented in this THSMUP, the agricultural field improvements, the

open-lake placement with controls, beneficial use, and wetland restoration/shoreline protection

are most suitable for implementation based on feasibility and costs.  Prior to full-scale

implementation, a small-scale and short-term preliminary study (pilot project), or other

preliminary evaluation, should be conducted to better assess the potential to optimize the full-

scale implementation of each option and to confirm assumptions used in the development of the

preliminary concept. Pilot testing can generally be completed within one year from initiation, not

including any unforeseen delays in regulatory approvals/permits, contracting, or funding.

Additional evaluations and tasks that should be initiated in Year One include:

 identify public-private partnerships to pursue funding opportunities to implement
portions of the THSMUP;

 completion of a comprehensive risk evaluation regarding suitability of dredged
material to be beneficially used in a manner protective of human health and the
environment;

 inventory of existing conditions and assessment of ecological cost and benefits of
wetland restoration;

 economic analysis of alternative dredging techniques and configurations (e.g.
pump-out system and hydraulic dredge);

 fluid mechanics testing to optimize infrastructure design;

 agronomic testing to support agricultural field improvements;

 ongoing search for opportunities to support beneficial use (e.g. structural fill);

 bench-scale testing to determine dosing levels for amendments to dredge
material for the open-lake placement with controls option; and
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 completion of a materials management plan to outline the logistics of using
dredged material for upland uses, including stormwater controls, record keeping,
and methods to be implemented.

The following tasks should be completed in Year Two:

 implementation of open-lake placement with controls option:

 implementation of beneficial use as non-structural fill option;

 final design activities for the agricultural field improvement option; and

 final design activities for the wetland restoration and shoreline protection option.

The following tasks should be completed in Year Three:

 continued implementation of open-lake placement with controls;

 continued implementation of beneficial use as non-structural fill;

 permitting, procurement, and pre-construction activities for agricultural field
improvement option; and

 permitting, procurement, and pre-construction activities for wetland restoration
and shoreline protection option.

The following tasks should be completed in Year Four:

 continued implementation of open-lake placement with controls;

 continued implementation of beneficial use as non-structural fill;

 construction of final design for agricultural field improvement components; and

 construction of final design for wetland restoration and shoreline protection
components.

The following options should be implemented in Year Five:

 continued implementation of open-lake placement with controls;

 continued implementation of beneficial use as non-structural fill;

 agricultural field improvements; and

 wetland restoration and shoreline protection.

Potential funding to complete these tasks are discussed in Section 11.3.  GLRI funding, GLC

and Ohio LEC grants and a variety of other program funds could be pursued for both pilot

project and implementation.  Further, should the HMTF legislation be successful, this program
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could provide a long-term source of funding the implementation of a comprehensive sediment

management and use strategy.

11.6 Refinement of Recommended Agricultural Field Improvement Option
Based on recent discussions with Ohio EPA and other stakeholders, it appears that one of the

more sustainable sediment management options identified as part of work completed for the

THSMUP is the beneficial use of dredged material for agricultural field improvements. In light of

the relative importance of the agricultural field improvement option to the overall program and

the recognition that a pilot project would likely be appropriate to get support from the farm

community, several additional tasks were completed to obtain relevant information needed to

move this option forward as a potential pilot demonstration project. A pilot project could serve

as a model for beneficial use of dredged materials on agricultural fields and demonstrate the

implementability of full-scale implementation. Results could have significant implications and

replication opportunities for the management and beneficial use of dredged material throughout

the Great Lakes.

Additional activities completed to refine the agricultural field improvement option included:

 Desktop review of agronomic suitability of dredged material, including a review of
available dredged sediment data, crop recommendations (e.g. alfalfa, corn),
potential additives (e.g. fertilizer, lime), and review of similar projects to identify
the number of growing cycles needed to obtain suitable agronomic and soil
conditions for crops;

 Refinement of design and implementation methods, including project-specific
specifications for the implementation of the agricultural field improvement option
and a desktop review of the agricultural field improvement option currently being
completed at East Harbor State Park and other similar projects;

 Refinement of preliminary cost estimates, including a more detailed pump
management and maintenance cost, more detailed land rental/acquisition and
easement costs, refined anticipated energy costs associated with pumping
operations, and refined construction cost estimates for installation of in-water and
upland infrastructure; and

 Identification of next steps (e.g. financing, permitting) that are recommended to
move forward with the implementation of the agricultural field improvement option
or a pilot project.

A detailed report of the work completed as part of refinement of this option is included in

Appendix L. The refined costs were based on a re-evaluation of the major design components,

including the most economical dredging and operational methods available, and a better defined
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site-specific potential placement location. While the refined cost estimates are closer to a final

opinion of probable costs, they should not be used for potential funding values.

Two options were evaluated for the transport of material to the final selected agricultural field

placement site: constructing a mechanical dredge with a pump-out location or using a hydraulic

dredge and pipeline system.  Details on the cost and operation of several hydraulic dredge sizes

are discussed in Appendix L. The use of a hydraulic dredge appears to be more economically

and logistically feasible than the current mechanical methods used in conjunction with a pump-

out area. However, hydraulic dredges have not been used in the Toledo Harbor since 2006,

and it could be challenging to find a hydraulic dredge that meets the current federal

procurement requirements (e.g. U.S. flag vessel, small business, etc.). If, during the

planning/design period, it is determined that the use of a hydraulic dredge is not feasible, the

pump-out area concept can be modified for the use of a mechanical dredge.

The physical characteristics of the dredged material are similar to naturally productive, fine

textured agricultural soils in northwest Ohio.  With the construction of proper engineered

controls to facilitate dewatering and proper handling, tillage, and fertility treatments, the dredged

material can develop into a productive agricultural soil. The recommended next steps for the

agricultural improvement option include:

 pilot study – perform a pilot study to demonstrate the suitability of the agricultural
field improvement option as a viable sediment management and use option for
Toledo Harbor dredged material; and

 contact potential site property owners and secure legal agreements; determine
sequencing plan for the sites.

Prior to land application of dredged material, it is expected that property owners would require a

demonstration that the dredged material are as follows:

 dredged material does not pose an unacceptable risk to human health and the
environment;

 nutrients and texture is compatible with current field conditions;

 traditional farming practices and equipment can be employed after material is
land-applied and returned to the farmer; and

 level of effort for maintenance of ditches, tiles, and structural controls is not
significantly more than current practices.
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Since the comparative scoring analysis identified the agricultural field improvement option as a

preferred option that can be implemented relatively quickly and used to manage dredged

material over the long-term, additional refinement of the design and costs were completed to

better position the option for a pilot project or for consideration for full-scale implementation.

The agricultural field improvement option is a viable, cost-effective sediment management and

use option for material dredged from Toledo Harbor. A pilot project of this option could serve as

a model for beneficial use of dredged materials on agricultural fields and demonstrate the

implementability of a full-scale project.
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12.0 SUMMARY

The THSMUP identifies and prioritizes practicable, implementable, economically sound, and

environmentally acceptable options, which could be implemented by federal, state, municipal,

and private entities that must dredge areas of the Toledo Harbor to maintain safe conditions for

marine commerce, recreational navigation, and other purposes.

Options were ranked and prioritized through a comparative scoring analysis, which focused on

general physical attributes, logistics, geographic attributes, historic and projected dredging

volumes, habitat areas, initial cost estimates, and stakeholder input on the relative importance

of six major categories of technical criteria.  These criteria included feasibility, ecological

benefits/effects, environmental impacts/effects, human benefits/effects, economic

benefits/effects, and implementation cost. The goal of the comparative scoring analysis was to

complete a fair, equitable evaluation of options that can be very dissimilar in both overall design

goal and implementation.

The prioritization was first completed assuming each single-option would accommodate 30M

cubic yards of dredged material over 30 years.  Results of the single-option evaluation indicate

that agricultural field improvements, wetland restoration and shoreline protection, shallow water

emergent HRU, and beneficial use options scored the highest.

Options that are favorable for short-term implementation include:

 open-lake placement with controls;

 open-lake placement in a different approved placement location; and

 beneficial use as non-structural fill.

Options that are favorable for long-term implementation include:

 agricultural field improvements;

 wetland restoration and shoreline protection;

 submerged HRU;

 emergent HRU; and

 new CDF.
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Following the single-option evaluation, higher ranking single-options were evaluated for

incorporation into a combination option capable of accommodating the 30M CY of dredged

material over 30 years due to the complexity of the technical criteria identified by the Task Force

as well as the difficulties of a multidisciplinary approach.  A combination of options allows for

more flexibility with respect to feasibility, practicality, and costs, and provides for opportunities to

balance the environmental, ecological, human, and economic impacts and benefits. Shoreline

protection and wetland restoration, agricultural field improvements, open-lake placement with

controls, and beneficial use were selected for the combination scenario since they scored

highest in at least one technical criteria category during the single-option evaluation. When

compared to the single-options, the combination option ranked the highest, demonstrating that

this combination option best balances environmental, ecological, and economic benefits and

impacts while minimizing overall unit cost.

Since the comparative scoring analysis identified the agricultural field improvement option as a

preferred option that can be implemented relatively quickly and used to manage dredged

material over the long-term, additional refinement of the design and costs was completed to

better position the option for a pilot project or for full-scale implementation. Such a strategy

would require following any appropriate protocols related to environmental reviews, permits, and

other processes that consider engineering and science principles as well as community

concerns and issues raised by stakeholders.

The THSMUP presents a comprehensive sediment management solution for the Toledo Harbor

that is practical, protective of human health and the environment, and is essential to securing

implementation funding. Ultimately, the Task Force and stakeholders will be responsible for

incorporating the recommendations from this THSMUP into a strategy that can be implemented.

Additionally, stakeholders can assist in the development and modification of current

programmatic and regulatory constraints that impede the pursuit of certain sediment

management and use options.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 126 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

13.0 TASK FORCE COMMENTS

Throughout the development of the THSMUP, Task Force members were provided status

updates during Task Force meetings and public forums and were encouraged to provide

feedback to the Hull Team. These meetings and forums were held to solicit feedback on the

weighted matrix approach and proposed sediment management and use options.  Feedback

and comments during these meetings have been documented through meeting minutes.

Documentation of the discussions held during Task Force meetings and public forums are

hosted on Ohio LEC’s website at http://lakeerie.ohio.gov/GLRI/ToledoHarbor.aspx.

During the November 2012 Task Force meeting, the Hull team provided Task Force members

with an overview of the final draft THSMUP including the updated agricultural field improvement

option conceptual design and estimated costs.  There was significant discussion on the draft

THSMUP. Task Force members provided feedback regarding their opinion of sediment

management and use options presented in the THSMUP, as well as comments related to the

refinement of the agricultural field improvement option. Task Force members discussed the

need to develop federal and state agency and legislative support for implementation of

THSMUP. Task Force members discussed pilot projects that could be implemented relatively

quickly including the agricultural field improvement option and the open-lake placement with

controls option.

Task Force members were given the opportunity to review draft versions of the THSMUP and to

communicate informal comments verbally or through e-mail or to provide formal written

comments for inclusion in the final THSMUP. On December 18, 2012, the USACE submitted

written comments on the earliest version of the THSMUP released to the Task Force for review

and comment.  A copy of the USACE’s written comments is provided in Appendix M and were

considered in the preparation of the final THSMUP.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 127 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

14.0 REFERENCES

Anchor Environmental, C.A. L.P. 2003. Effects of Resuspended Sediments Due to Dredging
Operations. Prepared for the Los Angeles Contaminated Sediments Task Force.

Baker, David. 2007. “ Phosphorus Loading to Lake Erie: A Brief Overview, Including Recent
Changes in Dissolved Reactive Phosphorus from Tributaries”. Web. Accessed 3 July
2012. < http://www.epa.ohio.gov/portals/35/lakeerie/ptaskforce/BakerBullets.pdf>.

Conroy, J.D. et al. 2005. Temporal trends in Lake Erie plankton biomass: roles of external
phosphorus loading and dreissenid mussels. Journal of Great Lakes Research. 31: 89-
110.

Davis, T.W. et al. 2009. The effects of temperature and nutrients on the growth and dynamics of
toxic and non-toxic strains of Microcystis during cyanobacteria blooms. Harmful Algae.
8:715-725.

Davis, Steve. 2004. Ohio Lake Erie Buffer Initiative: Final Report.

Flottman, Ruthanne. 2012. Beneficial Use of Dredged Material in Ohio as an Upland Soil
Substitute: Contaminant Screening. Thesis, The Ohio State University. Columbus, Ohio.

Great Lakes Commission. 2008. The Economics of Soil Erosion and Sedimentation in the Great
Lakes Basin.

Great Lakes Commission. 2004. Testing and Evaluating Dredged Material for Upland Beneficial
Uses. Ann Arbor, MI: Great Lakes Commission.

Jiang, J. and Kim, C. G. 2008. Comparison of Algal Removal by Coagulation with Clays and Al-
based Coagulants. Separation Science and Technology. 43:7, 1677-1686.

Kreitinger, Joseph P. 2012. “Update on Great Lakes Dredging Studies: Evaluating
Environmental Risks and Benefits of Open Water Placement”. Maumee Bay State Park,
Oregon, OH. May 17-18, 2012. 2012 Great Lakes Dredging Team Annual Meeting.

Hull & Associates, Inc. 1999. Preliminary Environmental Assessment for Beneficial Reuse of
Toledo Harbor Dredged Material.

Hull & Associates, Inc. 1989. Evaluation of Woodtick Peninsula and Recreation Hill/Upland
Disposal Alternatives Using Toledo Harbor Dredge Spoil Materials.

Hull & Associates, Inc. 1987. Preliminary Report of Alternative Dredge Material Disposal for the
Toledo, Ohio Harbor.

LimnoTech. 2010. Development, Calibration, and Application of the Lower Maumee River -
Maumee Bay Model.

MacDonald, DD, CG Ingersoll, and TA Berger. 2000.  Development and Evaluation of
Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems.  Archives of
Environmental Contamination and Toxicology 39:20-31.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 128 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

Martin Associates. 2011. The Economic Impacts of Port of Toledo.

NRCS. 2011. Assessment of the Effects of Conservation Practices on Cultivated Cropland in
the Great Lakes Region.

NRCS. Western Lake Erie Basin Water Resources Protection Plan: Ohio, Michigan, Indiana.
2005. Web. Accessed 25 July 2012.

NRCS. “Survey Reveals Conservation Tillage Practices in Lake Erie Drainage Area: There’s
plenty of stirring going on”. 2 May 2011. Web. Accessed 2 July 2012.
<http://www.oh.nrcs.usda.gov/news/news/wleb_tillage_survey_results.html>.

NRCS. 1998. Toledo Harbor Pilot Project - Final Report. Accessed 3 July 2012.
<http://www.glc.org/dredging/soil/toledo.html>.

Ohio EPA. 2010. Ohio Lake Erie Phosphorus Task Force Final Report.

Ouyang, D., Bartholic, J. and Salagean, J. 2005. Assessing Sediment Loading from Agricultural
Croplands in the Great Lakes Basin. The Journal of American Science, 1(2):14-21.

Richards, R.P. “Sediment Concentrations and Loads to Lake Erie: 1975-2000.” Cleveland, Ohio.
Managing and Understanding Sediments. 12 January 2011. Web. Accessed 25 July
2012.

Richards, R.P., et al. 2002. Trends in Agriculture in the LEASEQ Watersheds, 1974-1995.
Journal of Environmental Quality, 31:17-24.

Richards, R.P., et al. 2008. Thirty-Year Trends in Suspended Sediment in Seven Lake Erie
Tributaries. Journal of Environmental Quality, 37:1894-1908.

Sturgis, T.C., Lee, C.R., and Banks, H.C. Jr. 2001. Evaluation of Toledo Harbor Dredged
Material for Manufactures Soils, Phase I: Greenhouse Bench-Scale Test. ERDC/EL TR-
01-25. U.S. Army Engineer Research and Development Center, Vicksburg, MS.

Toledo-Lucas County Port Authority. 2012. The Toledo Seaport. Web. Accessed 27 December
2012.

USACE. 2012. Toledo Harbor, OH Project Factsheet. Buffalo District.

USACE. 2009. Finding of No Significant Impact and Environmental Assessment: Operations
and Maintenance Dredging and Placement of Dredged Material, Toledo Harbor.

USACE. 2009. Evaluation of Toledo Harbor Federal Navigation Channel Sediments with Regard
to Suitability for Open-Lake Placement.

USACE, 2001. Long-Term Dredged Material Management Plan: Executive Committee Phase 4
Report with Environmental Assessment.

USACE. 2001. Effects of Bentonite Clay on Sediment Erosion Rates. ERDC TN-DOER-N9. U.S.
Army Engineer Research and Development Center, Vicksburg, MS.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 129 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

USACE. 1995. Long-Term Dredged Material Management Plan: Executive Committee Phase 3
Report with Environmental Assessment.

USACE. 1993. Long-Term Dredged Material Management Plan within the context of Maumee
River Watershed Sediment Management Strategy: Phase I Report.

USEPA. 2007. Identifying, Planning, and Financing Beneficial Use Projects Using Dredged
Material. EPA842-B-07-001.

USEPA/USACE. 1998. Great Lakes Dredged Material Testing Manual.

USEPA/USACE. 1991. Evaluation of Dredged Material Proposed for Discharge in Waters of the
U.S. - Testing Manual. EPA-823 -B-98 -O04, Washington, D.C.

URS/Baird. 2011. Toledo Harbor Habitat Restoration Unit Conceptual Design Report Final Draft

Welch, E.B. and G.D. Cooke, 1999. Effectiveness and Longevity of Phosphorus Inactivation
with Alum. Lake and Reservoir Management, 15:1, 5-27.



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 130 DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

THIS PAGE INTENTIONALLY LEFT BLANK



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

APPENDIX A

Toledo Harbor Dredging Quantities and Center of Gravity Memorandum



THIS PAGE INTENTIONALLY LEFT BLANK



   

 

 

  

 

 

 

 
3401 Glendale Avenue, Suite 300  Toledo, Ohio 43614  (419) 385-2018  (419) 385-5487 fax 
 

 Memorandum 
 
TO:  John Hull, P.E. and Kelly Bensman 
 
FROM:    Fernando Camargo 
 
DATE:  September 22, 2011 
 
RE:  Toledo Harbor Dredging Quantities and Center of Gravity; TPA044.100.0010 
          
  
This Memorandum has been prepared to provide an update on the ongoing data review and 
calculations regarding sediment dredging in the Toledo Harbor, as part of the Toledo-Lucas 
County Port Authority and the Ohio Lake Erie Commission “Great Lakes Restoration Initiative 
Project; EPA Grant # GL-00E00523-0”. 
 
The local office of the United States Army Corps of Engineers (USACE), which is responsible for 
dredging the Toledo Harbor Federal Shipping Channel, provided estimates of the locations and 
volumes of dredged sediment between 2001 and 2010.  The numbers provided are not 
necessarily precise and are an attempt by the USACE to quantify the effort of work by the 
dredging contractor.  Table 1 shows the total sediment dredged per year and per location (River 
or Lake). 
 

TABLE 1 
VOLUME OF SEDIMENT DREDGED IN THE TOLEDO HARBOR  

FEDERAL CHANNEL BETWEEN 2001 AND 2010 
 

YEAR 
CUBIC YARDS 

REMOVED FROM RIVER 
CHANNELS 

CUBIC YARDS REMOVED 
FROM LAKE CHANNELS 

TOTAL PER 
YEAR 

2001 174,355 729,618 903,973 
2002 133,500 300,000 433,500 
2003 0 619,026 619,026 
2004 0 689,900 689,900 
2005 0 567,728 567,728 
2006 0 620,852 620,852 
2007 115,000 600,000 715,000 
2008 0 540,000 540,000 
2009 0 720,400 720,400 
2010 50,000 734,052 784,052 

TOTAL PER 
LOCATION 472,855 6,121,576 6,594,431 
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Based on the data provided by USACE, the annual average over the last 10 years is 
approximately 660,000 cubic yards of sediment dredged, with a minimum of approximately 
433,500 cubic yards in 2002, and a maximum of approximately 904,000 cubic yards in 2001. 
 
CENTER OF GRAVITY 
Center of gravity calculations were performed on dredge data to arrive at a ship channel location 
which represented the average station from which dredge spoils were removed.  Figure 1 is a 
location map of the portion of the Toledo Harbor showing the locations from which dredge spoils 
were removed.  The cumulative total over the last 10 years were color-coded to show the 
locations where dredging occurred per the following legend: 
 

 Green  40,000 to 300,000 cubic yards 
 

 Yellow  300,000 to 600,000 cubic yards 
 

 Red  600,000 to 1,040,000 cubic yards 
 
The center of gravity was calculated separately for the River Channel and the Lake Channel.  
The separation between Lake and River (station 291+00) was determined based on volumes 
rather than physical location.  Calculations were then performed on the combined data for an 
overall center of gravity. 
 
Figure 2 depicts the center of gravity for dredging in the Lake Channel.  The X axis shows the 
stationing from which the dredge material was removed.  The ordinate depicts the estimated 
average number of cubic yards per station that was removed between 2001 and 2010. 
 
Figure 3 depicts the center of gravity for dredging in the River Channel.  Ordinate and abscissa 
depict the same parameters as the previous figure.  Figure 4 shows the center of gravity for 
overall dredging operations (Lake and River Channels combined).   
 
The Center of Gravity calculations were performed as follows.  The total volume of dredge spoils 
within each range of stations (as provided by the USACE) was multiplied by the distance 
between the initial station and the middle station within the respective range.  This calculation 
determines the “moment arm” for each dredging event.  The individual moment arms were then 
added to determine the total moment arm.  This number was then divided by total volume of 
material to determine the final center of gravity stationing.  This represents the equivalent 
distance if all material were to be replaced by a point mass acting at one location.   
 
The center of gravity for dredging within the Lake Channel was calculated to be Station 593; the 
center of gravity for dredging within the River Channel was calculated to be Station 146; and the 
center of gravity for dredging within the Overall Federal Channel was calculated to be Station 
559.  
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Source: data provided by the US Army Corps of Engineers based on estimated 10-year
cumulative volume of dredged sediment used to quantify the contractor's work effort.
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Source: data provided by the US Army Corps of Engineers based on estimated 10-year
cumulative volume of dredged sediment used to quantify the contractor's work effort.
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Source: data provided by the US Army Corps of Engineers based on estimated 10-year
cumulative volume of dredged sediment used to quantify the contractor's work effort.
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Physical and Chemical Characteristics for Toledo Harbor Dredged Sediment,
Geotechnical Test Results, and USACE Evaluation of Toledo Harbor Federal

Navigation Channel with Respect to Suitability for Open-lake Placement
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Memorandum

TO: John Hull, P.E., Hull & Associates, Inc.

FROM: Phil Hicks and Kristin Gardner, Hull & Associates, Inc.

DATE: August 30, 2012

RE: Summary of Physical and Chemical Characteristics of the Toledo Harbor Dredge
Sediment; TPA044.100.0036

This memorandum provides a summary of general physical and chemical characteristics of
material dredged from the Toledo Harbor federal channel.

Physical Characteristics

Physical characteristics of dredged material summarized below is based on historical monitoring
and testing of a sample of dredged material collected by the U.S. Army Corps of Engineers
(USACE) from the Federal channel in 2011. Toledo Harbor dredged material is primarily
comprised of fines (a mix of silt and clay), primarily classified as  CH (clay with high plasticity or
fat clay) with a Plastic Index (PI) of over 50 and with a high water retention capacity.
Geotechnical properties of the dredged material sample collected from the Federal channel in
2011 was determined by Hull & Associates, Inc.’s American Association of State Highway and
Transportation Officials (AASHTO) accredited geotechnical/materials testing laboratory.  The
purpose of the geotechnical analysis was to confirm assumptions of the moisture content,
specific gravity, and grain size of the material that were used in the conceptual design. The
geotechnical laboratory test results are attached.

Moisture Content
A moisture content of 146.3% was determined using the oven dry method and a moisture
content of 143.2% was determined using the air dry method. An assumed value of 145% was
used to achieve the relative costs associated with the different placement options.

Specific Gravity
Standard test methods, American Society for Testing and Materials (ASTM) ASTM D
854/AASHTO T100, were used to determine the specific gravity of the sediment to be 2.723.
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Density
The density of the dredged material was determined to be approximately 95 pounds per cubic
foot. The dry unit weight was determined to be approximately 39 pounds per cubic foot. These
assumptions were used to achieve the relative costs associated with the different placement
options.

Particle-Size Distribution
The grain size distribution shows that the sample is approximately 1.4% sand, 20.4 % silt, and
78.1% clay. The diameter corresponding to 100% finer (D100) is 0.6 millimeters and the
diameter corresponding to 60% finer (D60) is 0.002 millimeters. The sediment is classified as a
Fat Clay (CH).

The laboratory testing above was performed on a single sample and should not be considered
representative of the entire Federal channel.  Additional samples and tests should be conducted
to achieve a better understanding of the sediments characteristics and how they will act
according to the selected option and placement methods.

Chemical Characteristics

Traditional contaminants in Toledo Harbor include heavy metals, polycyclic aromatic
hydrocarbons (PAHs), pesticides, and polychlorinated biphenyls (PCBs) (USACE, 2009).
Sediment and water samples from the Lake Approach, River Channel, and open-lake reference
and placement areas were collected by USACE in 2010. Various bulk sediment chemical testing
was completed including inorganic analyses (e.g. heavy metals, total organic carbon, and
inorganic parameters) and organic analyses (e.g. PAHs, PCBs, and pesticides). Elutriate testing
was also completed on sediment samples. Results of the most recent evaluation of Toledo
Harbor sediment with respect to open-lake placement, completed by USACE, is included as an
attachment. This document summarizes sampling and completed in 2010 and the associated
sediment quality evaluation results completed by the USACE. In addition, a summary of the
maximum reportable concentrations of various contaminants of concern detected in 2010 bulk
sediment samples from the River and Lakes channels as well as various sediment quality
guidelines for sediment is provided in the Toledo Harbor Dredge Sediment Preliminary Risk
Evaluation memorandum that is included in Appendix B-2 of the Toledo Harbor Sediment and
Use Plan (THSMUP).
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LAB NO. B12-237

SAMPLE DATE NA

PROJECT TOLEDO HARBOR

PROJ. NO. TPA004

BORING # NA

SAMPLE # DREDGING SCOW

DEPTH
DATE TESTED 3/6/2012

GRAY FAT CLAY

1 2 3

7

58.40
157.66

168.43

7

58.4

75.42
17.02

21.5

2.723

0.9998
2.723

HQP

SM

TEMP, °C RELATIVE DENSITY 
OF WATER

CORRECTION
FACTOR A TEMP, °C RELATIVE DENSITY 

OF WATER
CORRECTION

FACTOR A

18 0.9986244 1.0004 25 0.9970770 0.9989

19 0.9984347 1.0002 26 0.9968156 0.9986

20 0.9982343 1.0000 27 0.9965451 0.9983

21 0.9980233 0.9998 28 0.9962652 0.9980

22 0.9978019 0.9996 29 0.9959761 0.9977

23 0.9975702 0.9993 30 0.9956780 0.9974

24 0.9973286 0.9991

RELATIVE DENSITY OF WATER AND CONVERSION FACTOR k FOR VARIOUS TEMPERATURES

DESCRIPTION/REMARKS

SPECIFIC GRAVITY TEST DATA SHEET
ASTM D 854/AASHTO T100

Date/Tested By

Date/Checked By

Results Approved By

TEST NO.

Temperature of test, T1 °C

G1 (at T1 °C) = W3/(W1 -(W2 - W3))

Correction factor A
G1 (at 20°C) = G1 (at T°C)A

Tare Number

Weight of Tare (g)

Weight of dry soil + Tare (g)
Weight of dry soil , W3 (g)

Volumetric flask no.l

Flask weight (g)
Weight of flask + water filled to mark, W 1 (g)

Weight of flask + soil + water filled to mark, W 2 (g)
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3401 Glendale Avenue, Suite 300  Toledo, Ohio 43614  (419) 385-2018  (419) 385-5487 fax 

 
 Memorandum 
 

 
TO:  John Hull, P.E., Hull & Associates, Inc.  
 
FROM:    Ed Pfau, Hull & Associates, Inc.  
 
DATE:  August 30, 2012  
 
RE:  Toledo Harbor Dredge Sediment Preliminary Risk Evaluation; TPA044.100.0035 
          
  
Dredged sediments from Toledo Harbor have been evaluated with respect to several proposed 

beneficial uses.  The potential beneficial uses of dredged sediments include in-water uses (e.g. 

open-lake placement), near-shore uses (e.g. wetland restoration and shoreline protection), and 

upland uses (e.g. agricultural field improvement, non-structural fill).  The accumulation of 

chemicals in the sediment from sources such as storm run-off, point discharges and 

atmospheric deposition, affects the sediment quality and therefore affects the appropriateness of 

dredged sediment material for a given beneficial use.  Therefore, reported concentrations of 

select chemicals in the sediments may be compared to appropriate sediment screening criteria, 

so that decisions may be made regarding beneficial use options.  

 

Toledo Harbor bulk sediment samples were collected by the U.S. Army Corps of Engineers 

(USACE) from the Lake Approach Channel and River Channel areas in 2010.  These samples 

were analyzed for bulk polycyclic aromatic hydrocarbons (PAHs), total polychlorinated biphenyls 

(PCBs) and inorganics.  Theses sampling results have been summarized in the attached Table 

B-1.  For each analyte, the maximum reported concentration for the 2010 sampling event is 

reported, along with the sampling location at which the maximum concentration was detected.  

Table B-1 also provides seven sets of screening criteria, as available, for some or most of the 

reported analytes.   
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The seven sets of screening criteria include the following:  

 U.S. EPA Regional Screening Levels (RSLs) for industrial soil;  

 RSLs for residential soil;  

 Ohio EPA Voluntary Action Program (VAP) direct contact soil standards for 

commercial/industrial land use;  

 VAP direct contact soil standards for residential land use;  

 Ohio EPA sediment reference values (SRVs);  

 U.S. EPA Region 5 Ecological Screening Levels (ESLs) for sediments; and  

 Threshold Effects Concentrations (TECs) from MacDonald, Ingersoll and Berger (2000).   

 

The SRVs developed by Ohio EPA are “representative background sediment conditions in lotic 

(flowing) water bodies”1.  The sediment reference values are developed on either a statewide 

basis or are specific to the Huron Erie Lake Plain (HELP) eco-region within Ohio.  

Concentrations of any analyte in dredged sediment at or below an SRV are indicative of 

naturally-occurring concentrations and may be considered acceptable for any proposed 

beneficial use.  

 

The RSLs were developed for U.S. EPA and are maintained by the Oak Ridge National 

Laboratory (ORNL)2.  The RSLs for industrial soil and residential soil are two sets of human 

health risk-based concentrations, each based on default assumptions regarding industrial (i.e. 

occupational) and residential direct contact soil exposures (i.e. soil ingestion, dermal contact 

with soil, and inhalation of particulate and volatile emissions from soil to outdoor air).  As their 

name implies, the RSLs are intended as screening levels to determine whether concentrations 

of a chemical in soil require further evaluation in a risk assessment; therefore, the RSLs are 

based on a series of conservative assumptions regarding exposure, toxicity, and target risk (i.e. 

a target excess lifetime cancer risk of 1 x 10-6).  Dredged sediments with concentrations below 

the industrial soil RSLs may be suitable for upland placement at industrial sites. 

 

                                                           
1 Ohio EPA. 2008. Guidance for Conducting Ecological Risk Assessments. Attachment H. Division of 
Emergency and Remedial Response, Columbus, Ohio. .  April 2008.  May be accessed at: 
http://www.epa.state.oh.us/portals/30/rules/RR-031.pdf 
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Dredged sediments with concentrations below the residential soil RSLs may be suitable for 

upland placement at residential sites.  In general, Ohio EPA considers residential soil RSLs to 

adequately encompass human direct contact exposures in most applications3, potentially 

including recreational land use, mixed land use and unrestricted land uses.  It may be assumed 

that agricultural land use falls within the category of land uses encompassed by residential soil 

RSLs.  However, the residential soil RSLs do not incorporate assumptions about human 

consumption and contaminant uptake from soil into food crops, milk and eggs, and livestock; 

therefore, human exposures based on agricultural use of dredged sediments are not specifically 

evaluated by comparison to residential soil RSLs.  Generic screening levels based on 

agricultural use have not been developed by Ohio EPA or U.S. EPA, perhaps attributable to the 

difficulty of generically evaluating contaminant uptake into crop plants, the differential distribution 

of contaminants in the edible and non-edible parts of the plant, and intake rate of produce by 

consumers.  However, the Canadian Council of Ministers of the Environment (CCME) has 

developed agricultural screening levels for soils4; the CCME guidance states that assessment of 

human food consumption is relevant “where consumption of backyard garden food is or is likely 

to be significant”5; the CCME generic scenario assumes that based on an assumption that 50% 

of the meat and produce and 100% of the milk consumed by persons is produced on-site6.  

Thus, the CCME soil quality guidelines for the protection of environmental and human health 

based on agricultural land use may not be relevant for the evaluation of the beneficial use of 

dredged sediments for agricultural field improvements.  

 

The VAP direct contact soil standards were promulgated by Ohio EPA to represent acceptable 

soil concentrations associated with a specific land use (residential, or unrestricted, land use, 

commercial land use or industrial land use requiring an institutional control to restrict the land 

                                                                                                                                                                                           
2 USEPA Regional Screening Levels.  Regularly-updated (most recent updated May 2012) on-line 
recourse available through several EPA regional web pages, including 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/ 
3 Ohio EPA. 2010. Guidance on evaluating sediment contaminant results. Division of Surface Water. pp. 9-
10. January 2010.  
4 Canadian Environmental Quality Guidelines Summary Table, on-line resource of the Canadian Council 
of Ministers of the Environment, available at:  http://st-ts.ccme.ca/ 
5 Canadian Council of Ministers of the Environment. 1999. Guidance manual for developing site-specific 
soil quality remediation objectives for contaminated sites in Canada, p. 23.  Available on line at: 
http://ceqg-rcqe.ccme.ca/ 
6 Ibid., p. 25.  
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use)7.  Similar to the RSLs, the VAP direct contact soil standards for commercial/industrial land 

use and residential land use are two sets of human health risk-based concentrations, each 

based on default assumptions regarding commercial/industrial (i.e. occupational) and residential 

direct contact soil exposures (i.e. soil ingestion, dermal contact with soil, and inhalation of 

particulate and volatile emissions from soil to outdoor air).  The VAP direct contact soil standards 

are based on a series of exposure value distributions that are, in general, somewhat less 

conservative than the U.S. EPA default values, and a target excess lifetime cancer risk of 1 x 10 -

5); therefore the VAP direct contact standards are, on a chemical-specific basis, similar to or 

somewhat higher than the corresponding RSLs.  Furthermore, the VAP direct contact standards 

require that the non-cancer hazards and excess lifetime cancer risks at a property be evaluated 

on the basis of aggregate (i.e. multiple exposure pathway) and cumulative (i.e. multiple 

chemical) exposures.  Therefore, the actual acceptable concentration of a chemical at a VAP 

property may be lower than the direct contact standard, sometimes substantially lower, 

depending upon the number of chemicals of concern and the number and type of exposure 

pathways.   

 

The Region 5 ESLs represent screening concentrations in sediment based on the protection of 

benthic biota8.  The sediment ESLs are based on existing sediment criteria, as available on a 

chemical-specific basis, or specifically derived as sediment ESLs from the final chronic value 

(the FCV from the development of water quality criteria) and equilibrium partitioning for both non-

polar and polar organic compounds.  

 

The TECs represent sediment concentrations considered to be representative of the “absence 

of sediment toxicity”, based upon the geometric mean of six existing sediment quality guidelines 

determined to be appropriate.9   

 

Dredged sediments which meet the sediment screening criteria based on ecological receptors 

may be considered to be acceptable for in-water beneficial use.  As shown in Table B-1, the ESL 

                                                           
7 Ohio Administrative Code 3745-300-08(C)(3).  Generic numerical standards rule.  Effective 03/01/2009.  
May be accessed at: http://www.epa.ohio.gov/portals/30/SABR/docs/Rules/3745-300-08.pdf 
8 U.S. EPA.  Region 5 Ecological Screening Levels. August 22, 2003.  May be accessed at: 
http://epa.gov/region05/waste/cars/pdfs/ecological-screening-levels-200308.pdf 
9 MacDonald, D.D., Ingersoll, C.G., and Berger, T.A. 2000. Development and evaluation of consensus-
based sediment quality guidelines for freshwater ecosystems.  Arch.  Environ. Contam. Toxicol.  39:20-31.  
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and TEC values are generally concordant for those chemicals which have both sediment 

screening criteria.  To alleviate any confusion, Ohio EPA has developed a hierarchy of sediment 

guidelines for ecological receptors, placing the TEC above the ESL for any chemical with both 

criteria, after an initial comparison to the SRVs10.11.  The SRVs, TECs, and ESLs may be used to 

evaluate dredged sediments with respect to proposed near-shore uses (i.e. wetland restoration 

and shoreline protection).  Ohio EPA has stated that “(i)f aquatic life will be exposed to the 

sediment, such as in a contaminated stream, or dredged material to be redistributed in water, 

risk to aquatic life should be taken into account.”12  Additionally, Ohio EPA has defined 

sediments to include “materials within the federal and state jurisdictional boundaries of wetlands” 

and “materials found below the ordinary high water mark of Lake Erie”13. 

 

As shown in Table B-1, maximum reported concentrations from the 2010 sampling of Toledo 

Harbor sediments indicate that of one or more of thirty analytes exceed the SRV, TEC, or 

sediment ESL at sixteen locations.  However, Table B-1 also shows that the exceedance of the 

residential soil RSL for several PAHs (benz[a]anthracene, benzo[a]pyrene, 

benzo[b]fluoranthene, benzo[k]fluoranthene and  indeno[1,2,3-cd]pyrene) is limited to the results 

reported the results reported from the 2010 sampling at RM-4.  Dibenz(a.h)anthracene slightly 

exceeded the residential soil RSL at LM-1.5.  The maximum reported arsenic concentrations 

from the 2010 sampling event (11 mg/kg), while exceeding the residential RSL of 0.39 mg/kg, 

falls at the background concentration represented by the HELP SRV of 11 mg/kg and is 

therefore consistent with naturally-occurring arsenic levels.  Therefore, most Toledo Harbor 

sediments may also be appropriately used for upland uses (e.g. agricultural field improvement, 

non-structural fill), with the exception of sediments dredged from RM-4 and LM-1.5.  Prior to 

implementing an upland beneficial use option for sediments dredged from RM-4 and LM-1.5, 

additional Tier 2 through Tier 4 sediment characterization testing might be necessary to evaluate 

site-specific biological and toxicity testing.   

 

                                                           
10 Ohio Administrative Code 3745-300-08(H)(2).  Generic numerical standards rule.  Effective 03/01/2009. 
 May be accessed at: http://www.epa.ohio.gov/portals/30/SABR/docs/Rules/3745-300-08.pdf 
11 Ohio EPA. 2010. Guidance on evaluating sediment contaminant results. Division of Surface Water. pp. 
9-10. January 2010.  
12 Ibid.  
13 Ohio Administrative Code 3745-300-01(A)(126), effective April 23, 2012.  

B-2-5

http://www.epa.ohio.gov/portals/30/SABR/docs/Rules/3745-300-08.pdf


Memorandum    
TPA044.100.0035 
August 30, 2012 
Page 6 
 

   
The USACE has determined that the sediments at RM-2 are unsuitable for open-lake placement 

and require this material to be placed into Cell 2 of the USACE portion of Facility 3.  The USACE 

has determined that dredged material from all other locations, while some exceed one or more 

screening criteria, are suitable for open-lake placement based on site-specific biological and 

toxicity testing.  
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SVOCs/Bulk PAHs
Acenaphthene 6.8 RM-4 33,000 3,400 56,000 3,500 N/A 0.00671

g N/A
Acenaphthylene 0.3 LM-2.5 N/A N/A 56,000

h
3,500

i N/A 0.00587
g N/A

Anthracene 0.62 RM-6 170,000 17,000 280,000 18,000 N/A 0.0572 0.0572
Benz(a)anthracene 6.5 RM-4

o 2.1 0.15 76 11 N/A 0.108 0.108
Benzo(a)pyrene 10 RM-4 0.21 0.02 7.7 1.1 N/A 0.15 0.15
Benzo(b)fluoranthene 6.6 RM-4 2.1 0.15 77 11 N/A 10.4 N/A
Benzo(g,h,i)perylene 0.54 LM-0.5 NA N/A 28,000

h
1,800

i N/A 0.17
j N/A

Benzo(k)fluoranthene 6.6 RM-4 21 1.5 770 110 N/A 0.24
j N/A

Chrysene 0.41 RM-0.75 210 15 7,600 1,100 N/A 0.166 0.166
Dibenz(a,h)anthracene 0.28 LM-1.5 0.21 0.2 7.7 1.1 N/A 0.033 0.033
Fluoranthene 23

k RM-4 22,000 2,300 37,000 2,400 N/A 0.423 0.423

Fluorene 0.21 RM-0.25 and RM-0.75 22,000 2,300 37,000 2,400 N/A 0.0774 0.0774

Indeno(1,2,3-cd)pyrene 4.6 RM-4 2.1 0.15 77 11 N/A 0.2
j N/A

1-Methylnaphthalene NM NM 53 16 360 360 N/A N/A N/A
2-Methylnaphthalene 0.85 RM-6 2,200 230 3,700

h
1,300

i N/A 0.0202
j N/A

Naphthalene 0.18
k LM-4 18 3.6 150 69 N/A 0.176 0.176

Phenanthrene 6.3 RM-1.0
o N/A N/A 280,000

h
99,000

i N/A 0.204 0.204
Pyrene 16 RM-4 17,000 1,700 28,000 1,800 N/A 0.195 0.195
Total PAHs 107.33 RM-4 N/A N/A N/A N/A N/A N/A 1.61
Total PCBs ND ND 0.74 0.22 18 1.2 N/A 0.0598 0.0598
Metals and Misc.
Aluminum 48,000 LM-2 990,000 770,000 N/A N/A 42,000 N/A N/A
Antimony 0.51 LM-2 410 31 1,200 30 8.4 N/A N/A
Arsenic 11 LM-3.5 and RM 2.0 1.6 0.39 82 6.7 11 9.79 9.79
Barium 190 RM-2 190,000 15,000 370,000 15,000 210 N/A N/A
Beryllium 1.2 RM-2 2,000 160 5,100 150 0.8 N/A N/A
Cadmium 2.5 RM-4 800 70 2,300 72 0.96 0.99 0.99
Calcium

l 97,000 RM-1 N/A N/A N/A N/A 110,000 N/A N/A
Chromium (III)

m 52 RM-2 1,500,000 120,000 1,000,000 110,000 51 43.4 43.4
Cobalt 14 RM-2 300 23 23,000 1,400 12 50

j N/A
Copper 61 RM-4 41,000 3,100 120,000

h
3,000

i 42 31.6 31.6

Residential
Land Use
(mg/kg)

Sediment
Reference

Valued

(mg/kg)

Region 5
Ecological
Screening

Levele (mg/kg)

Threshold Effect
Concentrationf

(mg/kg)Maximum Detected
Concentration

(mg/kg)

Location of Maximum
Detected Concentration

Industrial Soil
(mg/kg)

Residential
Soil (mg/kg)

Commercial and
Industrial Land

Use (mg/kg)

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-1

SUMMARY OF BULK PAHS AND INORGANIC ANALYSES ON TOLEDO HARBOR BULK SEDIMENT SAMPLES
FROM THE FEDERAL NAVIGATION CHANNEL IN 2010 n

Chemical of Concern

2010 Sediment Analysesa Region 9 Soil Regional
Screening Levelb

Ohio Voluntary Action
Programc
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Residential
Land Use
(mg/kg)

Sediment
Reference

Valued

(mg/kg)

Region 5
Ecological
Screening

Levele (mg/kg)

Threshold Effect
Concentrationf

(mg/kg)Maximum Detected
Concentration

(mg/kg)

Location of Maximum
Detected Concentration

Industrial Soil
(mg/kg)

Residential
Soil (mg/kg)

Commercial and
Industrial Land

Use (mg/kg)

TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-1

SUMMARY OF BULK PAHS AND INORGANIC ANALYSES ON TOLEDO HARBOR BULK SEDIMENT SAMPLES
FROM THE FEDERAL NAVIGATION CHANNEL IN 2010 n

Chemical of Concern

2010 Sediment Analysesa Region 9 Soil Regional
Screening Levelb

Ohio Voluntary Action
Programc

Cyanide 2.6 RM-0.25 20,000 47 59,000 1,500 N/A 0.0001
j N/A

Iron 47,000 RM-2 720,000 55,000 N/A N/A 44,000 N/A N/A
Lead 51 RM-4 and LM 13 800 400 1800 400 47 35.8 35.8
Magnesium

l 23,000 RM-6 N/A N/A N/A N/A 29,000 N/A N/A
Manganese 830 LM-3 23,000 1,800 N/A N/A 1,000 N/A N/A
Mercury 0.37 LM-13 43 10 290 7.6 0.12 0.174 0.18
Nickel 48 RM-2 20,000 44,000 44,000 N/A 36 22.7 22.7
Phosphorus 580 LM-0 NA N/A N/A 1,500 N/A N/A N/A
Potassium 5,300 RM-2 NA N/A N/A N/A 1,200 N/A N/A
Selenium 1.2 LM-0.25 and RM-2 5,100 15,000 15,000 380 1.4 N/A N/A
Silver 0.78 RM-4 5,100 15,000 15,000 380 0.4 0.5

j N/A
Sodium 240 LM-1 N/A N/A N/A N/A N/A N/A N/A
Thallium 0.83 LM-0.25 10 230 230 6.1 4.7 NA N/A
Vanadium 55 RM-2 5,200 26,000 26,000 680 40 NA N/A
Zinc 220 RM-2 310,000 880,000 880,000 23,000 190 121 121
Notes:

i.  VAP Program Chemical Information Database and Applicable Regulatory Standards (CIDARS) database for Residential Child Soil Standard

e.  Region 5 RCRA Ecological Screening Levels (ESLs). August 22, 2003. http://epa.gov/region05/waste/cars/pdfs/ecological-screening-levels-200308.pdf. The ESLs represent a protective benchmark (e.g., water quality criteria, sediment quality
guidelines/criteria, and chronic no adverse effect levels) for 223 contaminants (based on the RCRA 40 CFR 264 Appendix IX list of hazardous substances). Sediment ESLs were derived using equilibrium partitioning (EqP) equation and the
corresponding water ESL unless otherwise noted. Note: Sediment ESL = Koc x Water ESL x 0.01.

n.  Only actual measured values are reported for 2010 sediment data.  Values reported as not detected at or above the specified minimum detection limit and estimated values between the minimum detection limit and reporting limit are not
reported.  NM=Not Measured; ND=Not detected at or above the specified minimum detection limit and reporting limit; EV=Estimated value; N/A - Not Applicable

m.  Reported concentrations of total chromium are assumed to represent trivalent chromium; analysis of samples for hexavalent chromium was each reported as non-detected.

j.  ESLs represent concentrations identified by the Ontario Ministry of the Environment in “Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario." August 1993.

a.  2010 USACE sampling included 39 surface grab samples collected from the Lake Approach Channel (LM-0 through LM-13) and River Channel (RM-1 through RM-7).
b.  “Regional Screening Levels (RSL) for Chemical Contaminants at Superfund Sites.” June 2011.

c.   Ohio Administrative Code  3745-300-08(C)(3)
d.  Sediment Reference Values based on Ohio EPA Sediment Reference Values for the Huron Erie Lake Plain Region, http://www.epa.ohio.gov/portals/30/rules/RR-031.pdf#page=70 Attachment H.

f.  ESLs represent consensus-based threshold effect concentrations (TEC) as presented in MacDonald et. al. 2000. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems. Arch Environ Contam
Toxicol 39:20-31 (see Table 2). The TEC represents the concentration below which harmful effects on sediment-dwelling organisms are not expected. These values do not consider bioaccumulation or biomagnification.

o.  Sediments dredged from River Mile 1, River Mile 2, and River Mile 4 were identified as not meeting Federal guidelines for open-lake placement in the latest Sediment Sampling Analysis (USACE, 2012). Total PAHs were identified as sediment
COCs at these sites. All other dredged material was evaluated and determined to be suitable for open-lake placement.

g.  ESLs represent Interim Sediment Quality Assessment Values identified by the Ecosystem Conservation Directorate - Evaluation and Interpretation Branch. Environment Canada. September 1994.

h.   VAP Program Chemical Information Database and Applicable Regulatory Standards (CIDARS) database

k.  Manual integration was used to determine area response.

l.  Not a listed Hazardous Substance.
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE SOLUTIONS  

INITIAL PUBLIC FORUM 
 
Purpose 
A Toledo Harbor sediment management forum was held on Thursday, June 16, 2011 from 1:00 
p.m. - 5:00 p.m. at the Toledo Maritime Center, 1701 Front Street in Toledo’s Marina District.  
Toledo Harbor Dredging Task Force (Task Force) members  shared background information 
and conveyed current challenges associated with sediment management in the Toledo Harbor 
from both economic and environmental perspectives.  The forum was jointly hosted by the Great 
Lakes Commission, Ohio Lake Erie Commission (OLEC), and Toledo-Lucas County Port 
Authority (TLCPA).  
 
Forum attendees had the opportunity to share their ideas for beneficial use of sediment for 
consideration, and potential incorporation into a sediment management strategy for the Toledo 
Harbor that is being developed by the Task Force. Ideas solicited from stakeholders comprise 
four major categories of alternatives including: in-water, nearshore, upland, and product 
manufacture. 
 
The initial public forum provided stakeholders an explanation of the planning process and 
provided an opportunity for the Task Force members to get ideas and input regarding priorities 
from stakeholders.  The input received from stakeholders will guide the Task Force through the 
decision making process in prioritizing and evaluating technical alternatives for inclusion in a 
comprehensive Sediment Management and Use Plan for the Toledo Harbor.  
 
The major objectives of the first public forum were to: 
 

• identify all sediment management and approaches considered to date; 
• identify stakeholder issues and priorities; 
• solicit ideas on alternatives to assist the Task Force in establishing  objective 

criteria that will be used to formulate alternatives that reflect stakeholder issues 
and priorities; and 

• solicit and compile information from the public and agencies concerning potential 
data gaps.  

Notification 
TLCPA and OLEC invited stakeholders to attend the initial public forum via e-mail and by 
phone.  Invitations were targeted to previous process participants and known interested 
stakeholders.  Provided in Attachment A is the invitation sent to Task Force Members, non-
governmental agencies, interested parties, and the media.  Additionally, the local newspaper, 
the Toledo Blade, published a preview article describing this forum, which is attached as 
Attachment B.  
 
Participation 
A diverse group of stakeholders participated in the initial public forum. Stakeholders included 69 
participants, self-identified as either unaffiliated citizens, or representatives affiliated with 
environmental and community organizations, research and academic institutions, the fishing 
industry, government agencies, commissions or local boards, and industry representatives. A 
complete list of participants is provided by Attachment C.   
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Activities 
The initial public forum was open to the public and included a two-hour introduction of the goals 
of this project and a summary of alternatives identified to date, followed by an hour-and-a-half 
long break-out session, and a brief wrap-up of the day’s activities.  A copy of the agenda for the 
initial public forum is provided in Attachment D.  A copy of the presentation made by Task Force 
members during the forum is provided in Attachment E. 
 
49 stakeholders participated in a break-out session to discuss the following major categories of 
sediment management options: in-water, nearshore, upland, and products. Table 1 lists the type 
of alternative and the number of stakeholders who participated in each group.  Forum 
organizers assigned participants to the sediment management option participants identified as 
their first choice when they signed in at the public forum.    
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 1 

 
SEDIMENT MANANGEMENT CATEGORY, TYPE, AND NUMBER OF  

PARTICIPANTS FOR BREAK OUT SESSION GROUPS   
 

Alternative 
Category Alternative Break Out Session Table Number of 

Participants 
Submerged Aquatic Habitat Restoration Unit  5 
Emergent Habitat Restoration Unit 7 In-Water 
Confined Disposal Facility 7 
Wetland Restoration 7 Near-Shore Shoreline Protection 6 
Brownfields, Landfill Caps, and Mine 
Reclamation 6 
Agricultural Improvements 5 Upland 
Inland Monofill   0 

Products 
Manufactured Soil, Asphalt, Concrete, and 
Construction Materials, Structural Fill, and 
Other 

6 

 
Each break out group was coordinated by the project team with a table moderator and note 
taker. Both positions were filled by Task Force members or professional staff who received 
training prior to the session.  The moderators facilitated group discussions and solicited ideas 
from participants that identified specific alternatives and locations that fit under the general 
alternative category.  A project area map was provided to each table and allowed the moderator 
and note taker to verify the general location of spatially grounded alternatives proposed by 
participants.  The moderator marked on the project map any specific locations proposed for 
specific alternatives.  The note takers documented the ideas communicated by the participants 
during the break out session. 
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After the table contributed all of their sediment management and use ideas, each table 
facilitated a group discussion on the following criteria relative to each break out group’s specific 
sediment management option:  
 

1. Human Benefits (e.g. recreation, flood protection, aesthetics, economic 
development) 

2. Ecological Benefits (e.g. improved hydrologic functions, habitat enhancements, 
improved water quality) 

3. Economic Benefits (e.g. revenue generating activity, job creation, cost savings) 
4. Feasibility (e.g. technical, logistical, institutional, constructability) 
5. Implementation Costs (e.g. dredging, transportation, maintenance, monitoring) 
6. Environmental Impacts (e.g. location, construction, post-construction) 

Stakeholders provided significant information exchange regarding ideas and locations for 
sediment management and use options, as well as the importance of certain technical criteria 
associated with specific options. The following sections provide a summary of the discussion 
held by stakeholders at each break out group. 
 
Results of Stakeholder Discussion Held during Break Out Session 
 
Submerged Aquatic Habitat Restoration Unit  
Ideas and locations for submerged aquatic habitat restoration units identified by stakeholders 
are provided by Table 2.  Stakeholder ideas include creating or restoring habitat for fish 
spawning, creating other nearshore and offshore habitat, and constructing the option at 
locations to effect a change in the hydrology (e.g. create and control currents).  Approximate 
locations proposed by stakeholders for construction of submerged aquatic habitat restoration 
units are illustrated on Figure 1.     
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 2 

 
SUBMERGED AQUATIC HABITAT RESTORATION UNIT:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION  
Multi-cell, multi-chamber, multi-tier   
Structure to create/control currents   
Create new fish spawning habitat or 
restore/replicate/enhance existing fish 
spawning habitat 

Locations where there is periodic current to 
clean surface 

Submerged Confined Aquatic Disposal (CAD) North of Maumee Bay State Park off of 
Woodtick Peninsula and Little Cedar Point   

Create near-shore/off-shore habitat    
Create a submerged/semi-upland HRU Predominately submerged location 
River shoreline HRU Create a new metropark 
Shallow water/bay area HRU Near causeway/fishing pier 
Note: Table only provides specific locations for submerged aquatic habitat restoration units identified by 

stakeholders. 
 
Stakeholders identified and discussed the specific technical criteria they believe are important to 
the Task Force’s technical evaluation of the option.  Table 3 provides the technical criteria 
identified by stakeholders for the Task Force to consider as part of the submerged aquatic 
habitat restoration unit option technical evaluation.  The technical criteria identified by 
stakeholders include ecological benefits through the elimination of open lake disposal,  
improved habitat and ecological functions, economic benefits through construction and fish 
habitat creation, and increased recreation activities (e.g. increased spawning habitat will 
positively affect fishing industry), potential short-term environmental impacts during 
construction, and threats to navigational safety.  
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 3 

 
SUBMERGED AQUATIC HABITAT RESTORATION UNIT: STAKEHOLDER IDENTIFICATION OF 

IMPORTANT TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 
 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic Functions Will be changed, but unknown if improvement will be shown 
x Habitat Enhancements Current changes are important for fish habitats 
x Improved Water Quality   
 Diversification of Harbor   

Ecological 
Benefits 

 Habitat Restoration   
x Technical   
x Logistical   
x Institutional   
x Constructability   
 Depth of Water   

Feasibility 

 Research Advancements   
x Recreation Increase fish population for fishing and hunting (waterfowl); birding 
 Flood protection  
x Aesthetics Could improve if combined with emergent HRU 
x Economic Development increased recreational activity 
x Navigational Safety potential water hazard 
 Tourism   

Human Benefits 

 Site Safety   
x Revenue Generating Activity Could increase from additional recreational activity 
x Job Creation Construction of  habitats; indirectly through increased recreational activity 
x Cost Savings long-term potential; only handling once eliminates open lake disposal 
 Recreation  
 Tourism  
 Boating  

Economic 
Benefits 

 Land Value Improvement  
x Location Loss of existing habitat (mayflies) 
x Construction Short-term impacts 
x Post-Construction  
 Spawning Area  
x Invasive Species  

Environmental 
Impacts 

x Mobilization of Contaminants i.e. mercury methylation  
 Dredging  
 Transportation  
 Maintenance  
 Monitoring  
 Ownership  
x Design/Research/Studying  
x Public Relations/Marketing  
x Programmatic Modification/ 

Legislative Need time to modify 
 Material Handling  

Implementation 
Costs 

 Characterization  
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Emergent Habitat Restoration Unit 
A summary of ideas and locations for emergent habitat restoration units identified by 
stakeholders during the break out session is provided by Table 4.  Ideas presented by 
stakeholders include constructing an emergent habitat restoration unit near the Toledo Harbor 
Lighthouse, Grassy Island, and in channel shallows, as well as creating short-term floating 
islands.  Approximate locations proposed by stakeholders for construction of emergent habitat 
restoration units are illustrated on Figure 2.     
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 4 

 
EMERGENT HABITAT RESTORATION UNIT:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION 

Emergent habitat restoration unit construction 
Locations identified include: 

- 500 feet from Toledo Harbor Lighthouse 
(area having a water depth of 
approximately 22 feet 

- Woodtick Peninsula 
Enhancement of wildlife area Island 18  (Grassy Island) 
Sidecast channel HRUs (islands) shaped for 
fish habitat Channel shallows 
Floating islands (short-term)   
Note: Table only provides specific locations for emergent habitat restoration units identified by 

stakeholders. 
 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of the emergent habitat 
restoration unit option.  Table 5 provides the technical criteria identified by stakeholders for this 
option, which include ecological benefits through the elimination of open lake disposal, improved 
habitat and ecological functions, economic benefits through construction and fish habitat 
creation, and increased economic benefits through tourism.   
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 5 

 
EMERGENT HABITAT RESTORATION UNIT: STAKEHOLDER IDENTIFICATION OF 

IMPORTANT TECHNICAL CRITERIA FOR EVALUATION OF ALTERNATIVE  
 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic Functions Redirect or direct flow of bay 
x Habitat Enhancements Bird sanctuary; Island 18 needs work for wildlife areas 
x Improved Water Quality Not open lake dumping 
x Diversification of Harbor Island shaping for fish habitats 

Ecological 
Benefits 

  Habitat Restoration   
x Technical   
x Logistical Go with what we have now, short-term and long-term 
x Institutional ex. Spawning timeline/window 
x Constructability   
x Depth of Water Creates more capacity 

Feasibility 

x Research Advancements Geotube and innovative technology 
x Recreation Woodtick Peninsula  
x Flood protection Woodtick Peninsula  
x Aesthetics   
  Economic Development Specifically designed spawning grounds; upwards of ten percent of income in 

Lucas county is from boating and fishing 
x Navigational Safety Safe harbor 
x Tourism   

Human Benefits 

  Site Safety   
x Revenue Generating Activity Increased economic benefits (tourism etc.) 
x Job Creation Seasonal 
x Cost Savings Toledo lighthouse society has 50 very active members and over 500 members; 

volunteers 
x Recreation   
x Tourism   
x Boating Light House (existing) 

Economic 
Benefits 

  Land Value Improvement   
x Location Material on barges; Nearby bottom placement vs. on land 
x Construction   
  Post-Construction   
x Spawning Area Reduction (minimization) 
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
x Dredging   
x Transportation   
x Maintenance   
x Monitoring   
x Ownership ex. Corp, Harbor, State 
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification/ 

Legislative   
  Material Handling   

Implementation 
Costs 

  Characterization   
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Confined Disposal Facility 
A summary of the ideas and locations for a confined disposal facility sediment management 
option presented by stakeholders is provided by Table 6. Figure 3 illustrates each specific 
potential location identified by stakeholders that include the creation of a new confined disposal 
facility or the expansion of an existing confined disposal facility.   
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 6 

 
CONFINED DISPOSAL FACILITY:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION 
Construct to minimize dike erosion from wave 
action on shoreline to prevent need to 
reconstruct dike 

Adjacent to the channel as an extension of 
Grassy Island (Island 18)  

Create wetlands adjacent to Grassy Island 
(Island 18) Portion of Grassy Island (Island 18) 
Installation of culverts in Causeway so water 
can pass trough it Causeway near Grassy Island 
Construct barrier hummocks or a small barrier 
island shaped like a small cigar to prevent 
wave action and allow the re-establishment of  
1200 acres of wetlands 

North Maumee Bay (Nature Conservancy 
Marsh Restoration Area in Michigan) 

Vertical and horizontal expansion of existing 
confined disposal facilities 

Locations identified include: 
- Grassy Island (Island 18) 
- Confined Disposal Facility 3 
- Bayshore Power Plant  

Note: Table only provides specific locations for a confined disposal facility option identified by 
stakeholders. 

 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of the confined disposal facility 
option.  Table 7 provides the technical criteria identified by stakeholders for this option, which 
include habitat creation, job creation, potential for environmental impacts from dewatering, and 
economic benefits as a result of construction activities and tourism opportunities.   
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 

TABLE 7 
 

CONFINED DISPOSAL FACILITY: STAKEHOLDER IDENTIFICATION OF IMPORTANT TECHNICAL CRITERIA 
FOR ALTERNATIVE EVALUATION 

 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

  Improved Hydrologic Functions   
x Habitat Enhancements Long term: rock structures, possible hunting, no more islands, hummocks, 

bird habitats, snakes, nesting, vegetation regrowth 
x Improved Water Quality Protection of shoreline erosion; prevent sediment loading into lake 
  Diversification of Harbor   

Ecological 
Benefits 

  Habitat Restoration   
x Technical No more loss of bottom lands; goal is limiting number of CDFs 
x Logistical   
x Institutional Environmental impact statement may be required 
x Constructability Full cost accounting/life of project cost 
  Depth of Water   

Feasibility 

  Research Advancements   
x Recreation Nature trails through CDF; biking trails etc. 
  Flood protection Wave protection 
x Aesthetics May not have to raise seawall 
x Economic Development Boating traffic; once dredging is complete can host events; possible boom 

for small business, companies convert material from CDF 
  Navigational Safety Safe harbor is a big issue 
  Tourism   

Human Benefits 

  Site Safety   
x Revenue Generating Activity Boating; recreation/eco-tourism, related retail 
x Job Creation Jobs related to construction and economic spin-off 
x Cost Savings Relative cost to other solutions is unknown 
  Recreation   
  Tourism   
  Boating   

Economic 
Benefits 

  Land Value Improvement   
x Location  
x Construction   
x Post-Construction Operational impact from decant water; post-closure may pose pH issues 
  Spawning Area   
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
x Dredging Reduce dredging cost via other methods (i.e. passive collective systems) 
x Transportation Maybe tow to site; closer to the channel, the better; could pump into CDF 
x Maintenance   
x Monitoring Discharge water quality; TMDL, Regulatory 

Ownership 
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification   
  Material Handling   

Implementation 
Costs 

  Characterization   
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Wetland Restoration 
A summary of the ideas and locations for wetland restoration proposed by stakeholders is 
provided by Table 8.  Figure 4 illustrates specific potential locations identified by stakeholders 
for wetland restoration options.   
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 8 

 
WETLAND RESTORATION:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION 
Create/ restore wetlands Locations including: 

- Maumee Bay State Park 
- Cedar Point National Wildlife Refuge 

Maumee Bay State Park 
- North Maumee Bay 
- Private landowners and industry  
- property located adjacent to Maumee 

Bay/Lake Erie, Maumee River 
- Maumee River islands located upstream 

of shipping channel 
- Maumee Bay islands in North Maumee 

Bay 
- Woodtick Peninsula in Michigan  
- Private duck clubs in the Western Lake 

Erie Basin 
Expand existing dikes Cullen Park 
Near streams and outfalls Maumee Bay 
Near areas of quarry reclamation Northwest Ohio 
Wetland mitigation projects Northwest Ohio 
In conjunction with floodplain berms to control 
flooding Upstream in watershed such as Findlay, Ohio 
Note: Table only provides specific locations wetland restoration options identified by stakeholders. 
 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of wetland restoration options.  
Table 9 provides the technical criteria identified by stakeholders for this option, which include 
habitat creation, job creation, potential for environmental impacts during construction from 
dewatering, and economic benefits as a result of construction activities and tourism 
opportunities.   
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 9 

 
WETLAND RESTORATION: STAKEHOLDER IDENTIFICATION OF IMPORTANT 

TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 
 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic Functions Water exchange between wetlands and lake 
x Habitat Enhancements Fish and other wildlife 
x Improved Water Quality All types will help 
  Diversification of Harbor   

Ecological 
Benefits 

  Habitat Restoration   
x Technical   
x Logistical   
  Institutional   
x Constructability Fine sediments - solid amendments 
  Depth of Water   

Feasibility 

  Research Advancements   
x Recreation Birding, hunting, fishing 
x Flood protection Floodplain berm construction 
x Aesthetics Water quality 
x Economic Development Eco-tourism 
x Navigational Safety Keeping channel open 
  Tourism   

Human Benefits 

  Site Safety   
x Revenue Generating 

Activity Eco-tourism 
x Job Creation Construction and eco-tourism 
x Cost Savings Reduce dredging sometime down the road 
  Recreation   
  Tourism   
  Boating   

Economic 
Benefits 

  Land Value Improvement   
x Location Could take bottom lake bottom lands from 
x Construction Slight runoff 
  Post-Construction   
  Spawning Area   
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
  Dredging   
x Transportation Could be high if far inland 
x Maintenance minimal 
x Monitoring 5-10 years 
  Ownership   
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification/ 

Legislative   
  Material Handling   

Implementation 
Costs 

  Characterization   
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Shoreline Protection 
A summary of the ideas and locations for shoreline protection proposed by stakeholders is 
provided by Table 10.  Figure 5 illustrates specific potential locations identified by stakeholders 
for shoreline protection options.   

 
TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 10 

 
SHORELINE PROTECTION:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION 

Improve/protect wetlands and protect 
ecological integrity by extending shoreline out 
into lake 

Locations identified include: 
- Maumee Bay State Park 
- Ottawa National Wildlife Refuge 
- Cedar Point National Wildlife Refuge 

Aid navigation safety as part of U.S. Coast 
Guard (USCG) Western Lake Erie Area 
Committee effort  

Western Lake Erie 
Shoreline protection/erosion control Bay Shore 
Protection and construction of barrier islands 

Locations identified include: 
- Ottawa National Wildlife Refuge 
- Cedar Point National Wildlife Refuge 

Shoreline creation and protection as part of a 
wind turbine project Bay Shore 
Seawall reinforcement West Harbor Bay 
Note: Table only provides specific locations shoreline protection options identified by stakeholders. 
 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of shoreline protection options.  
Table 11 provides the technical criteria identified by stakeholders for this option, which include 
ecological benefits through improved hydrologic functions, water quality, and habitat 
enhancements.  Stakeholders generally viewed the option to be technically feasible and will 
provide human and economic benefits.  
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 11 

 
SHORELINE PROTECTION: STAKEHOLDER IDENTIFICATION OF IMPORTANT 

TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 
 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic 
Functions   

x Habitat Enhancements   
x Improved Water Quality   
  Diversification of Harbor   

Ecological 
Benefits 

  Habitat Restoration   
x Technical Unknown for USCG Western Lake Erie effort, all other ideas seen as beneficial 
x Logistical No logistical benefit seen for Maumee Bay State Park, barrier islands, or for 

Ottawa National Wildlife Refuge 
x Institutional   
x Constructability   
  Depth of Water   

Feasibility 

  Research Advancements   
x Recreation   
x Flood protection   
x Aesthetics   
x Economic Development   
x Navigational Safety   
  Tourism   

Human Benefits 

  Site Safety   
x Revenue Generating 

Activity   
  Job Creation   
x Cost Savings   
  Recreation   
  Tourism   
  Boating   

Economic 
Benefits 

  Land Value Improvement   
x Location Unknown for Western Lake Erie and Woodtick Peninsula barrier islands 
x Construction   
x Post-Construction   
  Spawning Area   
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
x Dredging Unknown for Western Lake Erie and Woodtick Peninsula barrier islands 
x Transportation   
x Maintenance   
x Monitoring   
  Ownership   
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification/ 

Legislative   
  Material Handling   

Implementation 
Costs 

  Characterization   
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Brownfields, Landfill Caps, and Mine Reclamation 
A summary of ideas and locations for brownfields, landfill caps, and mine reclamation identified 
and discussed by the break out session group is provided by Table 12.  Figure 6 illustrates 
potential locations identified by stakeholders for a brownfield, landfill cap, or mine reclamation 
option.   
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 12 

 
BROWNFIELDS, LANDFILL CAPS, AND MINE RECLAMATION:  
STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 

 
IDEA/CONCEPT LOCATION 

Quarry reclamation 
Locations identified include: 

- Kelley's Island Quarry 
- Wagner Quarry in the Village of Castalia

Mine reclamation 
Locations identified include: 

- Sandusky County  
- Wood County 

Establish program in Ohio similar to 
Pennsylvania  
Brownfield cover Jeep plant in Toledo, Ohio 
Landfill cap and improvements King Road Landfill in Sylvania, Ohio 
Use material from existing confined disposal 
facilities as source 

Any brownfield, landfill cap, or mine reclamation 
option 

Utilize rail transport of large volumes Greater than 200 miles 
  
  
Note: Table only provides locations specifically identified by stakeholders for brownfield, landfill cap, or 

mine reclamation options. 
 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of brownfield, landfill cap, and 
mine reclamation options.  Table 13 provides the technical criteria identified by stakeholders for 
this option, which include ecological benefits through habitat restoration, human benefits by 
improving the conditions of contaminated properties, and economic benefits through re-use of 
material currently placed in confined disposal facilities. Stakeholders identified the need to 
develop a monitoring program that includes guidance regarding screening criteria and sampling 
procedures.     
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 13 

 
BROWNFIELDS, LANDFILL CAPS, AND MINE RECLAMATION:  

STAKEHOLDER IDENTIFICATION OF IMPORTANT TECHNICAL CRITERIA FOR 
ALTERNATIVE EVALUATION 

 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic 
Functions   

x Habitat Enhancements Habitat Restoration-converting unusable to usable 
x Improved Water Quality   
  Diversification of Harbor   

Ecological 
Benefits 

  Habitat Restoration   
x Technical   
x Logistical   
x Institutional Timing is an important aspect 
x Constructability   
  Depth of Water   

Feasibility 

x Research Advancements   
x Recreation   
x Flood protection   
x Aesthetics   
x Economic Development   
  Navigational Safety Not very relevant 
  Tourism   

Human Benefits 

x Site Safety Improving the safe human use of disposal sites 
x Revenue Generating 

Activity   
x Job Creation   
x Cost Savings Use material in CDF as source 
  Recreation   
  Tourism   
  Boating   

Economic 
Benefits 

x Land Value Improvement   

x Location 
Reclaim Kelley's Island Quarry - 8 million cubic yards 
Wagner Quarry reclamation: Village of Castalia 
Sandusky and Wood county mine reclamations 

x Construction   
x Post-Construction   
  Spawning Area   
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
x Dredging   
x Transportation Utilize rail transports of large volumes (200+ miles) 
x Maintenance   
x Monitoring Develop screening criteria and guidance 

Develop in-situ sampling and guidance 
  Ownership   
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification/ 

Legislative   
x Material Handling   

Implementation 
Costs 

x Characterization   
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Agricultural Improvements 
A summary of ideas and locations for agricultural improvement options identified and discussed 
by the break out session group is provided by Table 14.  Figure 7 illustrates potential locations 
identified by stakeholders for agricultural improvement options.   
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 14 

 
AGRICULTURAL IMPROVEMENTS:  

STAKEHOLDER IDENTIFICATION OF IDEAS AND LOCATIONS 
 

IDEA/CONCEPT LOCATION 
Blend sediment with other materials (e.g. 
sandy loam, sewage sludge, and/or lime) for 
agriculture use 

  
Pump slurry to fields, then allow to dewater to 
result in approximately 1 in. of topsoil to 
manage runoff-berms etc. (e.g. Fox River in 
Green Bay Wisconsin) 

City of Oregon and Jerusalem Township 

Create inland soil stockpiles   
Truck materials to field  
Mortality composting and berm, dike, or 
bedding creation Farmland 
Implementation of phosphorus mining  Acreage owned by innovative farmers/ 

landowners 
Island enlargement Cedar Point National Wildlife Refuge 
Quarry Fill Marblehead Quarry 
Note: Table only provides locations specifically identified by stakeholders for agricultural improvement 

options. 
 
Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of agricultural improvement 
options.  Table 15 provides the technical criteria identified by stakeholders for this option, which 
include ecological benefits through improved hydrologic functions and habitat enhancements, 
human and economic benefits by providing additional bedding to farms.  Stakeholders noted 
that this option will be dependent on the willingness of farmers and property owners to 
implementation this option on their property.  Stakeholders also noted that material handling will 
need considered since the dredged material may be supplemented with lime, sludge, or other 
materials to make it a useful agricultural product. 
.   
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TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 15 

 
AGRICULTURAL IMPROVEMENTS:  STAKEHOLDER IDENTIFICATION OF IMPORTANT 

TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 
 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

x Improved Hydrologic Functions Berms to manage runoff, "phosphorus mining" 
x Habitat Enhancements Marblehead Quarry fill 
 Improved Water Quality   
 Diversification of Harbor   

Ecological 
Benefits 

 Habitat Restoration   
 Technical   
 Logistical   
 Institutional   
 Constructability   
 Depth of Water   

Feasibility 

 Research Advancements   
x Recreation Cedar Point island enlargement 
 Flood protection   
 Aesthetics   
x Economic Development Potential bedding for farms 
 Navigational Safety   
 Tourism   

Human Benefits 

 Site Safety   
 Revenue Generating Activity   
 Job Creation   
x Cost Savings Inland soil stockpiles 
 Recreation   
 Tourism   
 Boating   

Economic 
Benefits 

 Land Value Improvement   
 Location   
 Construction   
 Post-Construction   
 Spawning Area   
 Invasive Species   

Environmental 
Impacts 

 Mobilization of Contaminants   
 Dredging   
x Transportation Cost will be limiting factor (trucking materials to field) 
 Maintenance   
 Monitoring   
x Ownership Find acreage and willing land owners 
x Design/Research/Studying Meets city specifications 
 Public Relations/Marketing   
 Programmatic Modification/ 

Legislative   
x Material Handling Lime, sludge 

Implementation 
Costs 

 Characterization   
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Manufactured Soil, Asphalt, Concrete, Construction Materials, Structural Fill, and Other 
A summary of ideas and locations for manufactured soil, asphalt, concrete, construction 
materials, structural fill, and other options identified and discussed by the break out session 
group is provided by Table 16. Ideas and locations for manufactured soil, asphalt, concrete, 
construction materials, structural fill, and other options identified by stakeholders are provided 
by Table 16.  Stakeholder ideas include creating a variety of products including manufactured 
soil, construction materials, and remediation materials. Approximate locations proposed by 
stakeholders or manufactured soil, asphalt, concrete, construction materials, structural fill, and 
other options are illustrated on Figure 8.    
 

TOLEDO HARBOR SEDIMENT MANAGEMENT  
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 16 

 
MANUFACTURED SOIL, ASPHALT, CONCRETE, CONSTRUCTION MATERIALS, 

STRUCTURAL FILL, AND OTHER:  STAKEHOLDER IDENTIFICATION OF  
IDEAS AND LOCATIONS 

 
IDEA/CONCEPT LOCATION 

Blend with other materials for manufactured 
topsoil (e.g. S & L Fertilizer) 

Confined Disposal Facility 3 and other 
properties 

Intercept sediment before reaches shipping 
channel, and separate sand fraction, dewater 
and use flocculation technology to assist with 
removing certain nutrients from water (e.g. 
Streamside)  

Upstream of shipping channel 

Create a spent lime mixture by blending with 
cement kiln dust (CKD) for a variety of 
applications including agricultural 
improvements and high pH of CKD will 
immobilize most metals 

 LaFarge in Alpena, Michigan has a large 
volume of CKD available, but transportation 
costs will need considered. 

Create bulk or bagged material to be used as 
topsoil, landscape material, or other 
agricultural applications by mixing with 
manure, biosolids, and/or compost 

Create a regional stockpile near the federal 
channel that operates like a co-op where 
people can get bagged or bulk nutrient-rich soil 

Create bricks, but organic content of material 
may be prohibitive Confined Disposal Facility 3 
Mix with other materials to create a 
remediation product (e.g. brownfield 
reclamation, treating livestock/poultry farms) 

  
Process the material so it meets specific 
geotechnical specifications for use in the 
construction industry (e.g. Ohio Department 
of Transportation projects)  

 

Fill for basements from demolished houses  Locations near shipping channel 
Construction of recreational structures (e.g. 
ski/sledding hills, other landscape features) Parks 
Note: Table only provides locations specifically identified by stakeholders for manufactured soil, asphalt, 

concrete, construction materials, structural fill, and other options. 
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Stakeholders identified and discussed the specific technical criteria they believe merit the 
consideration of the Task Force during the technical evaluation of agricultural improvement 
options.  Table 17 provides the technical criteria identified by stakeholders for this option, which 
include ecological benefits through improved hydrologic functions and habitat enhancements, 
human benefits by creating recreational opportunities such as ski and sled hills, economic 
benefits by creating manufacturing job opportunities and by creating a product that could create 
revenue.  
 

TOLEDO HARBOR SEDIMENT MANAGEMENT 
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 17 

 
MANUFACTURED SOIL, ASPHALT, CONCRETE, CONSTRUCTION MATERIALS, 

STRUCTURAL FILL, AND OTHER: STAKEHOLDER IDENTIFICATION OF IMPORTANT 
TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 

 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

  Improved Hydrologic Functions   
x Habitat Enhancements   
  Improved Water Quality   
  Diversification of Harbor   

Ecological 
Benefits 

  Habitat Restoration   
  Technical Need to be supplemented to meet engineering specs (e.g. ODOT) 
  Logistical   
  Institutional   
  Constructability   
  Depth of Water   

Feasibility 

  Research Advancements   
x Recreation Ski hill, parks 
x Flood protection Erosion protection 
x Aesthetics Odor, landscaping applications 
x Economic Development Lafarge, sand separation 
  Navigational Safety   
  Tourism   

Human Benefits 

  Site Safety   
x Revenue Generating Activity Bagging would be most profitable, treating as a commodity instead of a waste 

material, break even costs would be great 
x Job Creation Potential for job creation through transportation, processing 
  Cost Savings Structural flow fill (pump in trench and fill with material to encase pipes), ODOT 
  Recreation   
  Tourism   
  Boating   

Economic 
Benefits 

  Land Value Improvement   
  Location   
  Construction   
  Post-Construction   
  Spawning Area   
  Invasive Species   

Environmental 
Impacts 

  Mobilization of Contaminants   
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TOLEDO HARBOR SEDIMENT MANAGEMENT 
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
TABLE 17 (cont.) 

 
MANUFACTURED SOIL, ASPHALT, CONCRETE, CONSTRUCTION MATERIALS, 

STRUCTURAL FILL, AND OTHER: STAKEHOLDER IDENTIFICATION OF IMPORTANT 
TECHNICAL CRITERIA FOR ALTERNATIVE EVALUATION 

 

CATEGORY 
TECHNICAL CRITERIA 

(“x” indicates technical criteria identified 
as important to evaluate alternative) 

STAKEHOLDER COMMENTS 

  Dredging   
x Transportation Transportation costs, need to market as a commodity, not a waste 
  Maintenance   
x Monitoring Costs for monitoring to determine if safe to use, need to evaluate risk pathway, 

multi-agency permitting expense/due diligence/timing/for new idea 
  Ownership   
  Design/Research/Studying   
  Public Relations/Marketing   
  Programmatic Modification/ 

Legislative   
  Material Handling   

Implementation 
Costs 

  Characterization   
 

 
Summary of Observations 
 
Ideas suggested by stakeholders for inclusion in the Plan include: 

• Habitat protection, creation, restoration  
• Wetland creation and restoration 
• Brownfield reclamation 
• Engineered uses such as expansion of exiting dikes, berm construction, flood 

control, concurrent control, barrier islands 
• Quarry and mine reclamation 
• Product development such as soil supplements, bricks, construction materials 
• Agricultural creation and enhancements 
• Recreational uses such as ski and sledding hills 

 
Figure 9 provides a graph that the results of the stakeholders’ prioritization of technical criteria in 
identifying sediment management options.  In general, the graph illustrates that a dominant 
priority for specific criteria has not been identified by stakeholders.  The graph illustrates that all 
criteria are generally weighted equally by the stakeholders.   
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TOLEDO HARBOR SEDIMENT MANAGEMENT 
AND USE SOLUTIONS INITIAL PUBLIC FORUM 

 
FIGURE 9 

 
PUBLIC FORUM PRIORITIZATION OF TECHNICAL CRITERIA  
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Observations regarding stakeholder involvement at the initial public forum include the following:  
 

• Significant information exchange between stakeholders and organizers was 
accomplished. 

 
• Thoughtful discussions of the key management options and their challenges, 

including some convergence on which management approach might work best. 
  

• Small group break out sessions allowed discussion of ideas and criteria prioritization 
related to specific sediment management options.  

 
• Participation in a forum was highest for governmental agencies and lowest for 

unaffiliated private citizens. 
 

• Ideas suggested by stakeholders for inclusion in the Plan include habitat and wetland 
protection, creation, restoration; brownfield reclamation; engineered uses; quarry and 
mine reclamation; product development; agricultural enhancements; and recreational 
uses. 
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• Results of the stakeholders’ prioritization of technical criteria to be used in 
evaluating sediment management options indicate that no criteria is dominant 
over other criteria evaluated. 

 
Next Steps 
A copy of this report will be hosted on the Ohio Lake Erie Commission’s website, along with 
materials that were presented at the forum. This interim report will be incorporated into the Final 
Sediment Management and Use Plan for the Toledo Harbor.  Based on the information gained 
from this forum, the Task Force will develop mandatory criteria (e.g. cost, capacity, feasibility, 
schedule, habitat, regulatory, etc.) and balancing criteria (location, end-use, etc.) to be used in 
the evaluation of the various options/alternatives on the ranking of preferred alternatives, or 
combinations of alternatives, as appropriate.  These criteria will be assigned raw scoring and 
weighting factors, which will allow the alternatives to be ranked so that a consensus can be 
reached from the Task Force, as a group.    
 
A second public forum will be held to present the draft criteria and measurable units for each 
criterion to the public and solicit input.  The proposed objectives of the second forum are: 
 

• solicit comment and stakeholder input on the proposed draft options; 
• report on the process to include technical alternatives initially discussed at the 

Forum #1 and subsequently used to rank technical factors identified during the 
study; and 

• obtain input to modify the methodology as appropriate prior to finalizing the 
prioritization. 
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18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Also can be placed near existing spawning habitats.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.

Legend
Potential Locations for
Sediment Management Options 

C-25



Lake Erie

Oregon

Toledo

Harbor
View

Maumee
Bay State Park

Maumee River

Mile 0

Lake Mile 18

Lake Mile 11

River Mile 7 

River Mile 1

River Mile 3

8

18

17

75

280

24

24

2

125

184

120

125
Wy

nn
 R

d

Open-Lake
Placement Area

Produced using ArcGIS 10.0 SP1

Emergent Habitat Restoration
Unit (HRU) - Proposed Locations

Toledo Harbor Sediment Management and
Use Solutions Public Forum # 1 

Toledo, Lucas County, Ohio

2
Figure

August 2011

3401 Glendale Avenue
Suite 300
Toledo, Ohio 43614

Phone: (419) 385-2018
Fax:      (419) 385-5487
www.hullinc.com

© 2011, Hull & Associates, Inc.

  
File Name:   TPA044_04_Fig02_SedMngmt.mxdGeodatabase: TPA044.mdb

0 4,000 8,0002,000
Feet

1:96,000

Edited: 8/19/2011   By: jslifer

Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
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Note:
Locations are approximate.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Private duck clubs and upsteam watershed (City of Findlay) not shown on map.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
West Harbor Bay seawall reinforcement not shown on map.  33 miles eash of channel.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Kelley’s Island Quarry Reclamation, Wagner Quarry in Village of Castalia,
Mine Reclamation in Sandusky and Wood Counties, and King Road Landfill
not shown on map.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Marblehead Quarry not shown on map.
Make use of inland soil stockpiles.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Potential Locations for Sediment Management Options
1.  Bayshore Power Plant
2.  Bayshore
3.  Causeway (Shallow Water/Bay Area)
4.  Cedar Point National Wildlife Refuge (Barrier Islands)
5.  Confined Disposal Facility 3
6.  Cullen Park
7.  Erie Marsh Preserve
8.  Island 18 (Grassy Island)
9.  Jeep Property
10.  Jerusalem Township
11.  Maumee Bay State Park
12.  Maumee River
13.  North Maumee Bay
14.  Northwest Ohio
15.  Ottawa National Wildlife Refuge
16.  S & L Fertilizer
17.  Shallow Channels (HRU Islands)
18.  Toledo Harbor Lighthouse
19.  United States Coast Guard Navigation Aids (Western Lake Erie)
20.  Wind Turbine
21.  Woodtick Penninsula (Barrier Islands)

Note:
Locations are approximate.
Source:
Aerial acquired from the ESRI imagery web service.  Aerial dated 1/15/1999.
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Forum presented by:   
 

 
 

This effort is funded in part through a  
Great Lakes Restoration Initiative Grant through U.S. EPA. 

Toledo Harbor Sediment Management and Use Solutions:  
Technology Development, Project Identification, Prioritization & Implementation 

Public Forum #1 
 

Thursday, June 16, 2011  
1:00 p.m. - 5:00 p.m.  

Toledo Maritime Center, 1701 Front Street, Toledo, Ohio 43605 
 

Introduction 
Please join us in a public forum to discuss sediment management and use solutions for the Toledo 
Harbor.  The Great Lakes Commission, Ohio Lake Erie Commission, Toledo-Lucas County Port 
Authority, and other members of the Toledo Harbor Long-Term Dredge Management Task Force are 
identifying and evaluating sustainable practices to manage dredged material from the Toledo Harbor in 
an economically sound and environmentally acceptable manner. This forum will bring together a 
diverse set of stakeholders to identify potential sediment management and use solutions that are 
essential to the short and long-term viability of the Toledo Harbor.  At this forum and future events 
planned this year, we want to hear your ideas, issues, and concerns, and solicit your help in 
determining priorities for evaluation of technical alternatives to create a comprehensive sediment 
management and use strategy for the Toledo Harbor dredge material program.   
 
Background 
Finding solutions for sediment management in the Toledo Harbor is imperative.  The Port of Toledo is 
the most heavily dredged port in the Great Lakes with the annual removal of approximately one million 
cubic yards of sediment from the federal and non-federal channels located in the lower seven miles of 
the Maumee River and the approach channel that extends 19 miles in Maumee Bay.  The Port of 
Toledo is critical to the economic viability of Northwest Ohio, providing commerce to the entire Great 
Lakes region and facilitating international commerce and commodity transportation through the St. 
Lawrence Seaway by annually handling approximately 11 million tons of cargo.  
  
Purpose 
Sediment dredged from the Toledo Harbor is currently managed by a combination of open lake 
disposal and placement into confined disposal facilities - with a minor portion of dredged material being 
beneficially used.  Due to environmental impacts resulting from the significant re-suspension of 
sediment in the shallow western basin of Lake Erie, Ohio EPA has limited future open lake disposal of 
dredged sediments.  While reductions in erosion and sediment loads in the watershed are recognized 
components of a good long-term management strategy, at this forum, we will focus on approaches to 
manage dredged material, including: 
 

• exploring sediment use for product 
manufacturing 

• nearshore improvements  
• upland/farmland placement  

• strip mine reclamation  
• in-water habitat restoration units 
• others   

 
We hope you can join us! 

There is no charge for this event, but an RSVP is required.   
Please complete the attached RSVP form and email the form to lakeeriecommission@ameritech.net. 

 
Visit www.toledoseaport.org for more information and the forum agenda. 
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Forum presented by:   
 

 
 

This effort is funded in part through a  
Great Lakes Restoration Initiative Grant through U.S. EPA. 

RSVP 
Toledo Harbor Sediment Management and Use Solutions:  

Technology Development, Project Identification, Prioritization & Implementation 
Public Forum #1 

 
Thursday, June 16, 2011  

1:00 p.m. - 5:00 p.m.  
Toledo Maritime Center, 1701 Front Street, Toledo, Ohio 

 
 

R.S.V.P. ____ I will attend.  ____ I cannot attend, but please keep me informed of future activities. 
 

Name:   Organization:   
 
Address:    E-mail:  
 
    Phone number:   
 

1. Would you like to share your ideas or specific concepts for dredge material management that 
could include product manufacturing, nearshore improvements, upland/farmland placement, 
strip mine reclamation, and in-water habitat restoration unit applications?  Please briefly 
describe your idea(s) or concepts and attach any detailed information that you may have to 
allow us to thoroughly develop your ideas for later assessment.  Please do so even if you 
cannot attend the forum. 

 
 
 
 
 
 
2. Have you been involved with any sediment management and use planning efforts for the Toledo 

Harbor? If so, briefly describe. 
 
 
 
 
 

 
 
3. Which of the following are you most concerned about regarding dredge material management? 

(Select one) 
 
Environmental Aspects   Economic Aspects   Both Equally   

 
Please email this RSVP form by June 9th to lakeeriecommission@ameritech.net or mail it to:  

 
Ohio Lake Erie Commission 
One Maritime Plaza, 4th Floor 
Toledo, OH  43604 

 
Visit www.toledoseaport.org for more information and the forum agenda. 
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Printed Thursday, August 18, 2011 

Use for river, bay dredgings to be forum topic
BLADE STAFF

The public is invited to a free, four-hour session Thursday about potential markets for millions of pounds of muck 

the U.S. Army Corps of Engineers digs up each year so that large cargo ships can continue to ply through 

Toledo-area water.

For years, the corps has spent roughly $20 million a year to dredge 4 million cubic yards of sediment from Great 

Lakes harbors and channels, the equivalent of 400,000 truckloads of soil.

Nearly a quarter of that comes from the Toledo shipping channel in the Maumee River and western Lake Erie's 

Maumee Bay, the shallowest and most heavily dredged part of the Great Lakes.

From 1 to 5 p.m., officials will seek ideas from the public on how best to keep the shipping channel from filling in 

so quickly with more sediment runoff. Most of it comes from northwest Ohio and northeastern Indiana farms.

Officials also are looking for markets for the dirt, such as product manufacturing, fishing reefs, or strip-mine 

reclamation. The majority of it gets dumped into Lake Erie's North Maumee Bay, one of the region's most 

productive fish nurseries. Biologists claim the turbidity it creates hurts the region's $7 billion fishery.

The session will be at the Toledo Maritime Center, 1701 Front St. in Toledo's Marina District. It is being 

presented by the Great Lakes Commission, the Ohio Lake Erie Commission, and the Toledo-Lucas County Port 

Authority, with funding from the U.S. Environmental Protection Agency. For more information, contact the Ohio 

Lake Erie Commission at 419-245-2514.

Copyright 2011 The Blade. By using this service, you accept the terms of our privacy statement and our visitor agreement.
Please read them. 

The Toledo Blade Company, 541 N. Superior St., Toledo, OH 43660, (419) 724-6000 
To contact a specific department or an individual person, click here.

The Toledo Times ® 

Page 1 of 1Toledo Blade - Local

8/18/2011http://www.toledoblade.com/local/2011/06/15/Use-for-river-bay-dredgings-to-be-forum-topic.print
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TOLEDO HARBOR SEDIMENT MANAGEMENT
AND USE SOLUTIONS INITIAL PUBLIC FORUM

ATTACHMENT C

LIST OF PARTICIPANTS

FIRST NAME LAST NAME ORGANIZATION

1. David Baker LaFarge North America
2. Kris Barnswell University of Toledo
3. Nicholas Basta Ohio State University
4. Larry Baumerotz L.B. Elec.
5. Rod Beals Ohio EPA - DERR/NEDO
6. Sandy Bihn West Lake Erie Waterkeepers
7. Cherie A. Blair Ohio EPA
8. Jim Brett Apex Companies LLC
9. Con Crowley J.R.S.L.
10. Marya Czech Lourdes College
11. Libby Dayton Ohio State University
12. Christine Drennen Toledo Metropolitan Area Council of Governments
13. Eric Getz Ohio EPA
14. Linda Greenwood Office of Senator Rob Portman
15. Brian Halm Streamside Systems
16. Justin Harris First Energy Corp.
17. John Hartig US FWS - Detroit River Intl. Wildlife Refuse Large Lakes Research Station
18. Tom Henry Toledo Blade
19. Jeremy Heyerly URS Corp.
20. Dave Jones CSX Transportation, Inc.
21. Gene Kidd Visions of Cullen Park
22. Roger Knight ODNR, Division of Wildlife
23. Tom Kovacik Transportation Advocacy Group of NW Ohio (TAGNO)/Kovacik Consulting
24. Nick Loftis Mintek Resources
25. Archie Lunsey Ohio EPA
26. Greg Malone Kurtz Bros., Inc.
27. Chuck Massarolo U.S. Representative Marcy Kaptur
28. Brian Miller Lucas County
29. Shannon Nabors Ohio EPA
30. Ernest Neal Neal Environmental Services
31. ENS Ben Nessin USCG Marine Safety Unit
32. Arnold Page USACE
33. Debbie Paul FirstEnergy Corporation
34. Darla Peelle Ohio EPA
35. Kendal Piel Toledo Regoinal Chamber of Commerce
36. Michael Pniewski USACE
37. Cheryl Rice Natural Resources Conservation Service
38. Jordan Rofkar, PhD University of Toledo
39. Dana Rollison U.S. Representative Marcy Kaptur
40. Rich Ruby USACE
41. Paul Ruehl LaFarge
42. Ben Smith Ohio EPA
43. David Spangler West Lake Erie Waterkeepers
44. Scott Stansley Stansley Industries, Inc.
45. Roger Streiffert TMACOG
46. Dan Thomas resident
47. Paul Toth Toledo-Lucas County Port Authority
48. Randall Tucker Streamside Systems
49. Jan Vorhees USCG Marine Safety Unit
50. John Watkins ODNR-Office of Coastal Management
51. Lance Wehrle Friends of Cullen Park
52. Elizabeth Wick Ohio EPA
53. Rachel Wolf none
54. Don Wonnell NW Ohio ODJFS
55. Kristin Yanko First Energy Corp.
56. David Knight* Great Lakes Commission
57. Ed Hammett* Ohio Lake Erie Commission
58. Kristin Gardner* Ohio Lake Erie Commission
59. Joe Cappel* Toledo-Lucas County Port Authority
60. Carla Firestone* Toledo-Lucas County Port Authority
61. Gilda Mitchell* Toledo-Lucas County Port Authority
62. Jenny Carter-Cornell* Hull & Associates
63. John Hull* Hull & Associates
64. Kelly Bensman* Hull & Associates
65. Keith Carr* Hull & Associates
66. Steve Garbaciak* ARCADIS
67. Lori Dixon* Great Lakes Marketing
68. Pete Kotulak* Moffat & Nichol
69. Mark Loomis* USEPA - Great Lakes National Program Office
Notes:

(*) Forum Organizer
SEPTEMBER 2011
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ATTACHMENT D 
 
 

 Initial Public Forum Agenda 
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Toledo Harbor Sediment Management and Use Solutions 

 
Stakeholder Forum #1 

Thursday, June 16, 2011  
1:00 p.m. - 5:00 p.m.  

Toledo Maritime Center, 1701 Front Street, Toledo, Ohio 43605 
 

AGENDA 
 
 

 
1:00 p.m. Great Lakes Restoration Initiative 
  Dave Knight, Special Projects Manager, Great Lakes Commission 
 
1:10 p.m. Welcome and Event Overview 

John Hull, P.E., Principal, Hull & Associates, Inc. 
 

1:20 p.m. Background Information from the Environmental Perspective  
Ed Hammett, Executive Director, Ohio Lake Erie Commission 

 
1:30 p.m. Background Information from the Economic Perspective 

Joseph Cappel, Director of Cargo Development, Toledo-Lucas County Port Authority 
 

1:40 p.m.  Introduction to Sediment Management Options (upland, in-water, nearshore, products) 
John Hull 

 
2:00 p.m.  Breakout Session Instructions and Assignments 

John Hull 
 

2:20 p.m. Break 
 

2:35 p.m. Breakout Sessions 
 
3:40 p.m. Breakout Session Reporting  

 
4:30 p.m. Forum Wrap-Up and Next Steps 

Ed Hammett 
John Hull 

 
 
 
 

C-47



THIS PAGE INTENTIONALLY LEFT BLANK

C-48



   

HULL & ASSOCIATES, INC.  SEPTEMBER 2011 
TOLEDO, OHIO  TPA044.100.0009 

ATTACHMENT E  
 
 

Initial Public Forum Presentation  
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Great Lakes Restoration 
Initiative

Dave Knight
Special Projects Manager
Great Lakes Commission

2805 S. Industrial Hwy, Suite 100 
Ann Arbor, MI 48104-6791
734.971.9135 
dknight@glc.orgglc.org/dredging
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• Beach nourishment
• Aquaculture
• Parks and recreation
• Strip mine reclamation & solid 

waste management
• Brownfields restoration
• Shoreline stabilization and 

erosion control

• Construction and industrial 
use (port development, 
airports, urban, & residential)

• Material transfer (fill, dikes, 
levees, parking lots, roads)

• Habitat development 
(wetland, upland, island, 
aquatic, others)

3

Beneficial Uses of Dredged 
Material
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• Blueprints established by Regional Collaboration Strategy in 2005
• Enacted in 2009 for Fiscal Years 2010-2014, authorized for $2.35 million
• Funded for FY 2010 at $475 million
• Funded for FY 2011 at $350 million
• President’s budget for FY 2010: $300 million
Five focus areas
• Cleaning up toxics and areas of concern 
• Combating invasive species 
• Promoting nearshore health by protecting watersheds 

from polluted run-off 
• Tracking progress and working with partners on 

outreach
• Restoring wetlands and other habitats

Great Lakes Restoration Initiative
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John H. Hull, P.E.
Chairman

Hull & Associates, Inc.

Welcome and Event Overview

hullinc.com

3401 Glendale Ave
Toledo, Ohio 43614
419.385.2018
jhull@hullinc.com
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• Issues and Opportunities
• Technical Approaches
• Project Identification
• Prioritization for Implementation

Toledo Harbor Sediment 
Management and Use
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• Introduction to the Project
– The Ohio Lake Erie Commission was 

awarded a GLRI grant to create a 
sediment management strategy/plan for 
the Toledo Harbor that identifies and 
addresses: 

• recommended short-term (1-5 years) options
• recommended long-term (30 year) options
• funding needs/sources/mechanisms
• timelines for implementation of recommended approaches

– The Hull & Associates, Inc. Team was 
retained to assist in developing this plan

Toledo Harbor Sediment 
Management and Use Planning
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• Introduce issues and 
challenges related to sediment 
management

• Gain public ideas and input 
on:
– Potential sediment use options 

and project concepts
– Constraints and concerns
– Relative importance of goals and 

related issues

Today’s Objectives
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• Technical Team will assist the 
Toledo Harbor Long-Term 
Dredge Management Task 
Force to:
– Review sediment use 

opportunities recommended at 
forum

– Review factors recommended at 
forum

– Prepare draft evaluation of 
approaches based on identified 
factors

– Present draft prioritized approach 
to stakeholders at Forum #2 in fall 
2011

Next Steps
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Background Information from 
the Environmental Perspective

Ed Hammett
Executive Director

Ohio Lake Erie Commission

lakeerie.ohio.gov

One Maritime Plaza, Fourth Floor
Toledo, Ohio 43604
419.245.2514
edhammett@ameritech.net
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Lake Erie Economic Values

• Lake Erie 
– $10.7 Billion Lake Erie Tourism 
– $1 Billion Lake Erie Fishing
– 3 million Ohio drinking water users
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800K

100K – 250K

50K – 95K
<50K

ANNUAL DREDGING 
REQUIREMENT (CY)

DREDGED MATERIAL 
MANAGEMENT STATUS

Critical – Dredged Material Management 
issues could severely restrict channel 
availability within 5 years
Pressing – Dredged Material Management 
issues could severely restrict channel 
availability within 10 years.

No pressing issues within next 10 years; 
continue to work on long range planning 
such as DMMPs.

C-63



14

Sediment Entering Lake Erie 
on 4/2/08
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Impacts of Nutrient Loading
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Toledo Harbor - Sediment

Current : 850,000 yd3 Proposed : 1,250,000 yd3
• 850,000yd3

• Equivalent to 2.2x One 
SeaGate*

• 1,250,000yd3

• Equivalent to 3.3x One 
SeaGate*

*Numbers are not 
exact, but 
estimations are 
instructive.
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WWTP Effluent vs. Dredged Sediment
For Quantity Perspective Only

Parameter Toledo Bay View WWTP 
Effluent (based on 2008 
data)

Toledo Harbor Dredged 
Sediment (based on 2004 
data & 1.25 million cu. Yds)

Cadmium Samples below detection limit 2.50 tons/yr
Lead Samples below detection limit 48.03  tons/yr
Mercury 2.18 pounds/yr 620 pounds/yr
Silver Samples below detection limit 0.61 tons/yr
Zinc 5.1 tons/yr 250.74 tons/yr
Phosphorus 69.4 tons/yr 1208.82 tons/yr
Total Suspended Solids 983 tons/yr 2,062,500 tons/yr (total solids)
Selenium Samples below detection limit 1.25 tons/yr
Ammonia 20.4 tons/yr 311.65 tons/yr
Operating Expenses $41 million based on 2007 Annual Report FY10 Budget - $5  million

Ohio EPA Comparative Analysis
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Ohio’s Position

• Ohio has long (25 years) consistent position on 
this issue

• Toledo Harbor must be kept open
• Lake Erie must be restored & open lake disposal 

is not acceptable
• Beneficial use and source reduction-best 
• Strongly support cooperative partnerships
• Sustainable practices
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Toledo Harbor Dredging Task 
Force

• Membership
- Toledo-Lucas County Port Authority
- State agencies
- Federal agencies
- Local officials
- Non-governmental organizations 

(environmental, commercial, and 
recreational)
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The Economic Impact of the 
Port of Toledo

Joseph Cappel
Director of Cargo Development

Toledo-Lucas County Port Authority

toledoportauthority.org 
toledoseaport.org

toledoexpress.com

One Maritime Plaza, Suite 701
Toledo, Ohio 43604
419.243.8251
jcappel@toledoportauthority.org
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Great Lakes Shipping: Economic 
Strength to the Nation

• 10% of all U.S. waterborne domestic traffic is on the GLNS

• GLNS saves approx $3.6 billion per year over the next least costly 
mode of transportation

• 44,000 jobs directly related to maritime transport; 54,000 mining 
industry jobs; 138,000 steel industry jobs and hundreds of 
thousands more in agriculture, automotive, and manufacturing 
depend on the GLNS

• One thousand-foot Laker holds 3000 truckloads

• Ships emit 90% less carbon dioxide than truck and               
70% less than rail
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The Port of Toledo’s Economic 
Impact

• Toledo’s 15 Marine Terminals handle over 700 vessel calls and 
12 million tons of cargo per year. Thousands of jobs rely on the 
industry supported by the Port of Toledo

• Majority of trade with US and Canadian Seaports within the 
GLNS. Port also trades with ports in Mexico, South America, 
Europe and Asia

• Up to 20 vessels lay-by in Toledo each year generating millions 
of dollars of economic activity for shipyard workers and supply 
industries

• Port of Toledo is the largest land mass port on the             
Great Lakes and the most cargo diverse. 
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The Port of Toledo – $35 M Invested 
in Seaport Improvements

George Hardy 
DriveRail Spur

Ironville 
Rail Loop

Rail Loop

Bulk Loader

Cranes

St. Lawrence 
Drive

Facility 1

Ironville

Heidtman Steel

Beazer

Ship Yard      

Facility 3

Facilit
y 2

Island 18

Dock 
Improvements

Grain Handling 
System

Lay Down 
Area
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NW Ohio Intermodal Projects 
2009-2011

• Port Authority     $35.2 M
– Ship/Rail/Truck

• Airline Yard         $12.8 M
– Rail/Truck

• Toledo Express   $7.2 M
– Air/Truck

• CSX Gateway       $175 M
– Rail/Truck

Total Intermodal Construction :      
$230.2 M 
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But…

• Investments in infrastructure & economic impact won’t matter unless 
Toledo’s dredging issues are addressed with sustainable solutions 
considering the needs of industry, community and environment.

• For every one inch of reduced draft, a lake trading vessel forfeits 50 
to 270 tons of cargo from their payload. Ocean vessels lose 115 
tons of cargo for each inch of lost draft.  

• The International Reputation of the Port of Toledo is on the Line! 
One bad experience is cause never to return.

• If we can work together to address the needs of commerce and the 
environment we will achieve great things!

C-75



Sediment Management Options, 
Breakout Sessions & Assignments

John H. Hull, P.E.
Kelly Bensman

Hull & Associates, Inc.

hullinc.com

3401 Glendale Ave
Toledo, Ohio 43614
419.385.2018
jhull@hullinc.com
kbensman@hullinc.com
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Today’s Focus

Sediment Management
• Erosion control
• BMPs
• Nutrient management
•• Dredged Material ManagementDredged Material Management
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In-Water Dredged Material 
Management Options

• Submerged Aquatic 
Habitat Restoration Unit 
(HRU)

• Emergent HRU
• Confined Disposal Facility 

(CDF)
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Nearshore Dredged Material 
Management Options

• Wetland Restoration
• Shoreline Protection
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Upland Dredged Material 
Management Options

• Brownfields and 
Landfills Caps

• Mine Reclamation
• Agricultural 

Improvements
• Inland Monofill
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Product Options from Dredged 
Material Management

• Manufactured Soil
• Asphalt, Concrete and Construction Materials
• Structural Fill Material
• Other
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Planning Process
To

da
y’s
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rum
 

C-82



Combination of Approaches

• Both short-term and long-term plans will likely 
consist of a combination of approaches due to:
– Demand constraints
– Logistics
– Dredged material composition 
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Breakout Session Instructions 
Table Assignments

• In-Water
– TABLE #1:  Submerged Aquatic Habitat Restoration Unit (HRU) – John Hull
– TABLE #2:  Emergent HRU – Kristin Gardner
– TABLE #3:  Confined Disposal Facility – Pete Kotulak

• Nearshore
– TABLE #4:  Wetland Restoration – Keith Carr
– TABLE #5:  Shoreline Protection – John Watkins

• Upland
– TABLE #6:  Brownfields and Landfills Caps, Mine Reclamation – Steve Garbaciak
– TABLE #7:  Agricultural Improvements – Jenny Carter-Cornell
– TABLE #8:  Inland Monofill – Kelly Bensman

• Products
– TABLE #9:  Manufactured Soil – Joe Cappel
– TABLE #10: Asphalt & Concrete Mixtures, Specialty Concrete      Material, Other – David Knight
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Breakout Session Instructions 

 

Submerged Aquatic Habitat Restoration Unit (HRU) 
 

Idea Location  
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Criteria 

Recreation 
Flood Protection 
Aesthetics 
Economic Development 

Human Benefits 
 

Navigational Safety 
 Improved Hydrologic Functions
 Habitat Enhancements Ecological 

Benefits 
  Improved Water Quality 
Revenue Generating Activity 
Job Creation Economic 

Benefits 
Cost Savings 

 

 
 

Breakout Session Instructions 

 

 

 

Technical 
Logistical 
Institutional 

Feasibility 

Constructability 
Dredging 
Transportation 
Maintenance 

Implementation 
Costs 

Monitoring 
Location 
Construction Environmental 

Impacts 
Post-Construction 
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Breakout Session Instructions 

Criteria

Rank Criteria in Order of 
Highest Priority (1 is highest 

priority and 6 is lowest 
priority)

Human Benefits

Ecological Benefits

Economic Benefits

Feasibility

Implementation Costs

Environmental Impacts
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Ground Rules

• All ideas are fair game
• Ensure that everyone has the 

opportunity to speak and that all ideas 
are expressed

• Be mindful of our time constraints
• Continue to think about the ideas 

discussed today and follow up with 
team members if you have additional 
thoughts to share
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Wrap Up – Next Steps

• Technical Team will work with Task Force to:
– Review sediment use opportunities recommended at 

forum
– Review factors recommended at forum
– Prepare draft evaluation of approaches based on 

identified factors
– Present draft prioritized approaches to stakeholders in 

fall 2011
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toledoportauthority.org 
toledoseaport.org

toledoexpress.com

For additional information or to provide follow up input, please email 
lakeeriecommission@ameritech.net or call 419.245.2514.

Updates, forum results, and this presentation will soon be available at:

Thank You for Your Participation!

glc.org/dredginglakeerie.ohio.gov
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3401 Glendale Avenue, Suite 300  Toledo, Ohio 43614  (419) 385-2018  (419) 385-5487 fax 
 

 Memorandum 
 
TO:  Toledo Harbor Task Force  
 
FROM:    John Hull, P.E. and Kelly Bensman 
 
DATE:  September 8, 2011 
 
RE:  Scoring of Technical Criteria for Use in the Evaluation of Toledo Harbor 

Sediment Management and Use Options; TPA044.100.0011 
          
  
This Memorandum has been prepared to provide an overview of the process that will be 
implemented to develop weighting factors for adjusting technical criteria scores during the 
evaluation of sediment management and use options for the Toledo Harbor as part of the 
Toledo-Lucas County Port Authority and the Ohio Lake Erie Commission “Great Lakes 
Restoration Initiative Project; EPA Grant # GL-00E00523-0”. Table 1 provides a list of sediment 
management and use alternatives that will be evaluated.  
 

SCORING OF TECHNICAL CRITERIA FOR TOLEDO HARBOR  
SEDIMENT MANAGEMENT AND USE OPTIONS EVALUATION 

 
TABLE 1 

 
LIST OF SEDIMENT MANAGEMENT AND USE OPTIONS   

 
Option/Alternative 

Category Option/Alternative 

In-Water 
Submerged Aquatic Habitat Restoration Unit  
Emergent Habitat Restoration Unit 
Confined Disposal Facility 

Near-Shore Wetland Restoration 
Shoreline Protection 

Upland 
Brownfields, Landfill Caps, and Mine Reclamation 
Agricultural Improvements 
Inland Monofill   

Products Manufactured Soil, Asphalt, Concrete, and Construction 
Materials, Structural Fill, and Other 
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Memorandum   
TPA044.100.0011 
September 8, 2011 
Page 2 
   
 
Based on the information gained from the initial public forum, the various options/alternatives 
will be evaluated using mandatory criteria (e.g. cost, capacity, feasibility, schedule, habitat, 
regulatory, etc.) and balancing criteria (location, end-use, etc.).  A matrix will be developed to 
score the dredge material management and use options across six different major categories of 
technical criteria as follows: 
 

• Human Benefits (e.g. recreation, flood protection, aesthetics, economic 
development) 

• Ecological Benefits (e.g. improved hydrologic functions, habitat enhancements, 
improved water quality) 

• Economic Benefits (e.g. revenue generating activity, job creation, cost savings) 
• Feasibility (e.g. technical, logistical, institutional, constructability) 
• Implementation Costs (e.g. dredging, transportation, maintenance, monitoring) 
• Environmental Impacts (e.g. location, construction, post-construction) 

These general categories of technical criteria will be assigned raw scoring factors by the 
technical team and will be assigned weighting factors by the Task Force. The weighting factor 
determines the relative importance of each technical criteria category evaluated for sediment 
management and use options. The weighting factors will be used in the technical team’s 
evaluation of criteria, so that the various options/alternatives can be ranked and a consensus 
can be reached from the Task Force as a group.   
 
In deciding on weighting factors for the categories of technical criteria, the Task Force members 
may consider the results of the stakeholders’ prioritization of the criteria obtained during the 
initial public forum.  Figure 1 provides a graph that illustrates the results of the stakeholders’ 
prioritization of the technical criteria categories.  In general, the graph illustrates that a dominant 
priority for specific criteria was not identified by stakeholders as a group.   
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Memorandum   
TPA044.100.0011 
September 8, 2011 
Page 3 
   

SCORING OF TECHNICAL CRITERIA FOR TOLEDO HARBOR  
SEDIMENT MANAGEMENT AND USE OPTIONS EVALUATION 

 
FIGURE 1 

 
INITIAL PUBLIC FORUM PRIORITIZATION OF TECHNICAL CRITERIA  
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Provided in Attachment A is a worksheet that we request each Task Force member complete.   
Each Task Force member shall assign each of the six categories of criteria a weighting factor 
ranging from zero to 100.  The sum of the weighting factors across all categories should be 
equal to 100.  For each option, the raw scoring factors will be adjusted by multiplying them by 
the weighting factors assigned by the Task Force and the totaled.  The options will be ranked in 
the order of highest to lowest score, which is the order of most preferred to the least preferred 
option.   
 
The technical team will compile the weighting factors provided by each Task Force member 
across the six categories of technical criteria and review the data for potential anomalies or 
outliers. If no anomalies or outliers are identified, the technical team will finalize the weighting 
factors established by the Task Force as a whole and will present the results to the Task Force 
at the next Task Force meeting.   
   
If anomalies are identified, the technical team will attempt to determine the cause of the 
anomalies or outliers by facilitating a discussion with the Task Force members during the next 
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Memorandum   
TPA044.100.0011 
September 8, 2011 
Page 4 
   
Task Force meeting or a special conference call to address or clarify any specific information or 
perspective that may have been considered to weight the criteria so that they appear as 
anomalies or outliers.  After the discussion, each Task Force member will be asked to repeat 
the weighting evaluation worksheet again so that a consensus on the weighting factors that 
should be applied to the technical criteria can be reached by the Task Force as a whole.  The 
technical team will finalize the weighting factors established by the Task Force as a whole, and 
will present the results to the Task Force at the next Task Force meeting.  The technical team 
will proceed in the evaluation of options using the adjusted technical scoring criteria. 
 
A second public forum will be held in the first quarter of 2012 to present the draft criteria and 
measurable units for each criterion to the public and solicit input.  The proposed objectives of 
the second forum are: 
 

• solicit comment and stakeholder input on the proposed draft options; 
• report on the process to include technical alternatives initially discussed at the 

Forum #1 and subsequently used to rank technical factors identified during the 
study; and 

• obtain input to modify the methodology as appropriate prior to finalizing the 
prioritization. 
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SCORING OF TECHNICAL CRITERIA FOR 
SEDIMENT MANAGEMENT STRATEGY AND USE EVALUATION

ATTACHMENT A

TASK FORCE MEMBER WORKSHEET

Name:

Address:

Phone:

Category of Technical 
Criteria Examples of Technical Criteria

Assigned Weighting Factor 
(assign value between zero and 100)

(Cumulative = 100% for the category, not 
individual examples)

Sediment Volume
Sediment Placement Volumes
Final Capacity
Capacity Expansion capability
Contaminant reduction/treatment capability
Ratio of dredge volume to facility capacity
Life of site
Ease of implementation
Institutional feasibility
Regulatory compliance
Construction duration
Distance from channel
Site accessibility
Historical/Archeological designations
Land use restrictions
Other restrictions
AQUATIC BIOLOGY

Benthic Community
Shallow Water Habitat
Submerged Aquatic Vegetation
Tidal Wetlands
Non-tidal Wetlands
Spawning Habitat

________________________________________Organization:__________________________________________
___________________________________________________________________________________________________
_________________________________________E-mail:___________________________________________________

Feasibility 2

Pat Smith XYZ

123 Main St., Toledo, Ohio 43604

419-555-1111 psmith@xyz.com

Spawning Habitat
Essential Fish Habitat
Recreational Fishery
Protected Species (rare, threatened and endangered species)
Habitat of Particular Concern

WILDLIFE/WATERBIRDS 
Waterfowl Use
Wading and Shorebird Use
Wildlife Habitat

TERRESTRIAL 
Forests
Streams
Lakes & Ponds
Prime or Unique Agricultural Land
Floodplains

PHYSICAL PARAMETERS
Substrate/Soil Characteristics
Hydro-dynamics effects
Toxic Contaminants

WATER QUALITY
Dissolved Oxygen
Nutrient Enrichment
Turbidity
Groundwater

Recreation Opportunity
Flood Protection
Aesthetics
Complete human health exposure pathways
Magnitude of maximum cancer risk
Navigational Safety
Revenue Generation - Final Use
Revenue Generation - Construction
Public Need
Job Creation
Tourism
Agricultural Improvements
Commercially Harvested Species or Habitat
Dredging Costs
Transportation Costs
Maintenance Costs
Monitoring Costs
Construction Cost ($/CY) 

TOTAL: 100

Implementation Costs 14

Environmental 
Impacts 10

Human Benefits 5

Economic Benefits 22

Ecological Benefits 47

Note: Total Sum of Weighting Factors Must Equal 100.
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SCORING OF TECHNICAL CRITERIA FOR 
SEDIMENT MANAGEMENT STRATEGY AND USE EVALUATION

ATTACHMENT A

TASK FORCE MEMBER WORKSHEET

Name:

Address:

Phone:

Category of Technical 
Criteria Examples of Technical Criteria

Assigned Weighting Factor 
(assign value between zero and 100)

(Cumulative = 100% for the category, not 
individual examples)

Sediment Volume
Sediment Placement Volumes
Final Capacity
Capacity Expansion capability
Contaminant reduction/treatment capability
Ratio of dredge volume to facility capacity
Life of site
Ease of implementation
Institutional feasibility
Regulatory compliance
Construction duration
Distance from channel
Site accessibility
Historical/Archeological designations
Land use restrictions
Other restrictions
AQUATIC BIOLOGY

Benthic Community
Shallow Water Habitat
Submerged Aquatic Vegetation
Tidal Wetlands
Non-tidal Wetlands
Spawning Habitat
Essential Fish Habitat
Recreational Fishery
Protected Species (rare, threatened and endangered species)
Habitat of Particular Concern

WILDLIFE/WATERBIRDS 
Waterfowl Use
Wading and Shorebird Use
Wildlife Habitat

TERRESTRIAL 
Forests
Streams
Lakes & Ponds
Prime or Unique Agricultural Land
Floodplains

PHYSICAL PARAMETERS
Substrate/Soil Characteristics
Hydro-dynamics effects
Toxic Contaminants

WATER QUALITY
Dissolved Oxygen
Nutrient Enrichment
Turbidity
Groundwater

Recreation Opportunity
Flood Protection
Aesthetics
Complete human health exposure pathways
Magnitude of maximum cancer risk
Navigational Safety
Revenue Generation - Final Use
Revenue Generation - Construction
Public Need
Job Creation
Tourism
Agricultural Improvements
Commercially Harvested Species or Habitat
Dredging Costs
Transportation Costs
Maintenance Costs
Monitoring Costs
Construction Cost ($/CY) 

TOTAL: 100

Note: Total Sum of Weighting Factors Must Equal 100.

_________________________________________E-mail:___________________________________________________
___________________________________________________________________________________________________
________________________________________Organization:__________________________________________

Ecological Benefits

Feasibility

Environmental 
Impacts

Human Benefits

Economic Benefits

Implementation Costs
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APPENDIX E

Agricultural Property Review
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Upland Placement of Dredged Material at East Harbor State Park Memorandum
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3401 Glendale Avenue, Suite 300  Toledo, Ohio 43614  (419) 385-2018  (419) 385-5487 fax 

 

 Memorandum 

 
TO:  John Hull, P.E. and Kelly Bensman 
 
FROM:    Philip A. Hicks 
 
DATE:  June 6, 2012 
 
RE:  Summary of East Harbor – Upland Placement of Dredged Material; 

TPA044.100.0023 
          
  
This memorandum has been prepared to provide a summary of the current upland placement of 
dredged material from the East Harbor State Park.  The ODNR Division of Parks and Recreation 
is funding the dredging of the East Harbor and the placement of dredged materials to the upland 
Wadsworth property.  The Wadsworth property is a Fruit Farm owned by Joyce and Donald 
Wadsworth and is approximately 30 acres of flat agricultural land.  William (Bill) E. Bopp of the 
ODNR has designed and implemented the current process and is the person in charge of 
coordinating all permits and communication with the USACE.  During a phone conversation, Bill 
discussed the following key points of the process: 
  

 Method of Dredging – A small hydraulic dredge pumps the material to a booster 
pump which then transports the material to the placement site. 

 

 Relocation Area – The area was designed for 4 separate cells.  Each cell is 
contained by dikes approximately 9.5’ in height.  The intent is to fill cell 1 first and 
then construct the remaining cells sequentially.  It is expected that material in cell 
1 will consolidate while other material is placed into cell 2, potentially allowing 
additional material placement into cell 1. 

 

 Dikes – The dikes are designed with the intentions to stay below the definition of 
a dam.  A dam is defined by a certain height, width, and/or storage capacity 
behind the embankment.  If a design meets the dam definition, the regulations 
and permit requirements may increase due to potential of flooding, loss of life, 
etc.  Dike/dam heights are measured from the exterior grade elevation.  A “bowl” 
was excavated to hold more dredge material and the material dredged from the 
“bowl” was used to build the dikes. 

 

 Outlet / Discharge – A box weir was used to control the discharge of water runoff. 
 Water runoff was discharged to an open ditch with installed check/filter dams 
that eventually discharged back into the lake.  

 

 Sediment Testing – Sediment at the placement location as well as the lake 
sediment was analyzed prior to implementation to ensure the material was 
appropriate for the end-use. 
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 Easements – Right of entry was required in three places. Two places were leased 
and one place was free passage. Boring under Route 163 was necessary in order 
to reach the dredged material placement area. 

 

 Final / Closure – An agreement to return the land to the owner with a new specific 
elevation is in place. In other words, re-grading of the site after final placement to 
achieve the specified elevations might be required.  The end use of the property 
is unknown, but could include agricultural use or subdivision development. 

 

 Funding – The project was funded by the Waterway Safety Fund, which includes 
monies from state motor vehicle gas tax, boating registration and titling fees, 
federal grants, and fines. 

 
Based on the project outcomes, coordinators recommended that the public be kept informed and 
remain hands on.  For this project, the public was invited out to watch the dredging and allowed 
to board the dredging vessel. 

 
Since the process involved placement upland (less environmental impact), a waiver was applied 
for to allow dredging during the environmental window to reduce costs and compress the 
schedule duration. 

 
ODNR intends to complete dredging in West Harbor next year, which was previously completed 
by the USACE and recently discontinued due to budget cuts. 
 
ODNR is currently dredging and placing material in cell 1 as well as constructing cell 2.  
Approximately 60,000 cubic yards has been dredged, with plans to dredge around 250,000 cubic 
yards in the next 4 years. 
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APPENDIX G

Drawings and Details for Sediment Management and Use Options

Note: Appendix G provides drawings and details for sediment management and use options
evaluated in the Toledo Harbor Sediment Management and Use Plan.  The conceptual
drawings and details of conceptual containment structures developed for the wetland
restoration/shoreline protection option, deep water and shallow water submerged HRU options,
deep water and shallow water emergent HRU options, and the new CDF option, developed by
Moffatt & Nichol, are provided in Appendix G-3 through Appendix G-6.  The conceptual
containment structures are oriented to minimize the amount of slope protection needed to
accommodate typical water levels, local storm surges, and a preliminary wind-wave hindcast.

During the course of the project, it was apparent that the USACE was in progress of completing,
or had completed, similar structure designs such as an HRU near the Toledo Harbor Lighthouse
location.  Although public presentations and conceptual designs for preliminary cost estimates
were completed, the USACE elected not to share calculations and data as requested by some
Task Force representatives.  USACE responded that even though the level of work was
sufficient to develop costs and to solicit public comment, the supporting documentation could
not be released based on USACE internal guidelines and that the requested information and
data would not be released until senior peer review was completed.  In December 2012,
USACE informed the Task Force that the project would not continue due to the lack of a non-
federal sponsor.  Not having the benefit to use existing USACE data and information, the Hull
Team used methods, procedures, and guidelines (e.g. Costal Engineering Manual, USACE
Manuals) similar to those used by USACE to develop an appropriate level of design. Wind data
was obtained from the Toledo Express Airport.  Fetch distances and average water depths were
obtained from National Oceanic and Atmospheric Administration Charts 14830, 14846, and
14847.  The Hull Team’s preliminary wind-wave hindcast was used to establish preliminary dike
heights used in the conceptual designs.  The results of preliminary wind-wave hindcast were
similar to those reported in the portions of USACE-managed “Toledo Harbor Habitat Restoration
Unit Conceptual Design Report” (URS/Baird, 2011) that were released to the Task Force.
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Beneficial Use
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APPENDIX G-2

Agricultural Field Improvements
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APPENDIX G-3

Wetland Restoration and Shoreline Protection



THIS PAGE INTENTIONALLY LEFT BLANK



G-3-1



G-3-2



G-3-3



G-3-4



G-3-5



THIS PAGE INTENTIONALLY LEFT BLANK

G-3-6



TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN
SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. DECEMBER 2012
TOLEDO, OHIO TPA044.100.0052

APPENDIX G-4

Submerged Habitat Restoration Unit
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APPENDIX G-5

Emergent Habitat Restoration Unit
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APPENDIX G-6

New Confined Disposal Facility
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APPENDIX G-7

Open-Lake Placement
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Combination Approach
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Detailed Cost Estimates for Sediment Management and Use Options
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-1

RELATIVE UNIT COST AND TOTAL COST OF THE SINGLE-OPTIONS1,2,3

Nearshore

Beneficial Use

Agricultural
Field

Improvements
(5-mile radius)

Agricultural
Field

Improvements
(10-mile radius)

Wetland
Restoration

and Shoreline
Protection

Submerged
Habitat

Restoration Unit
(Deep Water)

Submerged
Habitat

Restoration Unit
(Shallow Water)

Emergent Habitat
Restoration Unit

(Deep Water)

Emergent Habitat
Restoration Unit
(Shallow Water) New CDF

 Open-Lake
Placement with

Controls

New
Open-Lake
Placement

Area without
Controls

1.0 Processing, hauling, handling $7.70 N/A N/A N/A  N/A  N/A  N/A  N/A  N/A  N/A  N/A
2.0 Containment structure (dike) N/A $0.10 $0.10 $0.60 $1.00 $0.40 $6.30 $3.10 $5.20  N/A  N/A
3.0 Containment structure (cap) N/A N/A N/A N/A $13.50 $27.00  N/A  N/A  N/A  N/A  N/A

4.0 Containment structure - (slope
protection) N/A N/A N/A $0.80 $0.70 $0.50 $2.30 $0.90 $0.60  N/A  N/A

5.0 Habitat/site development $0.10 $1.30 $1.90 $0.40  N/A  N/A $0.10 $0.10  N/A   $<0.10  N/A
6.0 Nutrient loading controls N/A N/A N/A N/A  N/A  N/A  N/A  N/A  N/A $1.50 N/A
7.0 Pump-out area development N/A $0.70 $0.70 $0.70  N/A  N/A  N/A  N/A  N/A  N/A  N/A
8.0 Capping N/A N/A N/A N/A  N/A  N/A  N/A  N/A  N/A $0.50 N/A

$7.80 $2.10 $2.70 $2.50 $15.20 $27.90 $8.70 $4.10 $5.80 $2.00 $0.00

9.0
Mobilization and Demobilization (8%
of subtotal 1)5 $0.60 $0.20 $0.20 $0.20 $1.20 $2.20 $0.70 $0.40 $0.50  N/A  N/A

$8.40 $2.30 $2.90 $2.70 $16.40 $30.10 $9.40 $4.50 $6.30 $2.00 $0.00
10.0 Dredged material placement $7.50 N/A N/A N/A $7.50 $7.50 $7.50 $7.50 $7.50  N/A  N/A
11.0 Site proximity to center of gravity4 ($0.20) ($0.30) ($0.30) ($0.30) $0.50 $<0.10 $0.50 $<0.10 $<0.10 $0.50 $2.10

$15.70 $2.00 $2.60 $2.40 $24.40 $37.60 $17.40 $12.00 $13.80 $2.50 $2.10

12.0
Planning, engineering, and design
(10% of subtotal 3)6 $1.60 $0.20 $0.30 $0.20 $2.40 $3.80 $1.70 $1.20 $1.40 $0.30 $0.20

13.0
Operation and maintenance (5% of
subtotal 3)7 $0.80 $0.10 $0.10 $0.10 $1.20 $1.90 $0.90 $0.60 $0.70 $0.10 $0.10

$18.10 $2.30 $3.00 $2.70 $28.00 $43.30 $20.00 $13.80 $15.90 $2.90 $2.40
14.0 Dredging (clamshell) $6.00 $6.00 $6.00 $6.00 $6.00 $6.00 $6.00 $6.00 $6.00 $6.00 $6.00

$24.10 $8.30 $9.00 $8.70 $34.00 $49.30 $26.00 $19.80 $21.90 $8.90 $8.40
15.0 Contingency (25% of subtotal 5)8 $6.00 $2.00 $2.20 $2.20 $8.60 $12.40 $6.40 $4.90 $5.40 $2.20 $2.10

$30.10 $10.30 $11.20 $10.90 $42.60 $61.70 $32.40 $24.70 $27.30 $11.10 $10.50
$903,000,000 $309,000,000 $336,000,000 $327,000,000 $1,278,000,000 $1,851,000,000 $972,000,000 $741,000,000 $819,000,000 $333,000,000 $315,000,000

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo

$<0.10 – Cost was estimated to be less than $0.10 and is not included in the relative cost    CY – Cubic yard    N/A – Not applicable

1. Detailed assumptions for each option and major cost elements are presented in Section 6.0 of the Toledo Harbor Sediment Management and Use Plan.
2. Cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed each single-option would accommodate 30 million CY.
3. Unit cost calculations are included in subsequent Tables H-3 through H-12.
4. Since the initial dredging cost included a one-way haul of 2 miles, an increase or decrease was given to sites that were farther away or closer than the 2-mile range, respectively.  The cost of $0.16/CY of material per mile to

haul the material was determined by the average size of the current scows used and the travel time of these scows.  Values listed in parenthesis indicate a cost credit based on the option being closer than the 2-mile range.
5. Cost for mobilization and demobilization was assumed to be 8% of all construction costs, not including the baseline dredging cost.
6. Planning, engineering, and design (PED) was assumed to be 10% of all additional costs implemented to the baseline dredge cost, including the mobilization and demobilization.
7. Operation and maintenance (O&M) was assumed to be 5 percent of all additional costs implemented to the baseline dredge cost, including the mobilization and demobilization.
8. A contingency was assumed to be 25% of all costs, including the baseline dredge cost.  The contingency is to account for additional project requirements and associated costs that were not determined during this preliminary evaluation.

These requirements and associated costs will be included in a detailed design.
9. Total relative costs do not include adjustments for inflation and are based on 2012 dollars.

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who
are competent in construction cost estimating, possess a working knowledge of construction, and  capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used

for potential funding values, but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Subtotal 4

Subtotal 2

Notes:

Total relative costs9
Relative unit costs ($/CY)

Subtotal 5

Subtotal 1

Subtotal 3

Sediment Management and Use Option
Upland In-Water

DescriptionItem #

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0024.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-2

RELATIVE UNIT COST AND TOTAL COST OF COMBINATION OPTION 1,2,3

Beneficial Use10

Wetland Restoration
and Shoreline
Protection11

Agricultural Field
Improvements12

 Open-Lake Placement
with Controls13

1.0 Processing, hauling, handling $5.70 N/A N/A N/A $0.60
2.0 Containment structure (dike) N/A $1.40 $0.10 N/A $0.40
3.0 Containment structure (cap) N/A N/A N/A N/A N/A
4.0 Containment structure - (slope protection) N/A $1.70 N/A N/A $0.40
5.0 Habitat/site development $0.10 $0.50 $2.20   $<0.10 $0.60
6.0 Nutrient loading controls N/A N/A N/A $1.50 $0.70
7.0 Pump-out area development N/A $0.70 $0.70 N/A $0.30
8.0 Capping N/A N/A N/A $0.50 $0.20

$5.80 $4.30 $3.00 $2.00 $3.20
9.0 Mobilization and Demobilization (8% of subtotal 1)5 $0.50 $0.40 $0.30 N/A $0.20

$6.30 $4.70 $3.30 $2.00 $3.40
10.0 Dredged material placement $7.50 N/A N/A N/A $0.70
11.0 Site proximity to center of gravity4 ($0.20) ($0.30) ($0.30) $0.50 $0.10

$13.60 $4.40 $3.00 $2.50 $4.20
12.0 Planning, engineering, and design (10% of subtotal 3)6 $1.40 $0.40 $0.30 $0.30 $0.40
13.0 Operation and maintenance (5% of subtotal 3)7 $0.70 $0.20 $0.20 $0.10 $0.20

$15.70 $5.00 $3.50 $2.90 $4.80
14.0 Dredging (clamshell) $6.00 $6.00 $6.00 $6.00 $6.00

$21.70 $11.00 $9.50 $8.90 $10.80
15.0 Contingency (25% of subtotal 5)8 $5.40 $2.80 $2.40 $2.20 $2.70

$27.10 $13.80 $11.90 $11.10 $13.50
$81,311,000 $96,271,000 $83,306,000 $144,901,000 $405,789,000

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo

$<0.10 – Cost was estimated to be less than $0.10 and is not included in the relative cost    CY – Cubic yard    N/A – Not applicable

1. Detailed assumptions for each option and major cost elements are presented in Section 6.0 of the Toledo Harbor Sediment Management and Use Plan.
2. Cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed the combination option would accommodate 30 million CY.
3. Unit cost calculations are included in subsequent Tables H-13 through H-16.
4. Since the initial dredging cost included a one-way haul of 2 miles, an increase or decrease was given to sites that were farther away or closer than the 2-mile range, respectively. The cost of $0.16/CY of material per mile to

 haul the material was determined by the average size of the current scows used and the travel time of these scows. Values listed in parenthesis indicate a cost credit based on the option being closer than the 2-mile range.
5. Cost for mobilization and demobilization was assumed to be 8% of all construction costs, not including the baseline dredging cost.
6. Planning, engineering, and design (PED) was assumed to be 10% of all additional costs implemented to the baseline dredge cost, including the mobilization and demobilization.
7. Operation and maintenance (O&M) was assumed to be 5 percent of all additional costs implemented to the baseline dredge cost, including the mobilization and demobilization.
8. A contingency was assumed to be 25% of all costs, including the baseline dredge cost.  The contingency accounts for additional project requirements and associated costs that

were not identified during this preliminary evaluation. These requirements and associated costs will be included in a detailed design.
9. Total relative costs do not include adjustments for inflation and are based on 2012 dollars.

10. These relative unit costs assume the option would accommodate 3 million CY.
11. These relative unit costs assume the option would accommodate 7 million CY.
12. These relative unit costs assume the option would accommodate 7 million CY.
13. These relative unit costs assume the option would accommodate 13 million CY.
14. These relative unit costs are an overall average of the combined options determined by the adding the total cost of all four options and dividing it by the total dredged material quantity of 30M CY.

Subtotal 2

Item # Description

Potential Sediment Management and Use Option
Single-Option Components Comprising the Combination Option

 Combination Option14

Subtotal 1

Subtotal 3

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who are
competent in construction cost estimating, possess a working knowledge of construction, and  capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential

funding values, but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Notes:

Subtotal 4

Subtotal 5

Relative unit costs ($/CY)
Total relative costs9

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0024.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-3

RELATIVE UNIT COST CALCULATIONS FOR THE BENEFICIAL USE SINGLE OPTION

1.0
1.1 Haul to Process Siteb 1 CY 30,000,000 CY 30,000,000 CY $5.50 $165,000,000 $5.50
1.2 Dewatering Costc 0.02 LF/SF 21,780,000 SF 435,600 LF $2.00 $871,200 $0.03
1.3 Additives (Lime)d 0.004 TON/CY 18,000,000 CY 77,005 TON $150 $11,550,750 $0.39
1.4 Blending / Mixinge 1 CY 18,000,000 CY 18,000,000 CY $1.50 $27,000,000 $0.90
1.5 Loadingf 1 CY 18,077,005 CY 18,077,005 CY $1.50 $27,115,508 $0.90
1.6 Material management plang 1 EA 1 EA 1 EA $50,000 $50,000 $<0.01

$231,587,458 $7.70
5.0
5.1 Property / Land - Processingh 1 AC 500 AC 500 AC $6,000 $3,000,000 $0.10

$3,000,000 $0.10
Total $234,587,458 $7.80

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
 assume each single-option would accommodate 30 million CY.

b. This item is based on a local round trip transportation price provided by local broker for a distance within 3 miles.
c. This item includes the cost to purchase and install a 4"-6" perforated drain tile every 50 feet on center on top of the existing surface of the

process site to collect water during the dewatering process.
d. This item includes the cost to add lime as an additive to the dredge material at a rate of 4 tons of lime per 935 CY of dredged material.
e. This item includes the cost of an operator and a piece of equipment (dozer) to mix the additive and sediment at the process site.
f. This item includes the cost of an operator and a piece of equipment (loader) to load the augmented material onto the recipient's truck.
g. This item includes the cost to prepare a material management plan.
h. This item includes the cost to purchase property at a local land value of $6,000 per acre to develop a process site.

Total Cost
Quantity per

Unit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of

probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Subtotal - 5.0 Habitat/site development

Subtotal - 1.0 Processing, hauling, handling

Processing, hauling, handling

Habitat/site development

Dredging
Unit Costa

Quantity per
Unit Unit Unit Unit CostItem # Description

Quantity per
Unit Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-4

2.0
2.1 Berms / Containment Structuresb 60,000 CY/EA 5 EA 300,000 CY $10 $3,000,000 $0.10

$3,000,000 $0.10
5.0
5.1 Drain Tilesc 0.02 LF/SF 127,575,000 SF 2,551,500 LF $3.00 $7,654,500 $0.26
5.2 Misc. Improvements /  Accessd 1 EA/YR 30 YR 30 EA $6,500 $195,000 $0.01
5.3 Booster Pump Facilitye 1 EA 8 EA 8 EA $50,000 $400,000 $0.01
5.4 Pump Costf 1 EA 8 EA 8 EA $100,000 $800,000 $0.03
5.5 Pump Operations (electric)g 680 KW/HR 33,333 HR 22,666,440 KWH $0.15 $3,399,966 $0.11
5.6 Upland HDPE Pipeh 5,280 FT/MI 15 MI 79,200 FT $200 $15,840,000 $0.53
5.7 Easement Costi 15 MI 2,376,000 SF 55 AC $6,000 $330,000 $0.01
5.8 On Site pipingj 3000 AC 4.69 SM 24,763 FT $100 $2,476,320 $0.08
5.9 Management/placement/pumpingk 3 EA 33,333 HR 100,000 HR $50 $5,000,000 $0.17

5.10 Land Rentall 3000 AC 3 YR 9,000 AC-YR $200 $1,800,000 $0.06
5.11 Land Cover (alfalfa)m 1 EA 3,000 AC 3,000 AC $100 $300,000 $0.01

$38,195,786 $1.30
7.0
7.1 Dredging for Rehandling Basinn 6,000 CY/VF 20 VF 120,000 CY $20 $2,400,000 $0.08
7.2 Dredging for Pipelineo 1 CY/LF 12,000 LF 12,000 CY $20 $240,000 $0.01
7.3 HDPE Pipep 1 LF 12,000 LF 12,000 LF $500 $6,000,000 $0.20
7.4 Concrete Ballast Weightsq 0.02 TON/LF 12,000 LF 240 TON $600 $144,000 <$0.01
7.5 Docking Structure (mounting pump)r 1 EA/PUMP 3 PUMP 3 EA $1,000,000 $3,000,000 $0.10
7.6 Pump Costs 30,000,000 CY 240,000 CY/MO 125 MO $12,000 $1,500,000 $0.05
7.7 Pump Operations (labor)t 1 MH 45,000 HR 45,000 HR $50 $2,250,000 $0.08
7.8 Pump Operations (diesel)u 23.4 GPH 45000 HR 1,053,000 GAL $4 $4,212,000 $0.14

$19,746,000 $0.70
Total $60,941,786 $2.10

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed each single-option would accommodate 30 million CY.
b. The item is based one square mile sites consisting of a perimeter containment berm with a volume determined by the perimeter length and a height of five feet max.
c. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.
d. This item includes the cost to develop an access point to the placement area each year for labor and maintenance crews, which consists of a 15' x 100' aggregate based access road, culvert and security gate.
e. This item includes the cost to install a booster pump facility for every two miles of  discharge line from the pump-out discharge point on land to the placement area.
f. This item includes the cost to purchase and maintain a pump at every booster pump facility within the discharge line from the pump-out discharge point on land to the placement area.

g. This item is based on typical local electrical rates to operate half of the booster pumps with minimal labor effort at a rate of 170 KW/HR (each) at an approximate dredging rate of 900 CY per hour.
h. This item includes the 18" HDPE pipe required to transfer material from the pump-out discharge point on land to the placement area, which assumes 15 miles of pipe and

three or more potential sites to accommodate the overall area required.
i. This item includes the cost to purchase easement property 30 feet wide by the length of the upland transportation pipe (15 miles) at a local land value of $6,000 per acre.
j. This item includes the additional length of one mile of 18" HDPE pipe for every square mile of placement area to transport the material throughout the site.

k. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 900 CY per hour.
l. This item includes the cost to rent the land at a local agricultural land value of $200 per acre per year during, an improvement period of three years.

m. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.
n. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $20/CY to dredge and place the material.
o. This item includes the cost to dredge an area below the lake bottom to install the discharge pipe from the pump-out area to the discharge point on land at an average rate of $20 per CY to dredge and place the material.
p. This item includes the installation of an 18" HDPE pipe, at an increased cost due to working in and/or below water, from the pump-out area to the discharge point on land.
q. This item includes the cost of installing a 40 pound concrete weight every lineal foot to prevent the pipe from floating or moving.
r. This item includes the installation of a permanent structure to accommodate the pumps, tie off barges and/or provide lighting, etc.
s. This item is based on a pump rental cost for each of the three pumps, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
t. This item includes a 1-man crew, at a rate of $50 per hour, to operate the pumps 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.

u. This item is based on typical local fuel rates to operate the 18" diesel pumps at a rate of 23.4 gallons per hour 12 hours per day and 30 days per month, during the placement
process at an approximate dredging rate of 240,000 CY per month.

Unit Dredging Unit Costa

Subtotal - 7.0 Pump-out area development

Subtotal - 5.0 Habitat/site development

Containment structure (dike)

Subtotal - 2.0 Containment structure (dike)

Pump-out area development

Quantity per Unit

Habitat/site development

RELATIVE UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENTS (5-MILE) SINGLE OPTION

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of

probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Item # Quantity per Unit Unit Unit Unit CostDescription Total CostQuantity per Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-5

2.0
2.1 Berms / Containment Structuresb 60,000 CY/EA 5 EA 300,000 CY $10 $3,000,000 $0.10

$3,000,000 $0.10
5.0
5.1 Drain Tilesc 0.02 LF/SF 127,575,000 SF 2,551,500 LF $3 $7,654,500 $0.26
5.2 Misc. Improvements /  Accessd 1 EA/YR 30 YR 30 EA $6,500 $195,000 $0.01
5.3 Booster Pump Facilitye 1 EA 15 EA 15 EA $50,000 $750,000 $0.03
5.4 Pump Costf 1 EA 15 EA 15 EA $100,000 $1,500,000 $0.05
5.5 Pump Operations (electric)g 1,275 KW/HR 33,333 HR 42,499,575 KWH $0.15 $6,375,000 $0.21
5.6 Upland HDPE Pipeh 5,280 FT/MI 30 MI 158,400 FT $200 $31,680,000 $1.06
5.7 Easement Costi 30 MI 4,752,000 SF 109 AC $6,000 $654,000 $0.02
5.8 On Site pipingj 3000 AC 4.69 SM 24,763 FT $100 $2,476,320 $0.08
5.9 Management/placement/pumpingk 3 EA 33,333 HR 100,000 HR $50 $5,000,000 $0.17

5.10 Land Rentall 3000 AC 3 YR 9,000 AC-YR $200 $1,800,000 $0.06
5.11 Land Cover (alfalfa)m 1 EA 3,000 AC 3,000 AC $100 $300,000 $0.01

$58,384,820 $1.90
7.0
7.1 Dredging for Rehandling Basinn 6,000 CY/VF 20 VF 120,000 CY $20 $2,400,000 $0.08
7.2 Dredging for Pipelineo 1 CY/LF 12,000 LF 12,000 CY $20 $240,000 $0.01
7.3 HDPE Pipep 1 LF 12,000 LF 12,000 LF $500 $6,000,000 $0.20
7.4 Concrete Ballast Weightsq 0.02 TON/LF 12,000 LF 240 TON $600 $144,000 <$0.01
7.5 Docking Structure (mounting pump)r 1 EA/PUMP 3 PUMP 3 EA $1,000,000 $3,000,000 $0.10
7.6 Pump Costs 30,000,000 CY 240,000 CY/MO 125 MO $12,000 $1,500,000 $0.05
7.7 Pump Operations (labor)t 1 MH 45,000 HR 45,000 HR $50 $2,250,000 $0.08
7.8 Pump Operations (diesel)u 23.4 GPH 45,000 HR 1,053,000 GAL $4 $4,212,000 $0.14

$19,746,000 $0.70
Total $81,130,820 $2.70

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed each single-option would accommodate 30 million CY.
b. The item is based one square mile sites consisting of a perimeter containment berm with a volume determined by the perimeter length and a height of five feet max.
c. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.
d. This item includes the cost to develop an access point to the placement area each year for labor and maintenance crews, which consists of a 15' x 100' aggregate based access road, culvert and security gate.
e. This item includes the cost to install a booster pump facility for every two miles of  discharge line from the pump-out discharge point on land to the placement area.
f. This item includes the cost to purchase and maintain a pump at every booster pump facility within the discharge line from the pump-out discharge point on land to the placement area.

g. This item is based on typical local electrical rates to operate half of the booster pumps with minimal labor effort at a rate of 170 KW/HR (each) at an approximate dredging rate of 900 CY per hour.
h. This item includes the 18" HDPE pipe required to transfer material from the pump-out discharge point on land to the placement area, which assumes 15 miles of pipe and

three or more potential sites to accommodate the overall area required.
i. This item includes the cost to purchase easement property 30 feet wide by the length of the upland transportation pipe (30 miles) at a local land value of $6,000 per acre.
j. This item includes the additional length of one mile of 18" HDPE pipe for every square mile of placement area to transport the material throughout the site.

k. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 900 CY per hour.
l. This item includes the cost to rent the land at a local agricultural land value of $200 per acre per year during, an improvement period of three years.

m. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.
n. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $20 per CY to dredge and place the material.
o. This item includes the cost to dredge an area below the lake bottom to install the discharge pipe from the pump-out area to the discharge point on land at an average rate of $20 per CY to dredge and place the material.
p. This item includes the installation of an 18" HDPE pipe, at an increased cost due to working in and/or below water, from the pump-out area to the discharge point on land.
q. This item includes the cost of installing a 40 pound concrete weight every lineal foot to prevent the pipe from floating or moving.
r. This item includes the installation of a permanent structure to accommodate the pumps, tie off barges and/or provide lighting, etc.
s. This item is based on a pump rental cost for each of the three pumps, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
t. This item includes a 1-man crew, at a rate of $50 per hour, to operate the pumps 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.

u. This item is based on typical local fuel rates to operate the 18" diesel pumps at a rate of 23.4 gallons per hour 12 hours per day and 30 days per month, during the placement process
at an approximate dredging rate of 240,000 CY per month.

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of professionals who are competent in construction cost estimating,
possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the

requirements of the QAPP and suitable for relative comparison.

Item # Description Total CostUnit Unit CostQuantity per Unit Unit Quantity per Unit

Pump-out area development

RELATIVE UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENTS (10-MILE) SINGLE OPTION

Subtotal - 7.0 Pump-out area development

Unit Quantity per Unit

Subtotal - 5.0 Habitat/site development

Containment structure (dike)

Subtotal - 2.0 Containment structure (dike)
Habitat/site development

Dredging Unit
Costa

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-6

RELATIVE UNIT COST CALCULATIONS FOR THE WETLAND RESTORATION/SHORELINE PROTECTION SINGLE OPTION

2.0
2.1 Core Stone 7.5 TON/LF 51,000 LF 382,500 TON $50 $19,125,000 $0.64

$19,125,000 $0.60
4.0
4.1 1 ton Armor Stone - North Dike 8 TON/LF 19,400 LF 155,200 TON $100 $15,520,000 $0.52
4.2 200 lb. Underlayer Stone -North Dike 4 TON/LF 19,400 LF 77,600 TON $90 $6,984,000 $0.23

$22,504,000 $0.80
5.0
5.1 Land / Habitat Improvementsc 1 AC/SM 2,650 AC 2,650 AC $1,000 $2,650,000 $0.09
5.2 Pump Costd 30,000,000 CY 240,000 CY/MO 125 MO $4,000 $500,000 $0.02
5.3 Pump Operations (electric)e 230 KW/HR 45,000 HR 10,350,000 KWH $0.15 $1,552,500 $0.05
5.4 On Site pipingf 2650 AC 4.14 SM 30,859 LF $100 $3,085,920 $0.10
5.5 Management/placement/pumpingg 3 EA 33,333 HR 99,999 HR $50 $4,999,950 $0.17

$12,788,370 $0.40
7.0
7.1 Dredging for Rehandling Basinh 6,000 CY/VF 20 VF 120,000 CY $20 $2,400,000 $0.08
7.2 Dredging for Pipelinei 1 CY/LF 12,000 LF 12,000 CY $20 $240,000 $0.01
7.3 HDPE Pipej 1 LF 12,000 LF 12,000 LF $500 $6,000,000 $0.20
7.4 Concrete Ballast Weightsk 0.02 TON/LF 12,000 LF 240 TON $600 $144,000 <$0.01
7.5 Docking Structure (mounting pump)l 1 EA/PUMP 3 PUMP 3 EA $1,000,000 $3,000,000 $0.10
7.6 Pump Costm 30,000,000 CY 240,000 CY/MO 125 MO $12,000 $1,500,000 $0.05
7.7 Pump Operations (labor)n 1 MH 45,000 HR 45,000 HR $50 $2,250,000 $0.08
7.8 Pump Operations (diesel)o 23.4 GPH 45,000 HR 1,053,000 GAL $4 $4,212,000 $0.14

$19,746,000 $0.70
Total $74,163,370 $2.50

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo

Notes:
AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed each single-option would accommodate 30 million CY.
Costs per CY assumed each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c. This item includes an initial cost to develop an emergent habitat that will be self-sufficient. The unit cost of $2,000 was suggested by a professional wetland scientist familiar with the implementing similar habitats.
d. This item is based on a pump rental cost, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
e. This item is based on typical local electrical rates to operate the pump with minimal labor effort.
f.

g. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 900 CY per hour.
h. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $20 per CY to dredge and place the material.
i. This item includes the cost to dredge an area below the lake bottom to install the discharge pipe from the pump-out area to the discharge point on land at an average dredge and placement rate of $20 per CY.
j. This item includes the installation of an 18" HDPE pipe, at an increased cost due to working in and/or below water, from the pump-out area to the discharge point on land.
k. This item includes the cost of installing a 40 pound concrete weight every lineal foot to prevent the pipe from floating or moving.
l. This item includes the installation of a permanent structure to accommodate the pumps, tie off barges and/or provide lighting, etc.

m. This item is based on a pump rental cost for each of the three pumps, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
n. This item includes a 1-man crew, at a rate of $50 per hour, to operate the pumps 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.
o.

Pump-out area development

Habitat/site development

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of

probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

This item is based on typical local fuel rates to operate the 18" diesel pumps at a rate of 23.4 gallons per hour 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY
per month.

This item includes the length of 18" HDPE pipe (9,000 feet) required to transfer material from the pump-out discharge point on land to the placement area. This item also includes an additional length of one mile of pipe for every
square mile of placement area to transport the material throughout the site.

Subtotal - 7.0 Pump-out area development

Quantity per
UnitQuantity per Unit Unit

Quantity per
Unit Unit

Subtotal - 5.0 Habitat/site development

Dredging Unit
CostaUnit Unit CostItem # Description

Subtotal - 4.0 Containment structure (slope protection)

Containment structure (slope protection)b

Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

Total Cost

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-7

RELATIVE UNIT COST CALCULATIONS FOR THE SUBMERGED HRU (DEEP WATER) SINGLE OPTION

2.0
2.1 Core Stone 15 TON/LF 40,600 LF 609,000 TON $50 $30,450,000 $1.02

$30,450,000 $1.00
3.0
3.1 Composite Cap

c
2,325 AC 100% AC/AC 2,325 AC $174,240 $405,108,000 $13.50

$405,108,000 $13.50
4.0
4.1 300 pound Armor Stone - All Dikes 5 TON/LF 40,600 LF 203,000 TON $100 $20,300,000 $0.68

$20,300,000 $0.70
Total $455,858,000 $15.20

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c.

Total Cost
Dredging Unit

Costa
Quantity per

Unit
Quantity per

Unit Unit
Quantity
per Unit UnitItem # Description Unit Unit Cost

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion

of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

This item includes the use of a composite material to cap the entire (100%) placement area. The unit cost of $4 per square foot ($174,240 per acre) was suggested by the
manufacturer familiar with the installation of such material.

Subtotal - 2.0 Containment structure (dike)
Containment structure (cap)

Subtotal - 3.0 Containment structure (cap)

Subtotal - 4.0 Containment structure (slope protection)

Containment structure (slope protection)b

Containment structure (dike)b

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-8

RELATIVE UNIT COST CALCULATIONS FOR THE SUBMERED HRU (SHALLOW WATER) SINGLE OPTION

2.0
2.1 Core Stone 3.5 TON/LF 80,900 LF 242,700 TON $50 $12,135,000 $0.40

$12,135,000 $0.40
3.0
3.1 Composite Cap

c
9,300 AC 50% AC/AC 4,650 AC $174,240 $810,216,000 $27.01

$810,216,000 $27.00
4.0
4.1 300 pound Armor Stone - All Dikes 2 TON/LF 80,900 LF 161,800 TON $100 $16,180,000 $0.54

$16,180,000 $0.50
Total $838,531,000 $27.90

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c.

Description Total Cost
Quantity
per Unit

Quantity
per Unit Unit CostUnit

Quantity
per Unit UnitUnit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the
supervision of professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared

estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Dredging Unit
CostaItem #

Containment structure (slope protection) b

Containment structure (cap)

Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

This item includes the use of a composite material to cap the entire (100%) placement area. The unit cost of $4 per square foot ($174,240 per acre) was suggested by the
manufacturer familiar with the installation of such material.

Subtotal - 3.0 Containment structure (cap)

Subtotal - 4.0 Containment structure (slope protection)

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-9

2.0
2.1 Core Stone 225 TON/LF 16,800 LF 3,780,000 TON $50 $189,000,000 $6.30

$189,000,000 $6.30
4.0
4.1 9 ton Armor Stone - East Dike 45 TON/LF 4,200 LF 189,000 TON $100 $18,900,000 $0.63
4.2 3 ton Armor Stone - North Dike 29 TON/LF 4,200 LF 121,800 TON $100 $12,180,000 $0.41
4.3 1 ton Armor Stone - West Dike 18 TON/LF 4,200 LF 75,600 TON $100 $7,560,000 $0.25
4.4 1 ton Armor Stone - South Dike 18 TON/LF 4,200 LF 75,600 TON $100 $7,560,000 $0.25
4.5 First Underlayer Stone - East Dike 21 TON/LF 4,200 LF 88,200 TON $90 $7,938,000 $0.26
4.6 First Underlayer Stone -North Dike 13 TON/LF 4,200 LF 54,600 TON $90 $4,914,000 $0.16
4.7 Second Underlayer Stone - East Dike 10 TON/LF 4,200 LF 42,000 TON $80 $3,360,000 $0.11
4.8 Second Underlayer Stone -North Dike 6 TON/LF 4,200 LF 25,200 TON $80 $2,016,000 $0.07
4.9 Underlayer Stone - West Dike 7 TON/LF 4,200 LF 29,400 TON $90 $2,646,000 $0.09

4.10 Underlayer Stone - South Dike 7 TON/LF 4,200 LF 29,400 TON $90 $2,646,000 $0.09
$69,720,000 $2.30

5.0
5.1 Land / Habitat Improvements

c
1 EA 405 AC 405 AC $2,000 $810,000 $0.03

$810,000 $0.10
Total $259,530,000 $8.70

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c.

Item # Description

Subtotal - 5.0 Habitat/site development

Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

Subtotal - 4.0 Containment structure (slope protection)

Total Cost
Quantity
per Unit Unit

Quantity
per Unit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision
of professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an

opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

RELATIVE UNIT COST CALCULATIONS FOR THE EMERGENT HRU (DEEP WATER) SINGLE OPTION

This item includes an initial cost to develop an emergent habitat that will be self-sufficient. The unit cost of $2,000 was suggested by a professional wetland scientist
familiar with implementing similar habitats.

Containment structure (slope protection)b

Unit
Quantity
per Unit Unit

Unit
Cost

Dredging Unit
Costa

Habitat/site development

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-10

RELATIVE UNIT COST CALCULATIONS FOR THE EMERGENT HRU (SHALLOW WATER) SINGLE OPTION

2.0
2.1 Core Stone 60 TON/LF 31,300 LF 1,878,000 TON $50 $93,900,000 $3.13

$93,900,000 $3.10
4.0
4.1 5.5 ton Armor Stone - East Dike 17 TON/LF 5,100 LF 86,700 TON $100 $8,670,000 $0.29
4.2 1.7 ton Armor Stone - North Dike 6 TON/LF 10,550 LF 63,300 TON $100 $6,330,000 $0.21
4.3 50 lb. Armor Stone - South Dike 5 TON/LF 10,550 LF 52,750 TON $100 $5,275,000 $0.18
4.4 First Underlayer Stone - East Dike 8 TON/LF 5,100 LF 40,800 TON $90 $3,672,000 $0.12
4.5 First Underlayer Stone -North Dike 3 TON/LF 10,550 LF 31,650 TON $90 $2,848,500 $0.09
4.6 Second Underlayer Stone - East Dike 3 TON/LF 5,100 LF 15,300 TON $80 $1,224,000 $0.04

$28,019,500 $0.90
5.0
5.1 Land / Habitat Improvements

c
1 EA 1,200 AC 1,200 AC $2,000 $2,400,000 $0.08

$2,400,000 $0.10
Total $124,319,500 $4.10

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c.

Dredging Unit CostaUnit

Subtotal - 5.0 Habitat/site development

Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

Habitat/site development
Subtotal - 4.0 Containment structure (slope protection)

Containment structure (slope protection)b

Unit Cost

This item includes an initial cost to develop an emergent habitat that will be self-sufficient. The unit cost of $2,000 was suggested by a professional wetland scientist familiar
with implementing similar habitats.

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion

of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Item # Description Total Cost
Quantity
per Unit

Quantity
per Unit Unit

Quantity
per Unit Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-11

RELATIVE UNIT COST CALCULATIONS FOR THE NEW CDF SINGLE OPTION

2.0
2.1 Core Stone 150 TON/LF 20,800 LF 3,120,000 TON $50 $156,000,000 $5.20

$156,000,000 $5.20
4.0
4.1 5.5 ton Armor Stone - East Dike 17 TON/LF 3,500 LF 59,500 TON $100 $5,950,000 $0.20
4.2 1.7 ton Armor Stone - North Dike 6 TON/LF 6,900 LF 41,400 TON $100 $4,140,000 $0.14
4.3 50 lb. Armor Stone - South Dike 5 TON/LF 6,900 LF 34,500 TON $100 $3,450,000 $0.12
4.4 First Underlayer Stone - East Dike 8 TON/LF 3,500 LF 28,000 TON $90 $2,520,000 $0.08
4.5 First Underlayer Stone -North Dike 3 TON/LF 6,900 LF 20,700 TON $90 $1,863,000 $0.06

4.6 Second Underlayer Stone - East Dike 3 TON/LF 3,500 LF 10,500 TON $80 $840,000 $0.03
$18,763,000 $0.60

Total $174,763,000 $5.80

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.

Unit
Quantity per

Unit
Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

Dredging Unit CostaUnit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision
of professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an

opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Unit
Cost

Containment structure (slope protection)b

Item # Description Total Cost

Subtotal - 4.0 Containment structure (slope protection)

Quantity
per Unit Unit

Quantity
per Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-12

RELATIVE UNIT COST CALCULATIONS FOR THE OPEN-LAKE PLACEMENT WITH CONTROLS SINGLE OPTION

5.0
5.1 Site Preparationb 1 EA 1 EA 1 EA $5,000 $5,000 $<0.01
5.2 Storage Facilityb 1 EA 1 EA 1 EA $60,000 $60,000 $<0.01
5.3 Testing Dosageb 1 EA 1 EA 1 EA $7,000 $7,000 $<0.01

$72,000 $<0.10
6.0
6.1 Alum Tankc 1 EA 1 EA 1 EA $27,000 $27,000 $<0.10
6.2 2" Pump - Alum Solutionc 1 EA 1 EA 1 EA $2,000 $2,000 $<0.10
6.3 Alum Cost - Materialc 0.006 TON/TON 15,750,000 TON 94,500 TON $325 $30,712,500 $1.02
6.4 Alum Cost - Shippingc,d 30,000,000 CY 8,000 CY/DAY 3,750 DAY $1,000 $3,750,000 $0.13
6.5 Applying Alumd,e 30,000,000 CY 8,000 CY/DAY 3,750 DAY $900 $3,375,000 $0.11
6.6 Mixing / Loading Alumf 30,000,000 CY 8,000 CY/DAY 3,750 DAY $1,950 $7,312,500 $0.24

$45,179,000 $1.50
8.0
8.1 Bentonite Cost - Materialc 0.0005 TON/TON 15,750,000 TON 7,875 TON $225 $1,771,875 $0.06
8.2 Bentonite Cost - Shippingc 30,000,000 CY 8,000 CY/DAY 3,750 DAY $1,000 $3,750,000 $0.13
8.3 Applying Bentonited,e 30,000,000 CY 8,000 CY/DAY 3,750 DAY $900 $3,375,000 $0.11
8.4 Mixing / loading Bentonitef 30,000,000 CY 8,000 CY/DAY 3,750 DAY $1,950 $7,312,500 $0.24

$16,209,375 $0.50
Total $61,460,375 $2.00

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume each single-option would accommodate 30 million CY.

b. This item was based on information acquired from historical records and/or professional judgment.
c. This item was based on information acquired from a local supplier.
d. This item is based on a dredging rate of 8,000 CY per day.
e. This item includes a 3-man crew, at a rate of $50 per hour per man, to apply the solution or material for 6 hours during a typical dredging day.
f.

Habitat/site development

Quantity per
Unit Unit

Quantity per
Unit Unit

Quantity per
Unit

Dredging Unit
CostaUnit Unit Cost

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of
professionals who are competent in construction cost estimating, possess a working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of

probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Item # Description

Subtotal - 5.0 Habitat/site development
Nutrient loading controls

Subtotal - 8.0 Capping

Subtotal - 6.0 Nutrient loading controls
Capping

This item includes a 2-man crew and a piece of equipment (backhoe), at a rate of $195 per hour, to mix and load the solution or material for 10 hours during a typical dredging
day.

Total Cost

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0025.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-13

RELATIVE UNIT COST CALCULATIONS FOR THE BENEFICIAL USE COMBINATION OPTION

1.0
1.1 Haul to Process Siteb 1 CY 3,000,000 CY 3,000,000 CY $3.50 $10,500,000 $3.50
1.2 Dewatering Costc 0.02 LF/SF 2,178,000 SF 43,560 LF $2.00 $87,120 $0.03
1.3 Additives (Lime)d 0.004 TON/CY 1,800,000 CY 7,701 TON $150 $1,155,080 $0.39
1.4 Blending / Mixinge 1 CY 1,800,000 CY 1,800,000 CY $1.50 $2,700,000 $0.90
1.5 Loadingf 1 CY 1,807,700 CY 1,807,700 CY $1.50 $2,711,550 $0.90
1.6 Material management plang

1 EA 1 EA 1 EA $50,000 $50,000 $0.02
$17,203,750 $5.70

5.0
5.1 Property / Land - Processingh

1 AC 50 AC 50 AC $6,000 $300,000 $0.10
$300,000 $0.10

Total $17,503,750 $5.80

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY
assume this option would accommodate 3 million CY.

b. This item is based on a local round trip transportation price provided by local broker for a distance within 2 miles.
c.

to collect water during the dewatering process.
d. This item includes the cost to add lime as an additive to the dredge material at a rate of 4 tons of lime per 935 CY of dredged material.
e. This item includes the cost of an operator and a piece of equipment (dozer) to mix the additive and sediment at the process site.
f. This item includes the cost of an operator and a piece of equipment (loader) to load the augmented material onto the recipients truck.
g. This item includes the cost to prepare a material management plan.
h. This item includes the cost to purchase property at a local land value of $6,000 per acre to develop a process site.

Item # Description Total Cost
Dredging Unit

CostaUnit Unit Cost
Quantity
per Unit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who are competent
in construction cost estimating, possess a working knowledge of construction, and  capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values,

but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Unit

Subtotal - 5.0 Habitat/site development

Subtotal - 1.0 Processing, hauling, handling

Processing, hauling, handling

Habitat/site development

This item includes the cost to purchase and install a 4"-6" perforated drain tile every 50 feet on center on top of the existing surface of the process site

Quantity per
Unit Unit

Quantity
per Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0026.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-14

RELATIVE UNIT COST CALCULATIONS FOR THE WETLAND RESTORATION/SHORELINE PROTECTION COMBINATION OPTION

2.0
2.1 Core Stone 5 CY/LF 25,400 LF 190,500 TON $50 $9,525,000 $1.36

$9,525,000 $1.40
4.0
4.1 1 ton Armor Stone - North Dike 8 TON/LF 10,000 LF 80,000 TON $100 $8,000,000 $1.14
4.2 200 lb. Underlayer Stone -North Dike 4 TON/LF 10,000 LF 40,000 TON $90 $3,600,000 $0.51

$11,600,000 $1.70
5.0
5.1 Land / Habitat Improvementsc 1 AC/SM 620 AC 620 AC $1,000 $620,000 $0.09
5.2 Pump Costd 7,000,000 CY 240,000 CY/MO 29 MO $4,000 $116,667 $0.02
5.3 Pump Operations (electric)e 115 KW/HR 13,622 HR 1,566,486 KWH $0.15 $234,973 $0.03
5.4 On Site pipingf 640 AC/SM 0.97 MI 14,115 LF $100 $1,411,500 $0.20
5.5 Management/placement/pumpingg 3 EA 7,778 HR 23,333 HR $50 $1,166,667 $0.17

$3,549,807 $0.50
7.0
7.1 Dredging for Rehandling Basinh 4,000 CY/VF 20 VF 120,000 CY $10 $800,000 $0.06
7.2 Dredging for Pipelinei 1 CY/LF 12,000 LF 12,000 CY $10 $120,000 $0.01
7.3 HDPE Pipej 1 LF 12,000 LF 12,000 LF $500 $6,000,000 $0.43
7.4 Concrete Ballast Weightsk 0.02 TON/LF 12,000 LF 240 TON $600 $144,000 $0.01
7.5 Docking Structure (mounting pump)l 1 EA/PUMP 2 PUMP/YR 30 YR $30,000 $900,000 $0.06
7.6 Pump Costm 7,000,000 CY 240,000 CY/MO 29 MO $8,000 $232,000 $0.03
7.7 Pump Operations (labor)n 1 MH 8,700 HR 8,700 HR $50 $435,000 $0.06
7.8 Pump Operations (diesel)o 15.6 GPH 8,700 HR 135,720 GAL $4 $542,880 $0.08

$9,173,880 $0.70
Total $33,848,687 $4.30

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed this option would accommodate 7 million CY.
b. This item is based on a material and installation price provided by a local marine contractor familiar with the construction requirements.
c. This item includes an initial cost to develop an emergent habitat that will be self-sufficient. The unit cost of $2,000 was suggested by a professional wetland scientist familiar with the implementing similar habitats.
d. This item is based on a pump rental cost, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
e. This item is based on typical local electrical rates to operate the pump with minimal labor effort.
f. This item includes the 18" HDPE pipe required to transfer material from the pump-out discharge point on land to the placement area. This item also includes an additional length of one mile of

pipe for every square mile of placement area to transport the material throughout the site.
g. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 900 CY per hour.
h. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $20 per CY to dredge and place the material.
i. This item includes the cost to dredge an area below the lake bottom to install the discharge pipe from the pump-out area to the discharge point on land at an average rate of $20 per CY to dredge and place the material.
j. This item includes the installation of an 18" HDPE pipe, at an increased cost due to working in and/or below water, from the pump-out area to the discharge point on land.

k. This item includes the cost of installing a 40 pound concrete weight every lineal foot to prevent the pipe from floating or moving.
l. This item includes the installation of a permanent structure to accommodate the pumps, tie off barges and/or provide lighting, etc.

m. This item is based on a pump rental cost for each of the three pumps, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
n. This item includes a 1-man crew, at a rate of $50 per hour, to operate the pumps 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.
o. This item is based on typical local fuel rates to operate the 18" diesel pumps at a rate of 23.4 gallons per hour 12 hours per day and 30 days per month, during the

placement process at an approximate dredging rate of 240,000 CY per month.
p. The infrastructure cost is split between all options (agricultural field improvements and wetland restoration/shoreline protection) that will use the pipeline.

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who are competent in construction cost estimating, possess a working
knowledge of construction, and  capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values, but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Unit

Subtotal - 7.0 Pump-out area development

Subtotal - 5.0 Habitat/site development

Containment structure (dike)b

Subtotal - 2.0 Containment structure (dike)

Item # Description Total CostQuantity per Unit Dredging Unit CostaUnit Unit CostQuantity per Unit

Pump-out area developmentp

Habitat/site development
Subtotal - 4.0 Containment structure (slope protection)

Containment structure (slope protection)b

Unit Quantity per Unit

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0026.XLS
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE H-15

RELATIVE UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENTS (10-MILE) COMBINATION OPTION

2.0
2.1 Berms / Containment Structuresb 60,000 CY/EA 1 EA 64,066 CY $10 $640,657 $0.09

$640,657 $0.10
5.0
5.1 Drain Tilesc 0.02 LF/SF 29,767,500 SF 595,350 LF $3 $1,786,050 $0.26
5.2 Misc. Improvements /  Accessd 1 EA/YR 30 YR 30 EA $4,000 $120,000 $0.02
5.3 Booster Pump Facilitye 1 EA 3 EA 3 EA $50,000 $150,000 $0.02
5.4 Pump Costf 1 EA 3 EA 3 EA $100,000 $300,000 $0.04
5.5 Pump Operations (electric)g 255 KW/HR 7,778 HR 1,983,333 KWH $0.15 $297,500 $0.04
5.6 Upland HDPE Pipeh 5,280 FT/MI 10 MI 52,800 FT $200 $10,560,000 $1.51
5.7 Easement Costi 10 MI 1,584,000 SF 36 AC $6,000 $218,182 $0.03
5.8 On Site pipingj 685 AC 1.07 SM 5,650 FT $100 $564,960 $0.08
5.9 Management/placement/pumpingk 3 EA 7,778 HR 23,333 HR $50 $1,166,667 $0.17
5.10 Land Rentall 685 AC 3 YR 2,055 AC-YR $200 $411,000 $0.06
5.10 Land Cover (alfalfa)m 1 EA 685 AC 685 AC $100 $68,500 $0.01

$15,642,859 $2.20
7.0
7.1 Dredging for Rehandling Basinn 4,000 CY/VF 20 VF 120,000 CY $10 $800,000 $0.06
7.2 Dredging for Pipelineo 1 CY/LF 12,000 LF 12,000 CY $10 $120,000 $0.01
7.3 HDPE Pipep 1 LF 12,000 LF 12,000 LF $500 $6,000,000 $0.43
7.4 Concrete Ballast Weightsq 0.02 TON/LF 12,000 LF 240 TON $600 $144,000 $0.01
7.5 Docking Structure (mounting pump)r 1 EA/PUMP 2 PUMP/YR 30 YR $30,000 $900,000 $0.06
7.6 Pump Costs 7,000,000 CY 240,000 CY/MO 29 MO $8,000 $232,000 $0.03
7.7 Pump Operations (labor)t 1 MH 8,700 HR 8,700 HR $50 $435,000 $0.06
7.8 Pump Operations (diesel)u 15.6 GPH 8,700 HR 135,720 GAL $4 $542,880 $0.08

$9,173,880 $0.70
Total $25,457,396 $3.00

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assumed this option would accommodate 7 million CY.
b. The item is based one square mile sites consisting of a perimeter containment berm with a volume determined by the perimeter length and a height of five feet max.
c. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.
d. This item includes the cost to develop an access point to the placement area each year for labor and maintenance crews, which consists of a 15' x 100' aggregate based access road, culvert and security gate.
e. This item includes the cost to install a booster pump facility for every two miles of  discharge line from the pump-out discharge point on land to the placement area.
f. This item includes the cost to purchase and maintain a pump at every booster pump facility within the discharge line from the pump-out discharge point on land to the placement area.
g. This item is based on typical local electrical rates to operate half of the booster pumps with minimal labor effort at a rate of 170 KW/HR (each) at an approximate dredging rate of 900 CY per hour.
h. This item includes the 18" HDPE pipe required to transfer material from the pump-out discharge point on land to the placement area, which assumes 15 miles of pipe and three or more potential sites to accommodate the overall area required.
i. This item includes the cost to purchase easement property 30 feet wide by the length of the discharge line (10 miles) at a local land value of $6,000 per acre.
j. This item includes the additional length of one mile of 18" HDPE pipe for every square mile of placement area to transport the material throughout the site.
k. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 900 CY per hour.
l. This item includes the cost to rent the land at a local agricultural land value of $200 per acre per year during, an improvement period of three years.

m. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.
n. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $20 per CY to dredge and place the material.
o. This item includes the cost to dredge an area below the lake bottom to install the discharge pipe from the pump-out area to the discharge point on land at an average rate of $20 per CY to dredge and place the material.
p. This item includes the installation of an 18" HDPE pipe, at an increased cost due to working in and/or below water, from the pump-out area to the discharge point on land.
q. This item includes the cost of installing a 40 pound concrete weight every lineal foot to prevent the pipe from floating or moving.
r. This item includes the installation of a permanent structure to accommodate the pumps, tie off barges and/or provide lighting, etc.
s. This item is based on a pump rental cost for each of the three pumps, but could be purchased overtime and would include costs associated with maintenance, repairs and/or replacements.
t. This item includes a 1-man crew, at a rate of $50 per hour, to operate the pumps 10 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.
u. This item is based on typical local fuel rates to operate the 18" diesel pumps at a rate of 15.6 gallons per hour 10 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 240,000 CY per month.
v. The infrastructure cost is split between all options (agricultural field improvements and wetland restoration/shoreline protection) that will use the pipeline.

Item # Description Total CostQuantity per UnitQuantity per Unit Unit Quantity per Unit Unit Dredging Unit CostaUnit Unit Cost

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who are competent in construction cost estimating, possess a working knowledge of construction, and
capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values, but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Pump-out area developmentv

Subtotal - 7.0 Pump-out area development

Subtotal - 5.0 Habitat/site development

Containment structure (dike)

Subtotal - 2.0 Containment structure (dike)
Habitat/site development

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0026.XLS
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TABLE H-16

RELATIVE UNIT COST CALCULATIONS FOR THE OPEN-LAKE PLACEMENT WITH CONTROLS COMBINATION OPTION

5.0
5.1 Site Preparationb 1 EA 1 EA 1 EA $5,000 $5,000 $<0.01
5.2 Storage Facilityb 1 EA 1 EA 1 EA $60,000 $60,000 $<0.01
5.3 Testing Dosageb

1 EA 1 EA 1 EA $7,000 $7,000 $<0.01
$72,000 $<0.10

6.0
6.1 Alum Tankc 1 EA 1 EA 1 EA $27,000 $27,000 $<0.01
6.2 2" Pump - Alum Solutiond 1 EA 1 EA 1 EA $2,000 $2,000 $<0.01
6.3 Alum Cost - Materiale 0.006 TON/TON 6,825,000 TON 40,245 TON $325 $13,079,544 $1.01
6.4 Alum Cost - Shippingc,d 13,000,000 CY 8,000 CY/DAY 1,625 DAY $1,000 $1,625,000 $0.13
6.5 Applying Alumd,e 13,000,000 CY 8,000 CY/DAY 1,625 DAY $900 $1,462,500 $0.11
6.6 Mixing / Loading Alumf

13,000,000 CY 8,000 CY/DAY 1,625 DAY $1,950 $3,168,750 $0.24
$19,364,794 $1.50

8.0
8.1 Bentonite Cost - Materialc 0.0005 TON/TON 6,825,000 TON 3,413 TON $225 $767,813 $0.06
8.2 Bentonite Cost - Shippingc 13,000,000 CY 8,000 CY/DAY 1,625 DAY $1,000 $1,625,000 $0.13
8.3 Applying Bentonited,e 13,000,000 CY 8,000 CY/DAY 1,625 DAY $900 $1,462,500 $0.11
8.4 Mixing / loading Bentonite f

13,000,000 CY 8,000 CY/DAY 1,625 DAY $1,950 $3,168,750 $0.24
$7,024,063 $0.50

Total $26,460,857 $2.00

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

a. Subtotal unit cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10. Costs per CY assume
this option would accommodate 13 million CY.

b. This item was based on information acquired from historical records and/or professional judgment.
c. This item was based on information acquired from a local supplier.
d. This item is based on a dredging rate of 8,000 CY per day.
e. This item includes a 3-man crew, at a rate of $50 per hour per man, to apply the solution or material for 6 hours during a typical dredging day.
f.

Unit Unit CostItem # Description
Quantity
per Unit

Quantity per
Unit Unit

Quantity
per Unit Unit

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by, and reviewed under the supervision of, professionals who are competent
in construction cost estimating, possess a working knowledge of construction, and  capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values,

but they are of sufficient detail to fulfill the requirements of the QAPP and suitable for relative comparison.

Habitat/site development

Dredging Unit
Costa

Subtotal - 5.0 Habitat/site development
Nutrient loading controls

Subtotal - 8.0 Capping

Subtotal - 6.0 Nutrient loading controls
Capping

This item includes a 2-man crew and a piece of equipment (backhoe), at a rate of $195 per hour, to mix and load the solution or material for 10 hours during a typical dredging day.

Total Cost

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
TPA044.100.0026.XLS
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Open-Lake Placement of Dredged Material with Controls: A Method to Reduce 
Phosphorus and Turbidity 

 
1.0 INTRODUCTION 
While the U.S. Army Corps of Engineers (USACE) maintains that open lake placement is the 

most economically feasible sediment management alternative that meets to federal guidelines, 

the State of Ohio and other stakeholders have concerns about potential environmental impacts 

attributed to current open-lake placement practices.  Specifically, increased turbidity and the re-

suspension of nutrient-laden sediment during open-lake placement increase the relative 

bioavailability of phosphorus, which can promote the development of harmful algal blooms. 

 

Harmful algal blooms, which include the toxic and non-toxic forms of Microcystis aerunginosa, a 

blue-green algae, have been increasing during the summer in Lake Erie since the mid-1990s 

(Conroy et al., 2005).  Additionally, increasing phosphorus concentrations promote the growth of 

the toxic strain of Microcystis (Davis et al., 2009).  

 

The deteriorating lake condition is having a significant impact on Lake Erie’s environment and 

economy.  During the summer of 2009, the City of Toledo spent an additional $3,000 to $5,000 

per day for 90 days to treat the lake water entering the City’s drinking water intake (Toledo 

Blade, 2011).  Additionally, Lake Erie charter boat captains have reported a significant decrease 

in fishing reservations.  

 

Excluding inputs from the Upper Great Lakes and Michigan via the Detroit River, the Maumee 

River is the greatest external source of phosphorus to the western basin (Bridgeman et al., 

2010).  While the majority of phosphorus loading to Lake Erie occurs via the tributaries, the 

State of Ohio has taken steps to limit open-lake placement of dredged material to minimize 

phosphorus loadings that occur with this practice.  In 2010, the Ohio Environmental Protection 

Agency (Ohio EPA) and Ohio Department of Natural Resources (Ohio DNR) requested that the 

USACE take interim steps to lessen the environmental impact while long-term solutions are 

investigated.   
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2.0 PROJECT CONCEPT, APPLICATION METHODS, AND MONITORING PROGRAM 
The large-scale pilot phosphorus reduction project being considered would include amending 

material dredged from the Toledo Harbor Federal navigation channel (Federal channel) with 

aluminum sulfate (alum) and bentonite clay and/or other polymers prior to or during placement 

in the open-lake disposal area.  Depending on project funding, a portion of the material dredged 

from the Federal channel would be amended with alum and bentonite and/or other polymers.  

There are a variety of potential dosing methods (i.e. incorporation into the dredged material or 

broadcasting into the water).  The purpose of the alum is to reduce available phosphorus while 

bentonite has been demonstrated to be an effective flocculant to reduce turbidity during and 

following placement. 

 

Alum treatment using water treatment-grade aluminum sulfate (Al2(SO4)3·(14H2O)) is a proven 

lake restoration practice for addressing internal phosphorus loading.  Aluminum ions (Al3+) 

chemically react with phosphate (PO4
3-) to create insoluble aluminum phosphate (AlPO4): 

 

Al3+ + PO4
3-  AlPO4 

 

The above formula suggests that the molar ratio of aluminum (Al) to phosphorus (P) is 1:1.  The 

weight of Al required to precipitate a given weight of P is based on the 1:1 molar ratio and the 

molecular weights (grams/mole) of the two substances, 26.98/30.97 = 0.87 pounds (lbs.) Al/lb. 

P.  Several factors such as pH, alkalinity, and competition for binding sites affect the actual ratio 

of Al:P, often resulting in ratios higher than the theoretical 1:1.  Binding ratios of aluminum 

added: aluminum-bound phosphorus formed ranged from 5:1 to 11:1 in Wisconsin and 

Washington lake sediments (Rydin and Welsh, 1999; Rydin et al., 2000).  Wastewater treatment 

plants have reported using a 2.2:1 molar ratio in plants targeting a 1 milligrams per liter (mg/L) 

effluent total phosphorus (TP) limit (CDM, 2001). 

 

Alum treatment results in the settling and removal of insoluble aluminum phosphate, which 

reduces water column TP and chlorophyll a concentrations (Welsh and Cooke, 2009).  The 

reduced phosphorus concentration limits the food source for blue-green algae, potentially 

reducing the generation of harmful algal blooms.   
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Bentonite and/or other polymers could act as a flocculant during placement to reduce turbidity 

and increase the shear strength of the placed sediment while also helping to neutralize the alum 

dosed dredged material.  Bentonite, a member of the smectite family of clays, is primarily 

composed of montmorillonite and is one of the most cohesive common clays.  It is used in a 

variety of areas, including construction, cat litter, food additives, foundry, and paper making.  

Jiang and Kim (2008) found that bentonite was highly effective as a coagulant at removing 

chlorophyll a and reducing turbidity from water dosed with Microcystis.  In addition, bentonite 

has been shown to increase the shear stress of sediments, reducing erosion rates and 

enhancing the stability of the sediments when incorporated with capping materials.  The addition 

of even 0.5% bentonite mixture was shown to increase shear strength and a 2% bentonite 

mixture increased the shear strength by up to two orders of magnitude (USACE, 2001).  

 

Acknowledging the logistical challenges of the USACE dredging process, a contract to dose the 

dredged material could likely be added onto the existing federal contract or as a separate 

contract once the dredging contractor is selected.  Both options would require coordination with 

the USACE, in addition to appropriate approvals.  

 

There are several potential methods for dosing dredged material with alum and bentonite and/or 

other polymers: 

 

1. Dose the open lake placement area following placement of dredged material. 
 

a. Inject/broadcast water column with a liquid slurry of alum and 
bentonite/polymers. 

 
b. Inject/broadcast water column with liquid alum solution; apply granular or 

powdered bentonite/polymers over the open lake placement area at some 
frequency. 

 

One method is to dose the open lake placement area with alum and bentonite and/or polymers 

in a broadcast/injection manner following the release of materials into the open lake placement 

area.  A flash mixer or similar equipment could be used to mix the bentonite/polymers with an 

alum solution to form a slurry.  This slurry could be injected or broadcast into the water column 

in a similar manner as traditional lake treatment.  Another option would be to inject or broadcast 

an alum solution (liquid alum or dry alum mixed with lake water) into the water column as 
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described above and then followed with a granular and/or powdered bentonite and/or other 

polymer application.  

 
2. Dose dredged material as it is placed into scows during dredging operations. 

 
a. Pump/spray with a liquid slurry of alum and bentonite/polymers. 
 
b. Pump/spray with liquid alum solution as the scow is loaded to gain some 

distribution of the alum through the load; apply granular or powdered 
bentonite on top of material in the scow prior to open-lake placement. 

 
The slurry could be applied using a mobile spray unit on the contractors’ dredging unit/scow or 

by pumping the slurry from a separate barge holding the slurry into the dredging scow.  Dredged 

sediments would be dosed with a diluted blend of treatment amendments as the dredgings are 

placed into scows for transport to the open lake placement area.  Additionally, bentonite could 

be applied independently of the alum solution by spreading granular or powdered bentonite on 

the top of the scow carrying the dredged material once it is full.  

 

Due to the increased contact time with the sediments, dosing the dredged material with alum in 

the scow prior to placement is expected to yield better results compared to injection into the 

water column following open-lake placement. 

 

Gaining cooperation from the USACE to treat the dredged material prior to placement in the 

open lake placement area must be a first order of priority if a project partner opts to pursue this 

option.  Another application method would be to treat the open lake placement area in the 

broadcast/injection manner described above concurrent with USACE program activities.  While 

direct treatment is expected to be more cost-effective and yield greater phosphorus and turbidity 

reduction, broadcast treatment would still be beneficial and could potentially promote this 

method as a practical best management practice (BMP) of placement of fine grained P-

containing sediments.  Additionally, should the USACE not allow the placement of treated 

dredged material in the open lake placement area, a new test plot area could be established.  

However, National Environmental Policy Act regulations, environmental considerations, and 

other regulatory permitting/approval processes could preclude a new open lake disposal site in 

conjunction with treatment from being a feasible short-term option.   
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Prior to implementation a monitoring program would need to be developed to optimize the 

dosing rate of alum and bentonite as well as to monitor project performance. The monitoring 

program would consist of the following: 

 pre-treatment testing to determine the optimal method of dosing and appropriate dosing 

rate; 

 application monitoring and testing to ensure conformance with project specifications; and 

 pre- and post-project testing to evaluate degree of phosphorus and turbidity reduction 

and to allow for adaptive management of dosing rate. 

 

Pre-treatment testing will be completed to identify the final amount of alum and bentonite that 

should be added to dredged material as part of the final project design.  The pre-treatment 

monitoring program would include several water and sediment quality evaluations. Alkalinity, 

pH, and dissolved aluminum would be measured to ensure protection of aquatic species from 

aluminum toxicity.  Total phosphorus and soluble reactive phosphorus (SRP) would be 

measured to evaluate phosphorus removal.  This test would maximize phosphorus inactivation 

while ensuring that the pH level remains within an allowable pH range, 6.0 to 8.5 standard units 

(S.U.), to protect aquatic biota.  

 

Application monitoring would be conducted during the project to ensure project conditions are 

acceptable.  At a minimum, pH would be continuously monitored as alum is applied to the 

dredged material, as well during the placement of the dosed material in the open lake 

placement area. 

 

Pre- and post-project monitoring would be necessary to quantify the reduction of phosphorus in 

the dredged sediment and water column within the open lake disposal area.  Pre- and post-

monitoring measurements would include parameters such as dissolved Al, nitrate, SRP, TP, 

chlorophyll a, Secchi depth, temperature, dissolved oxygen, and conductivity. A final pre- and 

post-project monitoring work plan should be developed prior to implementation. 

 

3.0 PROJECT ASSUMPTIONS AND COST ESTIMATE 
A preliminary cost estimate was developed for this option. This cost estimate was based on 

several assumptions including the amount of phosphorus in the dredged material, alum 

effectiveness, and sediment characteristics. Costs are based on 2012 dollars and did not 
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include inflation of current market costs. The proposed approach and cost estimate presented 

should not be considered as a final project design and cost, but is provided as a guide to project 

partners in planning next steps and to secure potential implementation funding.   

 

The cost estimate assumed that 800,000 CY would be removed from the Federal channel, and 

that the dredging scow capacity is 1,800 CY with two to three scows used to complete four to 

five scow loads per day. Dredging was assumed to occur over 20 weeks with an approximate 

average of 40,000 CY of material dredged each week. A moisture content of 145% and a dry 

sediment unit weight of 39 lbs. per cubic foot (cf), or 1.44 lbs. per cubic yards (CY), were used 

to estimate the amount of dry sediment in dredged material.  The average phosphorus 

concentration from 2004 and 2006 sediment testing results (USACE, 2009), or 616.2 milligrams 

per kilogram (mg/kg), was used to estimate the amount of total phosphorus in dredged 

sediment.  Using these assumptions, there are approximately 4,200 tons of dry sediment and 

two tons of TP in the average daily amount of dredged material (Table 1). 

 
TABLE 1 

 
ESTIMATED AMOUNT OF DRY SEDIMENT AND TOTAL PHOSPHORUS IN  

ANNUAL AND DAILY DREDGED MATERIAL FROM TOLEDO HARBOR 
 

 
Per cubic yard 

Dredged 
Material (CY) 

One Scow Load 
Dredged Material 

(1,500 CY-2,250 CY) 

Daily Scow Load 
Dredged Material 

(8,000 CY) 

Annual Permitted 
Open-Lake 

Placement Amount 
(800,000 CY) 

Dry 
Sediment 

0.53 tons 800-1,200 tons 4,200 tons 420,000 tons 

Total 
Phosphorus 

0.65 lbs. 980-1,500 lbs. 2.6 tons 260 tons 

 

The ratio of 0.87 lbs. Al to 1 lb. P was applied for estimating the amount of alum needed to treat 

dredged material.  Using the amount of TP in dredged sediment, all of which was assumed is 

bioavailable, the amount of aluminum needed to dose the dredged sediment is 0.57 lb. Al/CY.  

 

While it is possible to make a solution using dry alum and lake water, the solution would have to 

be made in relatively low concentration batches.  In addition, the dry alum can expose workers 

to the hazards of alum dust.  As a result, most wastewater treatment facilities and lake 

managers prefer to use alum already prepared in solution.  Additionally, General Chemical has 

a liquid alum plant in Toledo, Ohio.  Based on General Chemical’s product specifications, liquid 
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alum is 48% dry alum and has a density of 11.1 lbs./gallon alum solution.  Using the amount of 

Al required per CY and the product specs, the amount of alum required is 1.2 gallons of alum 

solution/CY (6.4 lbs. dry alum/CY).  

 

Using the liquid alum cost of $325/dry ton, or $0.16/lb., and the amount of dry alum/CY, it is 

estimated to cost $1.02/CY to treat dredged material with alum solution, or approximately $1.50/ 

lb. TP (material cost only).  For the purposes of this estimate, it was assumed there is little 

competition for binding sites as it was also assumed earlier that all of the TP was readily 

bioavailable (a potentially very conservative assumption).  Given these assumptions, a Al:P ratio 

of 0.87:1 was used.  

 

As reported in Table 2, it would cost approximately $1/CY for alum materials  in order to dose 

dredged sediment with a liquid alum solution.  Extrapolated to the average daily and annual 

dredging amount, the estimated cost is $8,160 and $816,000, respectively. 

 

It is important to note that this estimate assumed that all of the phosphorus would bind with the 

alum, when in reality only a portion of the total phosphorus would be available to react with the 

alum.  Pre-treatment testing would estimate the phosphorus removal rate.  The amount of 

dredged sediment treated would depend on the amount of funding available and the results of 

pre-treatment testing. 

 
TABLE 2 

 
ESTIMATED ALUM COST TO BIND TP IN VARYING VOLUMES OF DREDGED MATERIAL,  

ASSUMING AN AL:P BINDING RATIO OF 0.87:1 
 

 Aluminum 
Needed (lbs.) 

Dry Alum 
Needed (lbs.) 

Liquid Alum 
Needed 

(gallons) 
Alum Cost 

Per cubic yard (CY) 0.57 6.4 1.2 $1.02 

One Scow Load Amount 
(1,500-2,250 CY) 

860-1,300 9,600-14,000 1,800-2,700 $1,530-
$2,295 

Daily Scow Load Amount 
(8,000 CY) 

4,600 51,000 9,600 $8,160 

Annual Permitted Open-
Lake Placement Amount 
(800,000 CY) 

460,000 5,100,000 960,000 $816,000 
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Bulk bentonite is estimated to cost $225/ton, or $0.11/lb., which includes transport of the 

material via rail from the source to a shoreline offload site in Toledo, Ohio.  Bentonite dosing 

could occur at the end of the dredging week, when weather conditions are appropriate, with the 

granular and/or powered bentonite being placed on top of a full scow load.  For the purposes of 

this cost estimate, it was assumed that 1% of the full scow would be topped with powdered 

and/or granular bentonite (approximately 8-12 tons of bentonite).  The cost per scow load is 

estimated to be $1,800-$2,700.  For the entire dredging season, it is estimated that 

approximately 20 scow loads would receive a bentonite treatment at a cost of $36,000-$54,000 

for material, or approximately $0.05-$0.07/CY. 

 

The above cost estimates are for alum and bentonite material costs only and do not include 

mobilization/demobilization, permitting costs, monitoring costs, or labor.  Application costs for 

alum and bentonite are expected to cost approximately $1/CY.  

 

4.0 SUMMARY 
Alum dosing would decrease the availability of phosphorus in the dredged material as well as 

the water column. In addition, bentonite could also act as a flocculant potentially reducing 

phosphorus even further.  Bentonite would also serve to increase the shear strength of the 

material, reducing the probability of sediment re-suspension along the lakebed of the placement 

area.  These benefits would in turn lead to less re-suspension of phosphorus within dredged 

material, reducing the availability for algae. 

 

The use of dosed dredged material could also benefit future habitat restoration unit (HRU) 

projects and the implementation of other sediment management and use options (i.e. wetland 

restoration and shoreline protection).  The treated material would have increased shear 

strength, reducing the potential for loss of material within the HRU.  This project would also help 

quantify the increase in shear strength through the addition of bentonite. 

 

Should this method of reducing phosphorus and turbidity prove successful, dosing dredged 

material with alum and bentonite/polymers could become a BMP as part of a Section 401 water 

quality certification.  The results of this project would also assist the USACE Environmental 

Research and Development Center, which has been charged by the USEPA to develop ways to 
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improve sediment caps in evaluating the use of flocculants like bentonite to increase sediment 

strength. Results from this project could have significant implications and replication 

opportunities for the management and beneficial use of dredged material throughout the Great 

Lakes.
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE SOLUTIONS  
SECOND PUBLIC FORUM 

 
Introduction 
In 2010, the Ohio Lake Erie Commission (OLEC) was awarded a Great Lakes Restoration 
Initiative grant to complete the Toledo Harbor Sediment Management and Use Project. Over the 
last year, the Ohio Lake Erie Commission, Toledo-Lucas County Port Authority (TLCPA), and 
other members of the Toledo Harbor Dredge Management Task Force have worked with a 
technical team led by Hull & Associates, Inc. to identify and evaluate sustainable practices to 
manage dredged material from Toledo Harbor in a manner that balances economic and 
environmental aspects.  As part of the Toledo Harbor Sediment Management and Use Project, 
two public forums were held to solicit stakeholder input and feedback on a variety of project 
aspects. This report summarizes the results of the second public forum. 
 
Purpose 
A second Toledo Harbor sediment management forum was held on Tuesday, June 19, 2012 
from 1:00 p.m. - 4:00 p.m. at the Toledo Metropolitan Area Council of Governments Building, 
300 Dr. Martin Luther King Jr. Drive, Toledo, OH 43604. The forum was jointly hosted by the 
Great Lakes Commission (GLC), OLEC, and TLCPA. 
 
Forum attendees had the opportunity to learn about proposed sediment management and use 
options under consideration for incorporation into a local sediment management strategy for 
Toledo Harbor, as well as the evaluation approach used to prioritize the options. This forum 
provided an opportunity for stakeholder input regarding the evaluation approach and proposed 
options through a question and answer session and a post-forum survey.  The input received 
from stakeholders will assist the Task Force as they prioritize and evaluate the technical 
alternatives proposed in the comprehensive Sediment Management and Use Plan for Toledo 
Harbor.  
 
The major objectives of the second public forum were to: 
 

• review potential sediment management and use options for Toledo Harbor; 
• present the Technical Team’s evaluation process for prioritizing sediment 

management and use options for Toledo Harbor; 
• present the preliminary prioritized sediment management and use options 

identified for Toledo Harbor; and  
• solicit feedback from stakeholders on the proposed evaluation process and 

preliminary sediment management and use options identified for Toledo Harbor. 
 
Notification 
TLCPA and OLEC invited stakeholders to attend the second public forum via e-mail, posting a 
meeting notice on the Great Lakes Information Network (GLIN) listserv, and by phone.  Direct e-
mail invitations were targeted to previous forum participants and known interested stakeholders.  
Provided in Appendix A is the invitation sent to Task Force Members, non-governmental 
agencies, interested parties, and the media.  Additionally, the local newspaper, the Toledo 
Blade, published a preview article describing this forum, which is attached as Appendix B. 
Finally, Dredging Today, which publishes the latest developments in the dredging and port 
construction industry, posted an article describing this forum on their website, which is attached 
as Appendix C.  
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Participation 
A diverse group of stakeholders participated in the second public forum. Stakeholders included 
40 participants, self-identified as either unaffiliated citizens, or representatives affiliated with 
environmental and community organizations, research and academic institutions, the fishing 
industry, government agencies, commissions or local boards, and industry representatives. A 
complete list of participants is provided by Appendix D.   
 
Forum Agenda and Presentation 
Representatives from the GLC, OLEC, and TLCPA began the forum by sharing background 
information and conveying current challenges associated with sediment management in Toledo 
Harbor from a regional, state, and local perspective. Following these presentations, a project 
representative from Hull & Associates, Inc. provided an overview of the Toledo Harbor Sediment 
Management and Use Project, reviewed potential sediment management and use options, 
presented the Technical Team’s evaluation process and results, and presented a preliminary 
prioritized approach for Toledo Harbor. The public forum concluded with a question and answer 
session and participant survey. The agenda and presentation for the second public forum are 
included as Appendices E and F, respectively. Minutes from the question and answer session 
are included in Appendix G.  
 
Results of Participant Survey 
Participants were asked to complete a survey following the presentation and question and 
answer session. The survey included feedback on their participation in the first forum as well as 
the information and options presented during the second forum. Twenty-two attendees 
submitted surveys. While the sample size is not sufficient to represent the larger City of Toledo 
or Western Lake Erie Basin, results from the survey are useful in qualitatively evaluating 
participants’ opinions on various sediment management and use considerations. A copy of the 
survey, with the number of responses received for each question, can be found in Appendix H. 
 
Of the 22 respondents, 8 people (or approximately 36%) attended the first public forum. All of 
the respondents that attended the first forum stated that they provided ideas through their 
participation in the roundtable session. When asked if the topics they discussed in the 
roundtable sessions were considered in the sediment management and use options analysis, 
seven of those that attended last year agreed or strongly agreed that their topics were 
considered; 1 respondent had a neutral opinion. 
 
Survey participants were asked to answer questions 3-8 based on the second forum. Figure 1 
presents a graphical representation of the results of these questions. All respondents strongly 
agreed or agreed that the information was presented in a clear and understandable manner. 
Most respondents (86%) also felt that they were better informed about Toledo Harbor dredging 
issues and potential management options as a result of the forum. Approximately 73% of survey 
participants strongly agreed or agreed that a combination approach will be needed to address 
sediment management needs of Toledo Harbor. When asked if the four proposed options for 
the combination approach (agricultural improvements, beneficial use, wetland restoration, and 
open-lake placement with controls) is a good starting point to address sediment management 
needs of Toledo Harbor dredged material, approximately 77% of respondents strongly agreed, 
agreed, or had a neutral position. Five respondents disagreed with the proposed options as part 
of the combination approach. The majority of respondents also strongly agreed (27%) or agreed 
(50%) that programmatic flexibility that permits modifying the degree of reliance on any one 
particular option is important, with the remaining respondents having a neutral position (18%) or 
disagreeing (5%). Finally, about half (45%) of respondents had a neutral position on the initial 
suggested sediment volumes allocated for each option in the combination approach, with the 

J-2



   

HULL & ASSOCIATES, INC. 3 JULY 2012 
TOLEDO, OHIO  TPA044.100.00027 

remaining strongly agreeing or agreeing (36%) or strongly disagreeing or disagreeing (18%) 
with the initial suggested sediment volumes. 
 
Most of the survey respondents favored a combination approach for addressing the sediment 
management issues at Toledo Harbor, with many supporting the proposed options under the 
combination option. Respondents also generally supported the idea of programmatic flexibility, 
or adaptive management, which allows for modification of reliance on any particular option 
based on actual experience. While the sample size is not sufficient to represent the larger 
western Lake Erie basin constituents, survey results, along with the comments and questions 
received, will assist the Task Force in developing a prioritized approach to managing Toledo 
Harbor dredged material which incorporates stakeholder feedback and balanced environmental 
and economic aspects. 
 
Next Steps 
A copy of this report will be hosted on the Ohio Lake Erie Commission’s website, along with 
materials that were presented at the forum. This interim report will be incorporated into the Final 
Sediment Management and Use Plan for the Toledo Harbor, which is expected to be completed 
during the summer of 2012.  
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APPENDIX A 
 
 

Second Public Forum Invitation 
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Forum presented by:   
 

 
 

This effort is funded in part through a  
Great Lakes Restoration Initiative Grant through U.S. EPA. 

Toledo Harbor Sediment Management and Use Solutions:  
Evaluation of Sediment Management and Use Options for Toledo Harbor  

Public Forum #2 
 

Tuesday, June 19, 2012  
1:00 p.m. - 4:00 p.m.  

Toledo Metropolitan Area Council of Governments Building 
300 Dr. Martin Luther King Jr. Drive  

Toledo, OH 43604 
 

Introduction 
Please join us for the second public forum to learn about potential sediment management and use 
solutions for Toledo Harbor.  Over the last year, the Great Lakes Commission, Ohio Lake Erie 
Commission, Toledo-Lucas County Port Authority, and other members of the Toledo Harbor Dredge 
Management Task Force have worked with a technical team to evaluate sustainable practices to 
manage dredged material from Toledo Harbor in a manner that balances economic and environmental 
aspects.  This forum is part of the Toledo Harbor Sediment Management and Use Solutions Project, 
funded by the Great Lakes Restoration Initiative. 
 
Background 
Finding solutions for sediment management in Toledo Harbor is imperative.  The Port of Toledo is the 
most heavily dredged port in the Great Lakes with the annual removal of approximately one million 
cubic yards of sediment from the federal and non-federal channels located in the lower seven miles of 
the Maumee River and the approach channel that extends 19 miles in Maumee Bay.  The Port of 
Toledo is critical to the economic viability of Northwest Ohio providing commerce to the entire Great 
Lakes region and facilitating international commerce and commodity transportation through the St. 
Lawrence Seaway by annually handling approximately 11 million tons of cargo. In addition to the 
economic value, western Lake Erie, including Maumee Bay, is one of the most ecologically diverse and 
productive systems in the Great Lakes. As a result, sediment management solutions must balance both 
economic and environmental factors.  
 
Purpose 
The goal of this forum is to solicit feedback from stakeholders on the prioritization of sediment 
management and use options identified for Toledo Harbor. During the forum, project representatives 
will discuss the project objectives, evaluation process, and proposed scoring matrix.  A brief question 
and answer session will conclude the forum.   
 
 

We hope you can join us! 
There is no charge for this event, but we request a RSVP with your name and contact information to the 

Ohio Lake Erie Commission at lakeeriecommission@lakeerie.ohio.gov or 419-621-2040. 
 

For more information about the project, please visit 
http://www.lakeerie.ohio.gov/GLRI/ToledoHarbor.aspx.  

 
Directions to the Dr. Martin Luther King, Jr. Plaza can be found on the next page. 
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This effort is funded in part through a  
Great Lakes Restoration Initiative Grant through U.S. EPA. 

Directions from ANTHONY WAYNE TRAIL/US-25: 
Take Anthony Wayne Trail/US-25 North (pass Toledo Zoo, 
pass South Ave, pass Western Ave; stay in RIGHT hand 
lane) to... 
Exit on Collingwood Ave ramp (toward 1-75 South)... 
Collingwood becomes Newton St... 
Stay straight on Newton St (pass Broadway) to Central 
Union/Martin Luther King Plaza... 
At STOP sign/Wade St, proceed straight and at next drive, 
veer to LEFT to upper level/Main Entrance 
(there will be flag poles in front of main entrance) 
Park in slanted parking spaces in front of the building and 
right of the main entrance... 
Enter via Main Entrance 
 
Directions from WEST/I-475: 
Take 475 EAST to 475East/I-75 South to... 
EXIT 202A/Washington St...stay in right hand lane to... 
Summit St/Turn RIGHT; take Summit St to... 
Newton St/Turn LEFT; proceed on Newton to Central 
Union/Martin Luther King Plaza... 
At STOP sign/Wade St, proceed straight and at next drive, 
veer to LEFT to upper level/Main Entrance 
(there will be flag poles in front of main entrance) 
Park in slanted parking spaces in front of the building and 
to the right of the main entrance... 
Enter via Main Entrance 
 
Directions from NORTH/I-75: 
1-75 South to... 
EXIT 208/1-280 South (exit will be on LEFT)...follow 1-280 
to... 
EXIT 11/Greenbelt Parkway/OH-25 South to... 
Cherry St/Turn LEFT to... 
Summit St/Turn RIGHT (follow Summit St through 
downtown past Owens Corning; about mile, Summit turns 
into Broadway) proceed to... 
Newton St/Turn LEFT; proceed on Newton to Central 
Union/Martin Luther King Plaza... 

At STOP sign/Wade St, proceed straight and at next drive, 
veer to LEFT to upper level/Main Entrance 
(there will be flag poles in front of main entrance) 
Park in slanted parking spaces in front of the building and 
to the right of the main entrance... 
Enter via Main Entrance 
 
Directions from the SOUTH: 
If taking OH Turnpike 1 -80/90; take EXIT 64/1- 75 North 
Toledo/Detroit... 
1-75 NORTH to... 
EXIT 201A Collingwood Ave/OH-25S... 
Stay straight onto Logan St... 
Take 2nd Right onto Collingwood Blvd... 
Collingwood becomes Newton St... 
Stay straight on Newton St (pass Broadway) to Central 
Union/Martin Luther King Plaza... 
At STOP sign/Wade St, proceed straight and at next drive, 
veer to LEFT to upper level/Main Entrance 
(there will be flag poles in front of main entrance) 
Park in slanted parking spaces in front of the building and 
right of the main entrance... 
Enter via Main Entrance 
 
Directions from EAST from Route 2: 
Take Route 2 WEST to... 
Woodville Rd/OH-2 WEST (cross over Hi-Level bridge) 
to... 
Summit St/Turn LEFT (at base of bridge; Summit turns 
into Broadway) proceed to... 
Newton St/Turn LEFT; proceed on Newton to Central 
Union/Martin Luther King Plaza... 
At STOP sign/Wade St, proceed straight and at next drive, 
veer to LEFT to upper level/Main Entrance 
(there will be flag poles in front of main entrance) 
Park in slanted parking spaces in front of the building and 
to the right of the main entrance... 
Enter via Main Entrance 
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APPENDIX B 
 
 

Toledo Blade Article 
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APPENDIX C 
 
 

Dredging Today Article 
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APPENDIX D 
 
 

Second Public Forum Participants 
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FIRST 
NAME

LAST 
NAME ORGANIZATION

1 Amy Alduino Ohio Department of Development
2 Kelly Bensman* Hull & Associates, Inc.
3 Sandy Bihn Western Lake Erie Waterkeepers, Inc.
4 Joseph Cappel* Toledo-Lucas County Port Authority
5 Fernando Camargo* Hull & Associates, Inc.
6 Tom Chudde TerraSea Environmental Solutions LLC
7 Libby Dayton Ohio State University
8 Janina Douglas Lake Erie Improvement Association
9 Kurt Erichsen Toledo Metropolitan Area Council of Governments

10 Kristin Gardner* Hull & Associates, Inc.
11 Sally Gladwell Mannik & Smith
12 Dan Glomski Ohio EPA
13 Sophie Groach Toledo Blade
14 Tom Hays Lucas County
15 Jeremy Heyerly URS
16 Gail Hesse* Ohio Lake Erie Commission
17 Phil Hicks* Hull & Associates, Inc.
18 Steven Holland Ohio Department of Natrual Resources -Office of Coastal Management
19 Alan Horn Ohio State University
20 Paul Hotz TTL
21 Jerry King NS Corp
22 David Knight* Great Lakes Commission
23 Roger Knight ODNR, Division of Wildlife
24 Mark Loomis* USEPA - Great Lakes National Program Office
25 Michael Murray National Wildlife Foundation
26 Arnold Page USACE
27 Terry Perry S&L Fertilizer
28 John Recker Ohio Deptartment of Transportation
29 Paul Roman City of Oregon 
30 Rian Sallee* Ohio Lake Erie Commission
31 Terry Shunkland Partners for Clean Streams
32 Diane Shunkland Partners for Clean Streams
33 David Spangler Lake Erie Waterkeeper, Inc.
34 Roger Streiffert Toledo Metropolitan Area Council of Governments
35 Dan Thomas Resident
36 Pauline Thorndike USACE
37 Thea Walsh Ohio Department of Development
38 Lance Wehrle Cullen Park Org
39 John Welch West Sister Charter Boat
40 Scott Woycik LaFarge

TOLEDO HARBOR SECOND PUBLIC FORUM

ATTACHMENT D

LIST OF PARTICIPANTS

Notes:   
 (*) Forum Organizer  
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APPENDIX E 
 
 

Second Public Forum Agenda 
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Toledo Harbor Sediment Management and Use Solutions 
 

Stakeholder Forum #2 
Tuesday, June 19, 2012  

1:00 p.m. - 4:00 p.m.  
Toledo Metropolitan Area Council of Governments Building 

300 Dr. Martin Luther King Jr. Drive, Toledo, OH 43604 
 
 

AGENDA 
 

 
1:00 p.m. Welcome and Event Overview 

Dave Knight, Special Projects Manager, Great Lakes Commission 
 
1:05 p.m. Regional Perspective 

Dave Knight, Special Projects Manager, Great Lakes Commission 
 
1:15 p.m. State Perspective 

Gail Hesse, Executive Director, Ohio Lake Erie Commission 
 
1:25 p.m. Port Perspective 

Joseph Cappel, Director of Cargo Development, Toledo-Lucas County Port Authority 
 
1:35 p.m. Evaluation of Sediment Management and Use Options for the Toledo Harbor Sediment 

Management and Use Plan 
John Hull, P.E., Principal, Hull & Associates, Inc. 
 

3:15 p.m. Question and Answer Session 
Moderator: Dave Knight, Special Projects Manager, Great Lakes Commission 

 
3:30 p.m. Forum Wrap-Up, Next Steps, and Survey 

John Hull, P.E., Principal, Hull & Associates, Inc. 
Dave Knight, Special Projects Manager, Great Lakes Commission  
Gail Hesse, Executive Director, Ohio Lake Erie Commission 
Joseph Cappel, Director of Cargo Development, Toledo-Lucas County Port Authority

J-15



 

 

Toledo Harbor Sediment Management and Use Public Forum 
 

PRESENTATION NOTES FORM 
 
 
Thank you for attending this forum. We created this notes form so you can jot down any ideas, questions, 
comments, etc. you might have during the presentation. The general headings correspond to the discussion 
topics for the presentation.  
 
Regional, State, and Local Perspectives: 
________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 

Toledo Harbor Sediment Management and Use Planning Introduction: 
________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 
Potential Sediment Management and Use Options: 
________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 
Ranking of Options: 
________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 

Other Questions or Comments: 
________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 
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APPENDIX F  
 
 

Second Public Forum Presentation  
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June 19, 2012 

Toledo Sediment Management and Use Solutions 
 

Evaluation of Sediment Management and Use Options for the Toledo Harbor 
Sediment Management and Use Plan 

 
Public Forum #2 
June 19, 2012 

TMACOG Grand Lobby 

Forum Organizers and Funders: 
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June 19, 2012 

Great Lakes Commission 

2 

 
Dave Knight 

Special Projects Manager 
Great Lakes Commission 

 2805 S. Industrial Hwy, Suite 100 
Ann Arbor, MI 48104-6791 
734.971.9135 
dknight@glc.org glc.org/dredging 
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Logistics 

• Restrooms 
• Snacks/Beverages 
• Health & Safety 
• Agenda/Notes Page 
• Survey 

 
• Forum Rules 

– Please let the speaker know if something needs repeated 
– Please hold comments and questions pertaining to the content 

until the Q&A session 

• Thank you for attending! 
 3 
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Today’s Schedule  

• Introduction to the issues from a regional, state, 
and local perspective 
– Dave Knight, Great Lakes Commission 
– Gail Hesse, Ohio Lake Erie Commission 
– Joe Cappel, Toledo-Lucas County Port Authority 

• Presentation of Toledo Harbor Sediment 
Management and Use Options 
– John Hull, Hull & Associates, Inc. 

• Question and Answer Session 

4 
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Great Lakes Commission 

• The GLC interest historically 
The Great Lakes Dredging Team 
is a partnership of federal and state 
agencies created to assure that the 
dredging of U.S. harbors and 
channels throughout the Great 
Lakes, connecting channels and 
tributaries is conducted in a timely 
and cost effective manner while 
meeting environmental protection, 
restoration, and enhancement 
goals.  

5 
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Great Lakes Commission 

6 
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Great Lakes Commission 

• Products: 
• “Testing and Evaluating Dredged Material for Upland 

Beneficial Uses: A Regional Framework” 
• “Open Water Disposal of Dredged Materials in the Great 

Lakes-St. Lawrence River Basin” 
• “Waste “Beneficially Using Dredged Materials to 

Resource: Beneficial Use of Great Lakes Dredged 
Material” 

• “Decision Making Process for Dredged Material 

Management” 
• “Regional Approach for Dredging Windows 

Determination” 
• “Create/Restore Habitat and Restore Brownfields” 

7 
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Great Lakes Commission 

• The GLC interest going forward 
– Ongoing viability and growth for the Port of 

Toledo: Jobs 
– Environmental quality of the Lake Erie basin: 

Sustainability 
– Lessons for all Great Lakes navigation dredging 

projects: Technology transfer 
– Refinement of best management practices: 

Collaboration 

8 
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State Perspective 

 
Gail Hesse 

Executive Director 
Ohio Lake Erie Commission 

lakeerie.ohio.gov 

111 Shoreline Drive 
Sandusky, Ohio 44870 
419-621-2040 
gail.hesse@lakeerie.ohio.gov 
 

9 
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Lake Erie Economic Values 

• Lake Erie  
– $10.7 Billion Lake Erie Tourism  
– $1 Billion Lake Erie Fishing 
– 3 million Ohio drinking water users 

 

10 
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Sediment Entering Lake Erie – 
April 2008 

11 
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Algal Blooms in Lake Erie – 
August 2011 

Photo: NOAA Satellite Image 

12 
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WWTP Effluent vs. Dredged Sediment 
For Quantity Perspective Only 

Parameter Toledo Bay View WWTP 
Effluent (based on 2008 
data) 

Toledo Harbor Dredged 
Sediment (based on 2004 
data & 1.25 million CY) 

Cadmium Samples below detection limit 2.50 tons/yr 

Lead Samples below detection limit 48.03  tons/yr 

Mercury 2.18 pounds/yr 620 pounds/yr 

Silver Samples below detection limit 0.61 tons/yr 

Zinc 5.1 tons/yr 250.74 tons/yr 

Total Phosphorus 69.4 tons/yr 1096 tons/yr (2010) 

Total Suspended Solids 983 tons/yr 2,062,500 tons/yr (total solids) 

Selenium Samples below detection limit 1.25 tons/yr 

Ammonia 20.4 tons/yr 311.65 tons/yr 

Operating Expenses $41 million based on 2007 Annual Report FY10 Budget - $5  million 

Ohio EPA Comparative Analysis 

13 
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Ohio’s Regulatory Role 

• Ohio EPA issues a Section 401 Water Quality 
Certification to the Corps of Engineers 
– Historically issued on a 5 year cycle 
– Recently issued annually 

 

• Status of 2012 WQC 
– Will include sampling in the open-lake placement area 

14 
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Ohio’s Position 

• Toledo Harbor must be kept open 
• Lake Erie must be restored  
• Best approaches include beneficial use and 

source reduction 
• Support cooperative partnerships 
• Sustainable practices 

15 
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The Economic Impact of the  
Port of Toledo 

Joseph Cappel 
Director of Cargo Development 

Toledo-Lucas County Port Authority 

toledoportauthority.org 
toledoseaport.org 
tourtheport.com  

toledoexpress.com  
 

One Maritime Plaza, Suite 701 
Toledo, Ohio 43604 
419.243.8251 
jcappel@toledoportauthority.org 

16 
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Great Lakes Shipping: 
Environmental Benefits 

• Toledo’s 15 Marine Terminals handle over 700 vessel calls and 12 
million tons of cargo per year. 
 

• Ships help preserve North American  energy resources: Ships 
carry vast amounts of cargo long distances using  significantly less 
fuel than trains and trucks.  They are 4 times more efficient than 
trucks and 1.75 times more efficient than trains. 
 

• Ships have the smallest carbon footprint: A Great Lakes freighter 
produces 70 percent less carbon dioxide per metric  ton/kilometer 
compared to trucks. 
 

• Ships remove congestion from roadways: The largest Great lakes 
vessel can carry 70,000 metric tons- the equivalent to 3000 
truckloads or 700 rail cars.  

17 
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Great Lakes Shipping: Economic 
Benefits 

• The shipping industry employs 227,000 people in the U.S. and 
Canada and produces business revenue of $33.5 billion.  
 

• Shipping contributes $4.6 billion in federal, state and local taxes 
each year. 
 

• Electrical utilities, steel mills, construction companies, mining 
companies, manufacturers and farmers all depend on the 164 
million tons of cargo delivered by Great Lakes ships each year.  
 

• Marine transportation on the System provides $3.6 billion in 
annual savings compared to the next best all land transportation 
alternative.  

18 
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The Port of Toledo’s Economic 

Impact 

 
• 6,971 jobs are supported by the cargo moving via Toledo’s 

marine terminals.   2,521 jobs were directly generated by the 
maritime activity  at the terminals with wages and salaries 
totaling over $109 million.  
 

• Direct business revenue received by the firms dependent upon 
the cargo handled at the Port totaled $381.3 Million in 2010. 
 

• A total of $154.7 million in state and federal taxes were 
generated by cargo and vessel activity in 2010. 
 

19 
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Regional Transportation 
Investment 

Systems 

Interchange 

• I-75/475 Systems Interchange Ph 1 $98 M 

• Toledo Seaport Improvements  $35 M 

• I-280 Veterans Glass City $300 M 
Skyway Bridge & Roadway Proj.  

• NS Airline Yard Intermodal $13 M 

• FedEx Ground Facility $87 M 

• Toledo Express  Airport  $7 M 

• US 24 Fort-to-Port Highway   $490 M 

• CSX Northwest OH Intermodal  $175 M 

Regional Investment $1,205 M    

20 
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But… 

• Investments in infrastructure & economic impact won’t matter unless 
Toledo’s dredging issues are addressed with sustainable solutions 
considering the needs of industry, community and environment. 
 

• For every one inch of reduced draft, a lake trading vessel forfeits 50 
to 270 tons of cargo from their payload. Ocean vessels lose 115 
tons of cargo for each inch of lost draft.   
 

• The International Reputation of the Port of Toledo is on the Line! 
One bad experience can cause a vessel never to return. 
 

• This is a complex issue and there is no silver bullet solution.  We 
need the best and brightest to collaborate - this plan is a result of  
the efforts of many stakeholders.  

 

• If we can continue to work together to address the needs of 
commerce and the environment we will achieve great things! 

21 
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Toledo Harbor Dredging Task 
Force 

• Membership 
-  Toledo-Lucas County Port Authority 
-  State agencies 
-  Federal agencies 
-  Local officials 
-  Non-governmental organizations 

(environmental, commercial, and 
recreational) 

 
22 
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John H. Hull, P.E. 

Principal 
Hull & Associates, Inc. 

Overview of Options  

hullinc.com 

3401 Glendale Ave 
Toledo, Ohio 43614 
419.385.2018 
jhull@hullinc.com 
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• Issues and Opportunities 
• Technical Approaches 
• Project Identification 
• Prioritization for Implementation 

 

Toledo Harbor Sediment 
Management and Use 

24 
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Open Lake 
Placement 
Area 

Island 18 – 
Confined Disposal 
Facility 

Confined Disposal 
Facility Cell 2 

Confined Disposal 
Facility Cell 1 
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• Introduction to the Project 
– The Ohio Lake Erie Commission 

was awarded a GLRI grant to 
create a sediment management 
strategy/plan for the Toledo Harbor 
that identifies and addresses:  

• recommended short-term (1-5 years) 
options 

• recommended long-term (30 year) 
options 

• funding needs/sources/mechanisms 
• timelines for implementation of 

recommended approaches 

Toledo Harbor Sediment 
Management and Use Planning 

26 
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Toledo Harbor Sediment 
Management and Use Planning 

• Sediment management and use plan status: 
– Solicited input on potential options and gathered value 

judgments from stakeholders on the importance of relative 
criteria to evaluate options (weighting factors)  

• Completion of June 2011 public forum  
• Completion of December 2011 Task Force consensus 

– Evaluation of short term (1-5 years) and long term (5-30 
years) options  

• Compiled relevant data and information 
• Estimated dredge capacity needs 
• Completed preliminary screening of potential  

options identified internally and by  
stakeholders 
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• Review potential sediment use 
options 

• Present Technical Team’s 
evaluation process and results 

• Present prioritized  
approaches for  
sediment management  
options  

• Solicit input from  
stakeholders 

Today’s Objectives 
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Potential Sediment Use 
Options 

• Solicited input on potential options from 
stakeholders at June 2011 Public Forum 
– Create Wetlands 
– Create Islands 
– New Metropark 
– Use of Geotubes 
– Erosion Control 
– Beneficial Use 
– Floodplain Berms 
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Identification of Options 

• Ideas from the 1st Public Forum were evaluated 
by the Technical Team 

 
• Technical Team identified options/conceptual 

approaches to carry forward in the detailed 
evaluation using best professional judgment with 
respect to the conditions of Toledo Harbor and 
surrounding areas 
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Major Assumptions 

• No programmatic constraints 
• A combination option is likely a better solution 
• Option Costs 

– Basic recognition of major capital improvement and 
O&M costs 

– Used to serve as a relative comparison between 
options - not to be used as comprehensive cost 
estimate for each alternative 

– Approximate location of option used for estimating 
purposes 
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Toledo Harbor Dredging 

•Federal Channel spans 
RM 7 to LM 18 (25 miles, 
400-500 ft. width) 

•Projected 1M CY Dredged 
Annually, includes federal 
and non-federal channels 

•30-year total of 30M CY 

J-49



June 19, 2012 33 

Potential Sediment Management 
and Use Options 

Upland Nearshore In-Water 

In-Water 
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• Use dredged materials in 
productive ways as a resource that 
results in environmental, 
economic, or social benefits. 

• Examples: 
– Brownfield revitalization 
– Strip mine reclamation & solid waste 

management 
– Construction and industrial use (port 

development, airports, urban, 
residential) 

– Material transfer (fill, dikes, levees, 
parking lots, roads) 

Beneficial Use of Dredged Material 
as Non-Structural Fill 

Sediment off-loaded from 

barge/scow near the shore 
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Agricultural Field Improvements 

• Use dredged material to 
raise the elevation of 
agricultural fields, thus, 
improving drainage and 
future productivity 
– 5-mile radius 
– 10-mile radius 

• 4 ft. improvement height 
 

Sediment pumped onto shore 

from dredging operations center 

of gravity and subsequently 

pumped to final site via booster 

pump structure(s) 
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Agricultural Field Improvements 
Relative Footprint of 30M CY for Single-Option 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Wetland Restoration and 
Shoreline Protection 

• Use dredged material to 
create additional wetland 
areas and a protective 
barrier for the existing 
shoreline 
– Structure base 5-7 ft. 

below LWD 
– Final dike surface 4-12 ft. 

above LWD  
– Final wetland surface 

near LWD 
 

Sediment pumped from 

dredging operations center of 

gravity to final location 

 

Deer Island, MS (Source: GLC) 
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Wetland Restoration and Shoreline Protection  
Relative Footprint of 30M CY for Single-Option 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Submerged Habitat Restoration Unit 

• Use of dredged material to assist in 
the development of a Habitat 
Restoration Unit (HRU) that will 
provide future submerged wildlife 
refuge/habitat 
– Deep water HRU 

– Structure base 20 ft. below LWD 
– Final structure surface 10 ft. below LWD 

– Shallow water HRU  
– Structure base 7 ft. below LWD,  
– Final structure surface 3 ft. below 

LWD 

Dredged material transported 

from channel to final location 

via scow/barge and pumped or 

released into HRU diked area 
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Submerged Habitat Restoration Unit  
Relative Footprint of 30M CY for Shallow and Deep 
Single-Options 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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New Confined Disposal Facility 

• Construct a new 
confined disposal 
facility (CDF) to 
contain the material 
– Not specifically 

designed for habitat 
enhancement 

– Structure base 5 ft. 
below LWD 

– Final structure surface 
30 ft. above LWD 

Dredged material transported from 

channel to final location via scow/barge 

and pumped or released into contained 

area 
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New Confined Disposal Facility 
Relative Footprint of 30M CY for Single-Option 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Emergent Habitat Restoration Unit 

• Deep water HRU  
– Structure base 20 ft. below LWD  
– Final structure surface 30 ft. above 

LWD 
• Shallow water HRU 

– Structure base 5 ft. below LWD,  
– Final structure surface 12.5 ft. above 

LWD 

Dredged material transported 

from channel to final location 

via scow/barge and pumped or 

released into HRU diked area 

• Use of dredged material to assist in 
the development of a Habitat 
Restoration Unit (HRU) that will 
provide a future emergent wildlife 
refuge/habitat Poplar Island, MD (Source: USACE) 
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Emergent Habitat Restoration Unit 
Relative Footprint of 30M CY for Shallow and 
Deep Single-Options 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Open-Lake Placement with Controls 

• Open-lake placement 
with controls to 
decrease nutrient 
availability and/or 
increase shear 
strength of material 
– Potential HRU aspect 
– Either at or near the current 

open lake placement area 

Dredged material transported from 

channel to final location via scow/barge 

and released to placement area 
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Open-Lake Placement with Controls  
Relative Footprint of 30M CY for Single-Option 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Open-Lake Placement without Controls 

• Relocated/new open-lake 
placement from overall 
dredging operations center 
– No controls 
– Minimizes the potential for individual 

redistribution of sediment in the 
Western Lake Erie Basin 

– Possible reduction in influence of  
algae blooms 

Dredged material transported from 

channel to final location via 

scow/barge and released to 

placement area 
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Open-Lake Placement without Controls 
Relative Footprint of 30M CY for Single-Option 

Not a proposed location (shown for relative 
size needed to accommodate all 30M CY) 
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Single Option Relative Unit Costs 
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Toledo Harbor Sediment 
Management and Use Options 

• Is one option that can accommodate all 30 
million CY feasible? 
– Complex logistics 
– Compounded eco-habitat uses/impacts 
– Unintended consequences 
– Programmatic constraints 

50 
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Evaluation Process 

• Each option evaluated to receive all of the 30-year estimated 
dredged material volume (30M CY) – despite initial assumption that 
a Combination Option is likely a better solution 

• Initial evaluation did not consider 
• All aspects of a specific location of option 
• Current programmatic/regulatory restrictions  
• Funding availability and sources 
• Limitations on currently accepted practices 
• Inflation of current market costs 

• Initial evaluation did consider 
• Location relative to Center of Gravity of estimated volume of 

material dredged between 2001-2010  
• Current lake bathymetry 
• Current market costs 
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Evaluation Process (Continued) 

• Matrix to score the dredge material management and 
use options across six major categories of technical 
criteria and sub-categories identified and discussed at 
the June 2011 Public Forum: 

• Feasibility 
• Ecological Benefits 
• Environmental Impacts 

 

• Human Benefits 
• Economic Benefits 
• Implementation Cost 
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Evaluation Process (Continued) 

• Assigned by Task 
Force members 

• 1-100, for each 
technical criteria 
category 

Weighting 
Factors 

• Assigned by Hull 
Technical Team 

• 1-5, for multiple 
technical criteria 
for each option 

Technical 
Criteria 

Avg. Weighting 
Factor  

x  
Avg. Technical 
Criteria Score  

=  
Score for Each 

Option 

For each Technical Criteria category: 

J-70
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June 2011 Public Forum Input 

• Summarized in public forum report and posted 
online and discussed at Task Force meeting 

 
– Input on ranking of major factors was considered by 

the Task Force in weighting factor determination 
 
– Input on sub-categories was considered by technical 

team in development of technical criteria scoring 
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Feasibility 

Technical Criteria 
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Placement Timing and 
Sequencing  1 5 5 5 4 3 3 4 5 4 5 

Capacity Expansion Capability 5 5 4 5 3 2 5 5 5 5 4 

Size of Overall Footprint 2 4 2 2 1 2 2 2 3 3 3 

Implementation/Construction 
Complexity 4 1 2 2 2 3 4 3 5 4 3 

Construction Duration 5 1 2 2 2 3 4 4 5 5 2 

Site Accessibility 4 4 4 4 4 4 4 3 2 4 4 

Average Score 3.5 3.3 3.2 3.3 2.7 2.8 3.7 3.5 4.2 4.2 3.5 

Feasibility  
Scale: 
 
1 - Highly complicated 
2 - Moderately to highly complicated 
3 - Moderately complicated 
4 – Minimally to moderately complicated 
5 - Minimally complicated 
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Feasibility 

Technical Criteria 
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Planktonic and Benthic 
Community/Habitat 3 2 2 4 4 4 3 3 2 2 2 

Fish and Aquatic Inverterbrate 
species/habitat  3 4 4 4 4 4 3 3 2 2 2 

Wetlands (tidal, non-tidal) 3 4 4 3 3 4 3 3 3 3 3 

Protected Species/Habitat 3 3 4 3 3 4 3 3 3 3 3 

Pelagic Birds/Habitat 3 4 4 3 3 4 3 3 3 3 4 

Terrestrial Species/Habitat 3 4 4 3 3 4 3 3 3 3 3 

Creation of Surface Water Features 
with Ecologically Beneficial Habitat 3 4 4 3 3 4 3 3 3 3 4 

Average Score 3.0 3.6 3.7 3.3 3.3 4.0 3.0 3.0 2.7 2.7 3.0 

Ecological 
Benefits/Effects 
Scale: 
 
1- negative overall effect, high level of effort to overcome 
2- negative effect,  moderate level of effort to overcome 
3 - minimal effect 
4 - positive effect, moderate degree of benefit 
5 - positive effect, high degree of benefit 
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Feasibility 

Technical Criteria 
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Hydro-dynamic Effects 5 4 4 4 4 4 4 4 1 3 2 

Land Improvements 5 4 4 3 3 4 5 5 3 3 4 

Surface Water Quality 3 3 3 3 3 3 4 4 1 4 2 

Groundwater Quality 3 3 3 3 3 3 4 4 3 3 3 

Average Score 4 3.5 3.5 3.25 3.25 3.5 4.25 4.25 2 3.25 2.75 

Environmental 
Impacts/Effects  
Scale: 
 
1- negative overall effect, high level of effort to 
overcome 
2- negative effect,  moderate level of effort to 
overcome 
3 - minimal effect 
4 - positive effect, moderate degree of benefit 
5 - positive effect, high degree of benefit 
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Feasibility 

Technical Criteria 
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Recreation Opportunity 3 4 5 3 4 4 3 3 3 3 3 

Flood Protection 3 3 3 3 3 5 5 5 3 3 3 

Aesthetics 3 4 5 3 3 4 2 2 3 2 2 

Human Health Risk 3 3 3 3 3 3 3 3 2 3 2 

Navigational Safety 3 2 2 3 2 3 3 3 3 3 2 

Average Score 3 3.2 3.6 3 3 3.8 3.2 3.2 2.8 2.8 2.4 

Human 
Benefits/Effects  
Scale: 
 
1- negative overall effect, high level of effort to 
overcome 
2- negative effect,  moderate level of effort to 
overcome 
3 - minimal effect 
4 - positive effect, moderate degree of benefit 
5 - positive effect, high degree of benefit 
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Feasibility 

Technical Criteria 
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Revenue Generation - During 
Operation 5 3 3 3 3 3 4 4 3 3 5 

Revenue Generation - Post-
Operation 4 4 4 3 3 3 5 5 3 3 4 

Public Need 5 4 4 4 4 4 4 4 3 3 3 

Job Creation 5 4 4 4 4 4 4 4 3 3 4 

Tourism 3 5 5 4 4 4 4 4 4 3 3 

Local Commerce 4 5 5 4 4 4 5 5 3 3 3 

Average Score 4.3 4.2 4.2 3.7 3.7 3.7 4.3 4.3 3.2 3.0 3.7 

Economic 
Benefits  
Scale: 
 
1- negative overall effect, high level of effort 
to overcome 
2- negative effect,  moderate level of effort 
to overcome 
3 - minimal effect 
4 - positive effect, moderate degree of 
benefit 
5 - positive effect, high degree of benefit 
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Feasibility 

Technical Criteria 
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Score (Based on Estimated Cost per 
CY) 

3.45 3.27 3.87 2.48 1.00 4.95 5.00 4.92 4.98 4.93 3.67 

Implementation 
Costs 

Scale: 
 
1 - Highest relative cost 
5 – Lowest relative cost 
Intermediate score values relatively based on range of 
costs per CY   
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Feasibility 

Average Technical 
Criteria Scores 
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Feasibility Avg. Score 3.5 3.3 3.2 3.3 2.7 2.8 3.7 3.5 4.2 4.2 3.5 

Ecological Benefits Avg. 
Score 3.0 3.6 3.7 3.3 3.3 4.0 3.0 3.0 2.7 2.7 3.0 

Environmental Impacts Avg. 
Score 4 3.5 3.5 3.25 3.25 3.5 4.25 4.25 2 3.25 2.75 

Human Benefits Avg. Score 3 3.2 3.6 3 3 3.8 3.2 3.2 2.8 2.8 2.4 

Economic Benefits Avg. 
Score 4.3 4.2 4.2 3.7 3.7 3.7 4.3 4.3 3.2 3.0 3.7 

Implementation Cost Score 3.45 3.27 3.87 2.48 1.00 4.95 5.00 4.92 4.98 4.93 3.67 

Total Score 21.3 21.0 22.0 19.0 16.9 22.8 23.5 23.2 19.8 20.9 19.0 
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Ranking of Options Based on 
Average Technical Scores 

Rank Option Average Score 
1 Agricultural Fields (5-mile Radius) 23.5 

2 Agricultural Fields (10-mile Radius) 23.2 

3 Wetland Restoration & Shoreline Protection 22.8 

4  Emergent HRU - Shallow Water 22.0 

5 Beneficial Use 21.3 

6 Emergent HRU - Deep Water 21.0 

7 Open-Lake - With Controls 20.9 

8 Open-Lake - No Controls 19.8 

9 Submerged HRU - Deep Water 19.0 

9 New CDF 19.0 

11 Submerged HRU - Shallow Water 16.9 
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Weighting Factors 

Category of Technical 
Criteria 

Public Forum #1 
Rank  

(n=100) 

Task Force Rank  
(n=12)  

Task Force Assigned 
Weighting Factors  

Feasibility 4 3 17 

Ecological Benefits 2 1 22 

Environmental Impacts 1 2 20 

Human Benefits 6 6 10 

Economic Benefits 5 5 14 

Implementation Costs 3 3 17 
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Feasibility 
Weighted 
Technical Criteria 
Scores 
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Feasibility Weighted Score 
(17) 59.5 56.7 53.8 56.7 45.3 48.2 62.3 59.5 70.8 70.8 59.5 

Ecological Benefits Weighted 
Score (22) 66.0 78.6 81.7 72.3 72.3 88.0 66.0 66.0 59.7 59.7 66.0 

Environmental Impacts 
Weighted Score (20) 80 70 70 65 65 70 85 85 40 65 55 

Human Benefits Weighted 
Score (10) 30 32 36 30 30 38 32 32 28 28 24 

Economic Benefits Weighted 
Score (14) 60.7 58.3 58.3 51.3 51.3 51.3 60.7 60.7 44.3 42.0 51.3 

Implementation Cost 
Weighted Score (17) 58.7 55.6 65.8 42.2 17.0 84.2 85.0 83.6 84.7 83.8 62.4 

Total Weighted Score 354.8 351.2 365.7 317.4 281.0 379.7 391.0 386.8 327.5 349.4 318.2 
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Ranking of Options Based on 
Weighted Technical Score 

Rank Option 
Weighted Technical 

Score 
1 Agricultural Fields (5-mile Radius) 391.0 

2 Agricultural Fields (10-mile Radius) 386.8 

3 Wetland Restoration & Shoreline Protection 379.7 

4 Emergent HRU - Shallow Water 365.7 

5 Beneficial Use 354.8 

6 Emergent HRU - Deep Water 351.2 

7 Open-Lake - With Controls 349.4 

8 Open-Lake – No Controls 327.5 

9 New CDF 318.2 

10 Submerged HRU - Deep Water 317.4 

11 Submerged HRU - Shallow Water 281.0 
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Single-Option Challenges 

• Challenges of using only one alternative: 
– Practicality/Logistics (low flexibility, seasonal limitations) 
– Costs (high initial capital investment, balance between 

capital and O&M) 
– Location (large overall footprint) 
– Optimization of alternative (compromise/tradeoff between 

technical categories) 
– Size (large structural requirements/site-specific impacts) 

• Both short-term and long-term plans will likely 
consist of a combination of approaches due to the 
challenges of single-option 
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Combination Option 

• Use a combination of options to minimize 
challenges 

• Criteria for combination option: 
– Weighted scores 
– Estimated costs 
– Practicality/feasibility 
– Shorter implementation time 
– Improved short-term benefits 
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Selection of Combination Option 

Rank Single Option (30M CY) 

Feasibility 
Weighted 

Score 

Weighted 
Technical 

Score 
Relative 

Total Cost 
1 Agricultural Fields (5-mile Radius) 62.3 391.0 $305M 

2 Agricultural Fields (10-mile Radius) 59.5 386.8 $336M 

3 Wetland Restoration & Shoreline 
Protection 48.2 379.7 $326M 

4 Emergent HRU - Shallow Water 53.8 365.7 $741M 
5 Beneficial Use 59.5 354.8 $906M 
6 Emergent HRU - Deep Water 56.7 351.2 $972M 
7 Open-Lake - With Controls 70.8 349.4 $334M 
8 Open-Lake – No Controls 70.8 327.5 $314M 
9 New CDF 59.5 318.2 $820M 

10 Submerged HRU - Deep Water 56.7 317.4 $1,280M 
11 Submerged HRU - Shallow Water 45.3 281.0 $1,850M 
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Selection of Combination Option 

• Options selected generally have a lower unit 
cost increase when a smaller footprint / feasible 
quantity was analyzed 

• More feasible options 
• Options selected ranked the highest in at least 

one technical category 
• Arbitrary selection of volumes for purposes of 

discussion 
• Will need a detailed design analysis completed 
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Combination Option 

• Wetland Restoration and Shoreline Protection 
(7M CY) 

• Agricultural fields (7M CY) 
• Beneficial Use (3M CY) 
• Open-lake with controls (13M CY) 
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Conceptual Locations of 
Combination Option 

For illustrative purposes 
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Single and Combination Option 
Weighted Score Evaluation 

Technical Criteria 
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Feasibility Weighted Score 
(17) 59.5 56.7 53.8 56.7 45.3 48.2 62.3 59.5 70.8 70.8 59.5 79.3 

Ecological Benefits 
Weighted Score (22) 66.0 78.6 81.7 72.3 72.3 88.0 66.0 66.0 59.7 59.7 66.0 75.4 

Environmental Impacts 
Weighted Score (20) 80 70 70 65 65 70 85 85 40 65 55 75 

Human Benefits Weighted 
Score (10) 30 32 36 30 30 38 32 32 28 28 24 32 

Economic Benefits 
Weighted Score (14) 60.7 58.3 58.3 51.3 51.3 51.3 60.7 60.7 44.3 42.0 51.3 56 

Implementation Cost 
Weighted Score (17) 58.7 55.6 65.8 42.2 17.0 84.2 85.0 83.6 84.7 83.8 62.4 79.9 

Total Weighted Score 354.8 351.2 365.7 317.4 281.0 379.7 391.0 386.8 327.5 349.4 318.2 397.7 
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Single and Combination Option 
Final Ranking and Relative Costs 

Rank Option Weighted 
Score 

Relative Unit Costs 
($/CY) 

1 Combination 397.7 $13.50 

2 Agricultural Fields (5-mile Radius) 391.0 $10.20 

3 Agricultural Fields (10-mile Radius) 386.8 $11.20 

4 Wetland Restoration & Shoreline Protection 379.7 $10.90 

5 Emergent HRU - Shallow Water 365.7 $24.70 

6 Beneficial Use 354.8 $30.20 
7 Emergent HRU - Deep Water 351.2 $32.40 
8 Open-Lake - With Controls 349.4 $11.10 
9 Open-Lake – No Controls 327.5 $10.50 

10 New CDF 318.2 $27.30 
11 Submerged HRU - Deep Water 317.4 $42.60 
12 Submerged HRU - Shallow Water 281.0 $61.70 
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Enhanced Environmental 
Dredging Techniques 

• Hydraulic Dredging with permanent discharge 
lines 

• Enhanced open-lake placement techniques 
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Short-term vs. Long-term Options 

• Short-term options have minimal delays 
resulting from permitting, design, etc. 
– Beneficial use of sediment from the river at upland 

locations 
– Enhanced open-lake placement 

• Long-term options promote activities with lower 
habitat impacts and lower cost 
– Agricultural use 
– Nearshore options 
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Questions and Answer Session 

 
 

Toledo Harbor Sediment 
Management and Use Planning 
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Next Steps 

• Survey – We would like your feedback!  
 
• For additional information or to provide follow up 

input, please email 
lakeeriecommission@lakeerie.ohio.gov or call 419-
621-2040. 
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Next Steps 

• Technical Team will: 
- Incorporate feedback from stakeholders and the 

Toledo Harbor Task Force 
- Complete Final Plan in Summer 2012 

 
 
• Updates, forum results, and this presentation will 

soon be available at www.lakeerie.ohio.gov 
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toledoportauthority.org 
toledoseaport.org 

toledoexpress.com  
 

glc.org/dredging lakeerie.ohio.gov 

greatlakesrestoration.us 

Thank You for Your Participation! 
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APPENDIX G  
 
 

Second Public Forum Minutes from Question & Answer Session
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE SOLUTIONS  
SECOND PUBLIC FORUM 

 
APPENDIX G 

 
QUESTION AND ANSWER SESSION MINUTES AND RESPONSES 

 
 
These minutes were prepared based on questions and comments received during the second 
public forum. While questions and answers are not verbatim, they reflect the major themes that 
were discussed during the question and answer session, as well as follow-up questions and 
discussion, where noted. To provide clarification, more detailed responses, or to provide 
information regarding how public feedback was incorporated into the plan or will be considered 
by the team members during subsequent project phases, the Project Team added post-forum 
responses to certain questions and comments.  Those post-form responses are italicized.  . 
 
1. Attendee Comment: 

Has there been any field testing for agricultural use in terms of nutrients? 
 
Forum Organizer Response:  
Yes, there has been quite a bit of work done by the Ohio State University. The Toledo 
Metropolitan Area Council of Governments also worked with OSU with some turf studies. 
Also, there is a dredge placement area in Port Clinton, which is about 30 acres. 
Placement of dredged material there is just underway and the fill can remain in 
agricultural use or could be converted for development. The nutrient value of the 
dredged sediment has been evaluated and there are micronutrients as well as 
phosphorus and nitrates. There may be some blending of the material required. The 
addition of nutrients or amendments to the soil may add some extra cost, but it is not 
expected to be a significant factor. 
 
[Project Team Response: Recent studies related to the use of dredged material for 
agricultural uses and more details of the Port Clinton-area project are included in the 
final Toledo Harbor Sediment Management and Use Plan.] 

 
2. Attendee Comment: 

Regarding nutrients and water quality, could the U.S. Army Corps of Engineers (USACE) 
change their criteria for establishing the cost of dredging and what happens to it based 
on nutrients and not just contaminants? 
 
Forum Organizer Response: 
There is some evaluation of the federal standards currently underway. New information 
should be coming in the next few months. The status of incorporating nutrients into the 
Section 404/401 process and the status of revisions to the federal standard will be 
included in the final Toledo Harbor Sediment Management and Use Plan. 
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[Project Team Response: U.S. EPA and USACE are currently updating guidance related 
to evaluation of dredged sediment. The goal of this project is to create one guidance 
document for both inland and ocean testing that incorporates risk management concepts 
into engineering approaches for dredged material management. The completion date for 
this project is not known at this time. The status of this project and any revisions to the 
current federal dredged material evaluation methods will be included in the final Toledo 
Harbor Sediment Management and Use Plan.] 

 
3. Attendee Comment: 

Why is Woodtick Peninsula not included as an option? 
 
Forum Organizer Response: 
Given feedback from the Task Force and based on the constraints of the grant 
parameters, the potential options and their feasibility analyses were limited to the state 
of Ohio. However, understanding that some stakeholders were interested in better 
understanding the viability of this option, the project team estimated that approximately 
1.8M CY would be required to fill the old channel at Woodtick Peninsula, or 
approximately two to three years capacity. The logistics of pumping the material to 
Woodtick Peninsula would need to be evaluated. 

 
4. Attendee Comment: 

What about an option in front of Woodtick Peninsula? 
 
Forum Organizer Response: 
There is a sand bar in front of Woodtick Peninsula that should not be covered up. 
 
[Project Team Response to Comments #3 & #4: The Task Force agreed to keep all 
placement options to be evaluated within the State of Ohio borders. Therefore, this 
project did not evaluate any options in Michigan or Canada. However, understanding 
that some stakeholders were interested in better understanding the viability of this 
option, the project team estimated that there is approximately 1.8M CY capacity at 
Woodtick Peninsula, or approximately two to three years capacity. While Woodtick 
Peninsula is not being proposed as an option as part of this project, it is a viable option 
should there be community support. For the purposes of this project, discussion on why 
this option was not considered, including some of the factors above will be included in 
the final Toledo Harbor Sediment Management and Use Plan.] 

 
5. Attendee Comment: 

Comment that options along Oregon shoreline will be politically difficult and filling in the 
Bay is ill-advised. 
 
Forum Organizer Response: 
We acknowledge this comment. 

 
6. Attendee Comment: 

An attendee stated that they disagree with this concern. 
 

[Project Team Response to Comments #5 & #6: We understand there are concerns 
related to placing material in Maumee Bay. Should such options be carried forward, 
detailed engineering and analysis would be completed to ensure the design does not 
significantly negatively impact the hydrology and/or environment of the Bay. This option 
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is one of many being proposed. Ultimately, it is up to the Task Force and stakeholders to 
incorporate the recommendations from the final Toledo Harbor Sediment and 
Management Use Plan into an implementable strategy.  Such a strategy would require 
following any appropriate protocols related to environmental reviews, permits, and other 
processes that consider engineering and science principles as well as community 
concerns and issues raised by stakeholders. 

 
7. Attendee Comment: 

Regarding the need to look at innovative options, the CDF is not being used to a major 
extent. Grassy Island is only partially filled. We need to think outside the box. Why aren’t 
we looking at using the existing CDF or Grassy Island? 
 
Forum Organizer Response: 
The CDF has approximately 2M CY of USACE space available, or the capacity of about 
two years of dredging materials. It’s not a long-term 30 year option. Grassy Island has a 
component that could take approximately a half years’ worth of dredged sediments, but 
still requires more repair and replacement such as pump out facilities. These could be 
used as part of the footprint for an option, not to expand but to maximize. However, there 
is a high capital cost of building a pump out facility and repairing Island 18 for the 
capacity, which would put it at the upper end of the cost for a new CDF. We are trying to 
look at manageable, long-term options. Also, the existing CDF capacity is maintained in 
the event of an emergency in which contaminated material needs to be placed. Further, 
the USACE only maintains the federal channel. The Toledo-Lucas County Port Authority 
and terminal operators can’t open lake place material that is dredged from the port 
terminals. This material is placed in the Port Authority’s CDF spaces, which are in the 
process of being filled. There is some work going on to increase the space by reusing 
the material. However, the cells are almost full. 
   
[Project Team Response: Proposed sediment management and use options focused on 
short and long-term options that could accept a significant amount of the 30-year 
dredging amount, or 30M CY. Due to the limited capacity at the existing CDF and 
Grassy Island, these options were not considered. While using the existing CDF or 
Grassy Island is not being proposed as an option, an explanation on why it was not 
considered, including some of the factors described above, is included in the final Toledo 
Harbor Sediment Management and Use Plan.] 

 
8. Attendee Comment: 

Regarding Woodtick Peninsula and the power plant being shut down in 2014, there 
could be money for long-term restoration in terms of filling the channel. There are other 
sides of Woodtick where an option could be placed. The USACE can cross state lines, 
even if there are two districts involved. Pointe Mouillee is a perfect example of what 
could be done off of Woodtick Peninsula.  
 
Forum Organizer Response: 
We acknowledge this comment. This option could be a possibility. However, Woodtick 
Peninsula would receive less than 2M CY of material. There is also a preserve on the 
other side of the channel. A prospective project involving the City of Toledo and USACE 
to dredge the lower reach of the Ottawa River for recreational purposes was not carried 
forward because Michigan did not want the traffic in that area. If there is community 
acceptance for this option, it could be a possibility. 
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[Project Team Response: The Task Force agreed to keep all placement options to be 
evaluated within the State of Ohio borders. Therefore, this study did not include the 
evaluation of options in Michigan or Canada. When the selected options are chosen, it 
may be of value to assess locations outside of Ohio if they are available. While Woodtick 
Peninsula is not being proposed as an option for this plan, an explanation on why it was 
not considered, including some of the factors above, will be included in the final Toledo 
Harbor Sediment Management and Use Plan.] 

 
9. Attendee Comment: 

Is the constraint for mining the dredged material the market? 
 
Comments and group discussion from the audience: There is currently little market 
demand to use the material in the area.  The fine, silty material would typically need to 
be amended before it is considered useful. Bottom ash was used as an amendment 
before but the power plant stopped releasing it. Costs, market demand and regulatory 
issues are factors. A representative from the USACE noted that there is no market 
demand at $30/CY. 
 
[Project Team Response: The concept of beneficial use is to use the dredged material 
for an upland use such as amended soil, brownfield revitalization, non-structural fill, 
agricultural field enhancer, etc. Selling of the dredged material as a beneficial use would 
require additional testing and a detailed evaluation of distribution methods that are 
dependent on the proposed use. The beneficial use option section in the final plan 
includes a discussion of market demand for material, as well as amendments that might 
be necessary to create marketable materials.] 

 
10. Attendee Comment: 

Isn’t the City of Toledo dumping sludge in the CDF? 
 
Forum Organizer Response: 
A representative from the Toledo-Lucas County Port Authority explained that no sludge 
is being dumped. They are processing Nu-Soil at the site. An overview of the process 
was given. 
 
[Project Team Response: The production of Nu-Soil at the CDF was not specifically 
evaluated under this project. The beneficial use option in the plan discusses many 
potential uses, including non-structural fill material. As a result, this comment will not be 
addressed in the final Toledo Harbor Sediment Management and Use Plan.] 

 
11. Attendee Comment: 

Are the agricultural field improvement options to be implemented on private farms? 
 
Forum Organizer Response: 
The fields proposed as part of the agricultural improvement options are private farms, 
with short term arrangements to raise property by building berms and add additional 
drainage. The land rental payments would compensate for the loss of crop production for 
a few years before the land can be farmed again.  There is potential to purchase the 
agricultural land as well. Buying the land as opposed to renting it would likely be more 
economically advantageous. If it were institutionally owned, the property could be cash 
rented to a farmer. We assumed tiling it at 50 foot centers, and included the costs of 
berming, pumps, piping, pump stations, etc. Once the pumping system is in place for 
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placing the dredged material, there would be an irrigation system that could be 
especially useful for specialty crops.  
 
[Project Team Response: Once the final location is selected, the land would be rented 
from the land owner(s) for the timeframe required to complete the improvements. In the 
Final Plan, the land rental cost at private farms was based on $200 per acre per year for 
three years (one year for placement, one year for consolidation and one year for land 
cover crop).] 

 
12. Attendee Comment: 

As a follow-up to that, raising the ground could create issues between neighbors. It is 
counter-intuitive to add field tiles when they likely already have them unless there are 
nutrient collectors. 
 
Forum Organizer Response: 
We acknowledge this comment and agree that the nutrient issue is important and must 
be addressed. This could be a good demonstration area to study how this might work. 
We acknowledge the concern about impacts on neighbors. The property must have 
sufficient perimeter drainage so they do not flood the neighbor. 
 
[Project Team Response: An additional detailed study should be completed to determine 
potential locations for agricultural field improvements that would be the most beneficial 
and cost-efficient dependent on the projected dredging capacity. A containment structure 
would be designed and constructed to control and divert the dredged material and 
associated run-off water. Once the final location is selected, the land would be rented 
from the land owner(s) for the timeframe required to complete the improvements. The 
land rental cost at private farms was based on $200 per acre per year for 3 years (one 
year for placement, one year for consolidation and one year for land cover crop).] 

 
13. Attendee Comment: 

The placement of dredged material on agricultural land is being done now at East 
Harbor? 
 
Forum Organizer Response: 
Yes, we do not have all the details, but a similar process is being completed there on a 
30-acre site that can remain agricultural or potentially be developed. 

  
[Project Team Response: The ODNR Division of Parks and Recreation is funding the 
dredging of the East Harbor in Ottawa County and the placement of dredged materials to 
approximately 30 acres of flat agricultural land. A small hydraulic dredge pumps the 
material to a booster pump, which then transports the material to the placement site. An 
agreement is in place to return the land to the owner with a new specified elevation.] 

 
14. Attendee Comment: 

Years ago, I attended a meeting regarding Ottawa River dredged material, which they 
appropriated $65,000 to study dredging the Ottawa River. I’ve attended meetings like 
this for years. I’ve seen businesses come and go in those years. We are studying this 
issue to death. Yes, we have to dredge the river and yes, we need to find a place to put 
it. We also need to address the upland issues. We also have to put it somewhere aside 
from moving it around in the lake. As a citizen, I feel like we’re just throwing money at it.  
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Forum Organizer Response: 
We acknowledge this comment.  

  
[Project Team Response: The criticality of finding alternatives to open-lake placement 
and possible funding will be included in the final Toledo Harbor Sediment Management 
and Use Plan].  
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APPENDIX H  
 
 

Second Public Forum Participant Survey with Number of Responses Received  
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Toledo Harbor Sediment Management and Use Solutions 
 

Stakeholder Forum #2 
Tuesday, June 19, 2012  

1:00 p.m. - 4:00 p.m.  
Toledo Metropolitan Area Council of Governments Building 

300 Dr. Martin Luther King Jr. Drive, Toledo, OH 43604 
 

PARTICIPANT SURVEY  
 
Thank you for taking the time to complete this survey. Your feedback is important and will be 
incorporated into the Toledo Harbor Sediment Management and Use Final Plan. A copy of your 
completed survey may be included in the final plan. This survey should only take a few minutes 
to complete.  
 

1. Which sector do you represent? 
o Local or State Government (9) 
o Federal Government  (2) 
o Non-Profit   (5) 
o Business   (6) 
o Citizen    (5) 
o Other: ____________  (0) 

 
2. Did you attend the first Toledo Harbor Sediment Management and Use Public 

Forum on June 16, 2011 at the Toledo Maritime Center? 
o Yes (8)    
o No (14) 

 
If you answered yes, please respond to the following questions: 

 
2a. Did you provide ideas at the first forum through participation in the roundtable? 

o Yes (8) 
o No (0) 

 
2b. Topics I discussed at the small group breakout sessions were considered in the 

sediment management and use options analysis.   
o Strongly agree  (1) 
o Agree   (6) 
o Neutral   (1) 
o Disagree  (0) 
o Strongly Disagree (0) 

 
 
 
 
 
 
 

Continued on next page

J-106



Toledo Harbor Sediment Management and Use Solutions 
Stakeholder Forum #2 
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Please answer the following questions based on today’s forum presentation using the scale below. 
 

 Strongly 
Agree Agree Neutral Disagree Strongly 

Disagree 
3. The information shared at today’s forum was presented in a clear and 

understandable manner. 12 10 0 0 0 

4. As a result of today’s forum, I am better informed about Toledo Harbor 
dredging issues and potential management options. 6 13 2 0 0 

5. A combination of options will be needed to address sediment 
management needs of Toledo Harbor dredged material. 8 8 2 4 0 

6. A combination approach using the four options identified in the 
presentation (agricultural improvements, wetland restoration, 
beneficial use, and open-lake placement with controls) is a good 
starting point to address sediment management needs of Toledo 
Harbor dredged material.  

3 9 5 5 0 

7. Programmatic flexibility that permits the modification of the degree of 
reliance on any one particular option is important, understanding that 
with implementation of any option knowledge is gained and 
unintended consequences (both good and bad) become evident. 

6 11 4 1 0 

8. The initial suggested sediment volumes allocated for each option in 
the combination approach (wetland restoration – 7M CY; agricultural 
improvements – 7M CY; beneficial use – 3M CY; open-lake with 
controls – 13M CY) appears reasonable based on the information 
provided. 

2 6 10 3 1 

 
 

 
Continued on next page
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PARTICIPANT SURVEY  
 
 

 

 
9. Please provide any additional questions or comments (if applicable). 

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 

 
OPTIONAL 

Personal information provided below will not be included in the final plan. Your personal 
information will not be shared with others outside of our project team. 
 
Name:  ________________________________________________________ 
Organization:  ________________________________________________________ 
Phone:  ________________________________________________________ 
Email:  ________________________________________________________ 
 
     Please contact me to discuss my questions or comments.  The best way to reach me is 
_______________________________________________. 
 
 
 
If you have any questions or would like to discuss any aspect of this project, please contact the 
Ohio Lake Erie Commission at 419-621-2040. 
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TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE K-1

POTENTIAL FUNDING SOURCES FOR SEDIMENT MANAGEMENT AND USE OPTIONS

Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

Ohio Department of
Natural Resources
(Ohio DNR) Coastal
Management Program
Coastal Management
Assistance Grants
(CMAG)

Projects must be within the Ohio Coastal
Management Program’s boundary and
can include a variety of activities including
habitat restoration/demonstration of
innovative practices, coastal land
acquisition, water quality, coastal
planning, and research and data
collection.

No max. listed, but
grants typically
range $5,000 to

$110,000.

50% match All Options – Pilot or
Small Study

Ohio DNR Division of
Wildlife Wetlands
Restoration
Assistance

Available to individuals and organizations
to assist with costs associated with
wetland restoration projects on private
lands in Ohio. Projects include tile cuts
and/or construction of small, low-level
dikes to restore or enhance hydrology.

$1,000/acre
wetland restored

max.
50% match

 Emergent HRU
 Wetland Restoration

and Shoreline
Protection

Ohio EPA Section 319
Program

Ohio EPA is the designated water quality
agency responsible for administering the
Ohio Section 319 program. Since 1990,
Ohio EPA has annually applied for,
received, and distributed Section 319
grant funds to correct nonpoint source
(NPS) caused water quality impairments
to Ohio’s surface water resources.
Section 319(h) implementation grant
funding is targeted to Ohio waters where
NPS pollution is a significant cause of
aquatic life use impairments.

$200,000-$350,000 20% match required,
can be in-kind or cash

 Wetland Restoration
and Shoreline
Protection

 Agricultural Field
Improvements
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

Ohio EPA Surface
Water Improvement
Fund (SWIF)

For implementation of specific projects
that address non-point source pollution
and/or stormwater runoff and result in
water quality improvements in Ohio's
streams, rivers, and lakes.

up to $100,000 Not required

 Beneficial Use
 Wetland Restoration

and Shoreline
Protection

 Emergent and
Submerged HRU

 Agricultural Field
Improvements

Ohio Lake Erie
Commission (Ohio
LEC) Lake Erie
Protection Fund
(LEPF) Small Grants

Funding priorities are to assist in
implementing at least one of the 84
priorities addressed in the Lake Erie
Protection and Restoration Plan, which
includes recommendations addressing
water quality, pollutant sources, habitat,
coastal recreation, boating, fishing,
beaches, tourism, and shipping.

$15,000 max. 25%, in-kind or cash All Options – Pilot or
Small Study

Ohio State University
Ohio Sea Grant
Research Grants
Program

One- to three-year research projects on
Great Lakes and marine problems with
particular significance to Ohio, Lake Erie,
the Great Lakes region, and the nation.

Varies; $100,000-
$300,000 None Listed All Options

Ohio State University
Ohio Sea Grant Small
Grants Program

One- to three-year research projects on
Great Lakes and marine problems with
particular significance to Ohio, Lake Erie,
the Great Lakes region, and the nation.

$10,000 max. None Listed All Options – Pilot or
Small Study

Ohio Water
Development Authority
(OWDA) Research
and Development
Grant Program

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 OWDA

Grant cannot
exceed 50% of the
total project cost.
Applicant must

show exceptional
circumstances to
request a grant

greater than
$200,000.

At least 50% All Options

OWDA Water
Pollution Control Loan
Fund (WPCLF) Linked
Deposit Program

Bank loan at a reduced interest rate for
implementation of agricultural or forestry
best management practices, on-site
wastewater disposal systems or other
non-point source pollution control.

Max. per bank loan
agreement NA  Agricultural

Improvements
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

Ohio State
Infrastructure Bank
Loans and Bonds
(ODOT)

Purpose is to encourage economic
development and public investment in
public transportation facilities that
contribute to the multi-modal and
intermodal transportation capabilities.
Qualified public transportation projects
include construction, reconstruction,
resurfacing, restoring, rehabilitation, or
replacement of public transportation
facilities within the state; any highway,
transit, or other transportation project
eligible for financing or aid under any
federal act or program; and any project
involving the maintenance, repair,
improvement, or construction of a public
or highway, road, street, parkway, or
transit project, any related right-of-way,
bridges, tunnels, railroad-highway
crossings, drainage structures, signs,
guardrails, or protective structures.
Costs that are not eligible project costs
include preliminary engineering and
design, environmental studies, major
investment studies, and interchange
justification analysis.

Varies. Loans,
loan guarantees,
letters of credit,

leases, interest rate
subsidies, debt
service, cash

reserves, and other
forms the Director
determines to be

appropriate.

Not required
 New CDF
 Emergent and

Submerged HRU

Clean Ohio Brownfield
Fund and Brownfield
Loan Fund (Ohio
Development Services
Agency/Jobs Ohio)

Grants and low-interest loans available for
brownfield remediation.

Grants up to $1M,
low-interest loans

25% match of total
project costs  Upland placement
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

State Capital
Improvement Program
(SCIP), Ohio Public
Works Commission
(working through local
District Integrating
Committees)

Each Public Works District can slightly
modify the program, but SCIP generally
funds repair and replacement of existing
infrastructure (roadways, bridges,
stormwater, sewer, water, and solid waste
systems); evaluation criteria focus on the
financial need of the governmental entity,
the project's strategic importance to the
district, and emphasize the repair and
replacement of infrastructure rather than
new and expanded infrastructure

Funding is provided
through grants,
loans, and loan

assistance or local
debt support. There
is no minimum or

maximum loan
amount.

Grants are available for
up to 90% of the total

project costs for repair/
replacement, and up to
50% for new/expansion.
Loans can be provided
for up to 100% of the

project costs. Grant/loan
combinations are also

available.

Great Lakes
Commission (GLC)
Great Lakes
Protection Fund
(GLPF)

The ultimate criterion used to select
projects is the anticipated benefit to the
health of the Great Lakes ecosystem.
Projects must identify a significant,
tangible ecological outcome and a
pragmatic plan to achieve it.

Varies Not required All Options

Sustain Our Great
Lakes (SOGL)
Community Grants
Program

Similar to the SOGL Stewardship grants
program but on a smaller scale. Support
on the ground habitat restoration and
enhancement projects (tens of acres or
thousands of stream feet) that improve
local habitat conditions and build local
conservation capacity.

$25,000-$150,000 1:1 or greater will be
more competitive

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

SOGL Stewardship
Grants Program

Support large-scale (hundreds of acres or
tens of stream miles or larger), on the
ground habitat restoration and
enhancement projects.

$150,001-$1.5M minimum of $150,001
with 1:1 match helpful

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

US Fish & Wildlife
Service (USFWS)
Joint Venture Habitat
Restoration &
Protection Plan

Provides support to state and other
partner projects for long-term habitat
restoration, enhancement or protection
and conservation of native Great Lakes
fish and wildlife populations, particularly
migratory birds.

$25,000-$290,000 at least 25% of grant
request

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

USFWS Great Lakes
Fish and Wildlife
Restoration Act

Encourage cooperative conservation,
restoration, and management of fish and
wildlife resources and their habitat in the
Great Lakes basin.

$2,300-$2M with
avg. project

receiving $102,900

at least 25% of grant
request

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

USFWS North
American Wetlands
Conservation Act
(NAWCA) Small Grant
Program

Supports projects in Canada, the United
States, and Mexico that involve long-term
protection, restoration, and/or
enhancement of wetlands and associated
uplands habitats.

$75,000 max. 1:1

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

USFWS North
American Wetlands
Conservation Act
(NAWCA) Standard
Grant Program

Supports projects in Canada, the United
States, and Mexico that involve long-term
protection, restoration, and/or
enhancement of wetlands and associated
uplands habitats.

Each fiscal year,
available funds

have been
distributed among

projects in the three
countries according
to a pre-determined
percentage within

the range of
percentages

allowable under the
Act.

1:1

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

U.S. Army Corps of
Engineers (USACE)
General Investigation
(GI) Study

Congress must provide USACE with
authority and funds to first accomplish a
feasibility study and secondly, to construct
the project. Local sponsors share the
study and construction costs with the
USACE and usually pay for all operation
and maintenance costs. GI Studies
require specific congressional
appropriations and must be in the USACE
budget or appropriated through a
congressional add

No limit; funds must
be approved by

Congress

USACE provides the first
$100,000 of feasibility

study costs. A non-
federal sponsor must
contribute 50% of the
cost of the feasibility
study after the first

$100,000 of
expenditures, 35 %of the

cost of design and
construction, 50% of the

cost of recreational
features and 100% of

the cost of operation and
maintenance.

All options
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

USACE Section 204
of Water Resources
Development Authority
(WRDA) 1992

Section 204 of WRDA of 1992 provides
authority for USACE to plan, design, and
build projects to protect, restore, and
create aquatic and ecologically related
habitats in connection with dredging of
authorized Federal navigation projects.

$5 million project
limit

USACE provides the first
$100,000 of feasibility

study costs. A non-
federal sponsor must
contribute 50% of the
cost of the feasibility
study after the first

$100,000 of
expenditures, 35 %of the

cost of design and
construction, 50% of the

cost of recreational
features and 100% of

the cost of operation and
maintenance.

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs

USACE Section 206
of Water Resources
Development Authority
(WRDA) 1996

Section 206 of WRDA of 1992 provides
authority for USACE to design and build
projects to restore aquatic ecosystems for
fish and wildlife.

$5 million project
limit

USACE provides the first
$100,000 of feasibility

study costs. A non-
federal sponsor must
contribute 50% of the
cost of the feasibility
study after the first

$100,000 of
expenditures, 35 %of the

cost of design and
construction, 50% of the

cost of recreational
features and 100% of

the cost of operation and
maintenance.

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submergent HRUs
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

USACE Section 217 of
WRDA 1996

USACE may use public-private
partnerships in the design, construction,
management, or operation of dredged
material management facility in
conjunction with Federal navigation
projects. The Federal government may
reimburse the private entity for the
disposal of dredged material in the facility
through a disposal user fee, which is
sufficient to recover the funds contributed
by the private entity plus a reasonable
rate of return on investment.

No limit; funds must
be approved by

Congress

The Federal share of the
fees is equal to the

percentage of the total
cost that would

otherwise be borne by
the Federal government
as part of cost-sharing
as required pursuant to

existing cost sharing
requirements.

All options

Harbor Maintenance
Trust Fund (HMTF)

Established to fund operation and
maintenance of ports and harbors. These
funds are currently not available for use
by Congress. There is pending legislation
to make these funds available for use.

unknown unknown All options

U.S. Department of
Agriculture Natural
Resource
Conservation Service
(USDA-NRCS)
Commodity Credit
Corp. Conservation
Innovation Grants
(CIG)

Voluntary program intended to stimulate
the development and adoption of
innovative conservation approaches and
technologies while leveraging the Federal
investment in environmental
enhancement and protection, in
conjunction with agricultural production

$1 $6 max (Fiscal
Year (FY) 2011) 50% match  Agricultural Field

Improvements

Great Lakes
Restoration Initiative

Variety of habitat improvement, nutrient
reduction and water quality improvement
projects are available through 11 federal
agencies.

Grants Typically not required,
but helpful in scoring

 Open-lake placement
with controls

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submerged HRU
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Potential Funding
Source Description Funding Amount Match

Potential Sediment
Management and Use

Option

NOAA Section 309
Plan 2011-2015, as
Amended
Coastal Zone
Enhancement Grants

Provides grants to states to manage and
implement their coastal enhancement
strategies.

Grants No match

 Open-lake placement
with controls

 Wetland Restoration
and Shoreline
Protection

 Emergent and
Submerged HRU

Other Alternative
Funding Sources

Other programs such as license plate
fees, stamps, sales tax surcharges,
bonds, private foundations, endowment
funds, revenue from special assessments
and levies could be used to finance
options. These programs could be
managed at any government level (e.g.
local, state, federal) or privately.

Unknown Unknown All options

Notes:
1. The table of potential funding sources is meant to serve as a guide only and is not an exhaustive list.  Proposed sediment management

and use options have not been screened extensively for each funding source.  In some cases, funding may be appropriate to partially
fund an option or fund a pilot project.
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APPENDIX L

Refinement of the Agricultural Field Improvement Option
for the Toledo Harbor Sediment Management and Use Plan
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1.0 PROJECT BACKGROUND AND OBJECTIVES

The Toledo Harbor Sediment Management and Use Plan (THSMUP) was developed to assist

the Toledo Harbor Dredge Task Force (Task Force) in identifying and implementing a sediment

management and use strategy for the Toledo Harbor Federal Navigation Channel (Federal

channel) and commercial/recreational non-federal channel that represents a consensus-based

approach of the diverse stakeholders represented by the Task Force.  The THSMUP was

funded through United States Environmental Protection Agency (USEPA) Great Lakes

Restoration Initiative (GLRI) Grant # GL-E00523 to the Ohio Lake Erie Commission (Ohio LEC).

Ohio LEC sub-granted the funding to the Toledo-Lucas County Port Authority (TLCPA), who

retained the Hull & Associates, Inc. (Hull) technical team (Hull Team) to develop the THSMUP.

The Hull Team is comprised of engineering, science, and consensus-building professionals from

Hull, Moffatt and Nichol, ARCADIS, Great Lakes Marketing, and Proudfoot Associates.

As presented in the THSMUP, and based on recent discussions with Ohio Environmental

Protection Agency (Ohio EPA) and other stakeholders, it appears that one of the more

sustainable sediment management options is the use of dredged material for agricultural field

improvements. The concept of this option is to use the dredged material to raise the elevation of

agricultural fields where land would be purchased or rented from the current property owner(s)

for the timeframe required to complete the improvements.  This option would improve the

drainage in the agricultural fields and potentially supply the soil with nutrients. This option is

discussed in greater detail in Section 3.1.2 of the THSMUP.

In light of the relative importance of the agricultural field improvement option to the overall

program and the recognition that a pilot project would likely be appropriate to gain support from

the farm community, several additional tasks were completed to obtain relevant information

needed to move this option forward as a potential pilot demonstration project.  A pilot project

could serve as a model for beneficial use of dredged materials on agricultural fields and

demonstrate the implementability of a full-scale project.  Results could have significant

implications and replication opportunities for the management and beneficial use of dredged

material throughout the Great Lakes.  Additional activities completed to refine the agricultural

field improvement option included:

 Desktop review of agronomic suitability of dredged material, including a review of
available dredged sediment data, crop recommendations (e.g. alfalfa, corn),
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potential additives (e.g. fertilizer, lime), and the estimated number of growing
cycles needed to obtain optimal agronomic and soil conditions for select crops;

 Refinement of design and implementation methods, including project-specific
specifications for the implementation of the agricultural field improvement option
and a desktop and field review of the agricultural field improvement option
currently being completed at East Harbor State Park and other similar projects;

 Refinement of preliminary cost estimates, including a more detailed pump
management and maintenance cost, more detailed land rental/acquisition and
easement costs, refined anticipated energy costs associated with pumping
operations, and refined construction cost estimates for installation of in-water and
upland infrastructure; and

 Identification of next steps (e.g. financing, permitting) recommended to move
forward with the implementation of the agricultural field improvement option or a
pilot demonstration project.

This report summarizes additional activities completed by the Hull Team for the refinement of

the agricultural field improvement option identified in the THSMUP.
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2.0 AGRONOMIC SUITABILITY OF DREDGED MATERIAL

2.1 Introduction
Dredged material can be used beneficially to amend marginal lands for agricultural purposes or

to improve the productivity of existing agricultural lands by altering the physical and chemical

characteristics of soils to render the moisture content, effective porosity, and nutrient levels

more favorable for crop production.  It is important to understand the physical, chemical, and

biologic changes that will occur in the dredged material after it is relocated from an aquatic to an

upland environment, along with the potential effects to crops that might be grown in the material.

This section provides the results of a desktop review of agronomic suitability of dredged

material, including a review of available dredged sediment data, crop recommendations (e.g.

alfalfa, corn), potential additives (e.g. fertilizer, lime), and the estimated number of growing

cycles needed to obtain optimal agronomic and soil conditions for select crops.

Agricultural land in northwest Ohio generally consists of level to gently sloping areas with loamy

and clayey to loamy and sandy soils (U.S. Department of Agriculture [USDA], 1980).  Drainage

predominately ranges from very poorly drained to somewhat poorly drained.  Smaller areas of

the Oak Openings region contain sandy soils with moderately to well-drained soils. Toledo

Harbor dredged material primarily consists of water, soil particles, and organic matter and might

contain small pieces of rock, wood, metal, glass, and other debris.  Toledo Harbor sediments

are generally weakly acidic to slightly alkaline and comprised predominately of clayey silts and

silty clays with varying degrees of organic matter.  Traditional contaminants of concern (COCs)

in some impacted areas include low levels of heavy metals, phosphorus, polycyclic aromatic

hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides.  However, these

COCs are not expected to be present in material dredged from the Federal channel at levels

that would present any concerns for agricultural products of row crops.  Ohio has not adopted

non-site specific regulatory standards for the land application of dredged material, but other

standards such as regional screening levels and biosolids limits can be used to screen the

suitability of materials for land application. Site-specific and crop-specific agronomic testing

could be completed as part of final engineering and design to determine the suitability of

dredged material for land application at a specific agricultural field and the need for any

amendments.
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2.2 Considerations for Land Application of Sediment
The suitability of implementing the agricultural field improvement option at a specific site is

dependent on the characteristics of the dredged material and the agricultural land on which it is

placed. Toledo Harbor dredged material is primarily comprised of fines (a mix of silt and clay),

predominately classified as  CH (clay with high plasticity or fat clay) with a Plastic Index (PI) of

over 50 and a high water retention capacity.  Traditional contaminants of concern monitored in

sediment samples collected by the United States Army Corps of Engineers (USACE) from the

Federal channel include heavy metals, PAHs, pesticides, and PCBs (USACE, 2009). A

summary of the maximum reported concentrations of various constituents detected during the

USACE’s 2010 sampling event of bulk sediment samples from the Federal channel as well as

respective sediment quality guidelines is provided in the Toledo Harbor Dredge Sediment

Preliminary Risk Evaluation memorandum that is included in Appendix B-2 of the THSMUP.

As discussed in the memorandum, the accumulation of chemicals in the sediment from sources

such as storm run-off, point discharges and atmospheric deposition determines the nature of the

constituents in the sediment. This affects the suitability of the type of sediment management

and use option (e.g. in-water, near-shore, upland, beneficial use) that can appropriately manage

the material. The suitability of potential in-water uses (e.g. open-lake placement), near-shore

uses (e.g. wetland restoration and shoreline protection), and upland uses (e.g. agricultural field

improvement, non-structural fill), were evaluated through a comparison of concentrations of

constituents reported in sediment samples collected from the Federal channel in 2010 by

USACE to respective sediment screening criteria.

The screening criteria used in the evaluation included the following:

 USEPA Regional Screening Levels (RSLs) for industrial soil;

 USEPA RSLs for residential soil;

 Ohio EPA Voluntary Action Program (VAP) direct contact soil standards for
commercial/industrial land use;

 VAP direct contact soil standards for residential land use;

 Ohio EPA sediment reference values (SRVs);

 USEPA Region 5 Ecological Screening Levels (ESLs) for sediments; and
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 Threshold Effect Concentrations (TECs) from MacDonald, Ingersoll and Berger
(2000).

Table B-1, which is included in the memorandum attached as Appendix B-2 to the THSMUP,

provides a summary of the maximum concentrations reported for sediment samples collected

from the Federal channel in 2010 as well as respective screening criteria. Based on a

comparison of these results to screening criteria, most Toledo Harbor sediments might be

appropriately used for upland, nearshore, and in-water uses, with the possible exception of

sediments dredged from isolated areas of the Federal channel as discussed in the THSMUP.

Additional site-specific biological and toxicity testing might be necessary to determine the

suitability of the use of the material from these isolated areas.

Dredged sediments with concentrations below residential soil RSLs may be suitable for upland

placement at residential sites.  In general, Ohio EPA considers residential soil RSLs to

adequately encompass human direct contact exposures in most applications, potentially

including recreational land use, mixed land use, and unrestricted land uses (Ohio EPA, 2010).

It could be assumed that agricultural land use falls within the category of land uses

encompassed by residential soil RSLs.  However, the residential soil RSLs do not incorporate

assumptions about human consumption and contaminant uptake from soil into food crops, milk

and eggs, and livestock; therefore, human exposures based on agricultural use of dredged

sediments are not specifically evaluated by comparison to residential soil RSLs.

Generic screening levels based on agricultural use have not been developed by Ohio EPA or

USEPA, perhaps attributable to the difficulty of evaluating contaminant uptake into crop plants,

the differential distribution of contaminants in the edible and non-edible parts of the plant, and

intake rate of produce by consumers.  However, the Canadian Council of Ministers of the

Environment (CCME) has developed agricultural screening levels for soils (CCME, 2012).  The

CCME guidance states that assessment of human food consumption is relevant “where

consumption of backyard garden food is or is likely to be significant” (CCME, 1999).  The CCME

generic scenario assumptions based on 50% of the meat and produce and 100% of the milk

being consumed by persons is produced on-site (CCME, 1999).  Thus, the CCME soil quality

guidelines for the protection of environmental and human health based on agricultural land use

may not be relevant for the evaluation of the beneficial use of dredged sediments for agricultural

field improvements.
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Table 1 provides a summary of background metal concentrations reported in Ohio soils

collected as part of Resource Conservation and Recovery Act (RCRA) and Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) environmental

investigations from 64 sites in 36 of Ohio’s 88 counties (Cox and Colvin, 1996) and background

concentrations of potassium and phosphorus for Ohio soils (Ohio State University, 2005). The

concentrations of metals in soils are the result of the source rocks or sediments from which the

soil developed and the result of anthropogenic pollutants. Soils used to characterize Ohio

background metals concentrations may have had subtle anthropogenic influence but are not

considered to be significantly affected by industrial activity.  Although the maximum reported

metal concentration in Toledo Harbor sediment was higher than the geometric mean calculated

for background concentrations of metals in Ohio soils, the metal concentrations for Toledo

Harbor sediments are generally within the range of background concentrations for Ohio soils.

Ohio has not established regulatory standards for acceptable levels of constituents present in

dredged material for beneficial use.  The requirements of 40 Code of Federal Regulations (CFR)

Part 503 for land application of biosolids have been used as a general guideline for determining

suitability of the land application of dredged material in some states. The regulatory limits for

metal concentrations in biosolids have been established based on research specific to organic

material.  The chemical characteristics of the dredged material and upland soil, the dredged

material application rate, the water and drainage requirements, and the desired crop types and

plant bioavailability should also be considered when evaluating the use of dredged material for

agricultural use.

Manufactured soil screening tests indicated that fertile topsoil could be blended from dredged

material collected from Cell 1 of the Toledo Harbor Confined Disposal Facility (CDF), yard

waste, and biosolids (Lee, 1999).  Metal concentrations in the manufactured soil were evaluated

in relationship to the USEPA 503 regulations for acceptable maximum metal concentrations in

agricultural soils receiving biosolid applications.  A bench-scale seed-germination and plant

growth test was completed on ryegrass, tomato, marigold, and vinca using dredged material

collected from Cell 1 of the Toledo Harbor CDF and blended with varying percentages of

cellulose, and biosolids.  The results from the screening tests indicated that Toledo Harbor

dredged amended with cellulose, and biosolids will enhance plant growth.  A field demonstration

was completed in 1998 that produced 550 cubic yards (CY) of fertile topsoil that was used to

landscape the entrance to the University of Toledo and to improve soil beds at the entrance of

the Toledo Botanical Gardens.
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 1

COMPARISON OF INORGANIC CONCENTRATIONS REPORTED IN SAMPLES COLLECTED FROM THE TOLEDO HARBOR FEDERAL CHANNEL TO OHIO
SOIL BACKGROUND CONCENTRATIONS AND TO REGULATORY LIMITS ESTABLISHED FOR AGRICULTURAL APPLICATION OF CLASS B BIOSOLIDS

Parameter

2010 Sediment Resultsa Background Metal Concentrations in
Ohio Soilsb

Agricultural Application of Class B Biosolids
(Ohio Administrative Code 3745-40-04)

Maximum
Detected

Concentration
(mg/kg)

Location of
Maximum Detected

Concentration
Geometric Mean

(mg/kg) Range (mg/kg)
Table D-1. Pollutant

Ceiling Concentration
Limit (mg/kg)

Table D-2. Pollutant
Cumulative Pollutant Load

Rates (pounds/acre)

Aluminum 48,000 LM-2 8,180 2,000 - 16,100 NA NA

Antimony 0.51 LM-2 NA 0.97 - 92 NA NA

Arsenic 11 LM-3.5 and RM-2 5.72 0.5 - 56 75 36.6

Barium 190 RM-2 63.4 9.3 - 323 NA NA

Beryllium 1.2 RM-2 0.377 0.10 - 3.15 NA NA

Cadmium 2.5 RM-4 0.507 0.07 - 4.40 85 34.8

Chromium 52 RM-2 12.1 2.00 - 80.5 NA NA

Cobalt 14 RM-2 6.42 1.0 - 53.6 NA NA

Copper 61 RM-4 11.8 1.2 - 58 4,300 1,339.9

Iron 47,000 RM-2 18,400 5,150 - 100,000 NA NA

Lead 51 RM-4 and LM-13 16.2 1.0 - 147 840 267.9

Manganese 830 LM-3 459 59.0 - 1,750 NA NA

Mercury 0.37 LM-13 0.081 0.081 - 1.60 57 15.2

Nickel 48 RM-2 14.4 2.00 - 110 420 375.1

Phosphorus 580 LM-0 NA 250 - 750h NA NA

Potassium 5,300 RM-2 709 230 - 2,180
(10,000 - 20,000h) NA NA

Selenium 1.2 LM-0.25 and RM-2 NA 0.20 - 35.0 100 89.3

Silver 0.78 RM-4 NA 0.20 - 14.8 NA NA

Thallium 0.83 LM-0.25 NA 0.17 - 0.59 NA NA

Vanadium 55 RM-2 17.4 4.60 - 71.0 NA NA

Zinc 220 RM-2 42.7 7.50 - 190 7,500 2,500.4

Notes:
a.  2010 USACE sampling included 39 surface grab samples collected from the Lake Approach Channel (Lake Mile (LM) LM-0 through LM-13) and River Channel (River Mile (RM) RM-1 through RM-7).  Only actual measured values are reported for 2010 sediment data.  Values reported as not detected at or above the specif ied minimum detection limit and estimated values reported between the minimum
detection limit and reporting limit are not identified. Sediments dredged from RM-1, RM-2, and RM-4 were identified as not meeting Federal guidelines for open-lake placement in the latest round of sediment sampling completed by the USACE (USACE, 2012). Total PAHs were identified as sediment COCs at these sites. All other dredged material was evaluated and determined to be suitable for open-lake
placement. NM-Not Measured; ND-Not detected at or above the specified minimum detection limit and reporting limit; NA-Not Applicable; mg-milligram; kg-kilogram
b.  "Evaluation of Background Metal Concentrations in Ohio Soils.“ Cox-Colvin & Associates, Inc. June 21, 1996.
c.  “Regional Screening Levels (RSL) for Chemical Contaminants at Superfund Sites.” June 2011.
d.   Ohio Administrative Code 3745-300-08(C)(3).
e.   VAP Program Chemical Information Database and Applicable Regulatory Standards (CIDARS) database.
f.    VAP Program CIDARS database for Residential Child Soil Standard.
g.   Not a listed Hazardous Substance.
h.   Ohio Agronomy Guide (Ohio State University, 2005).
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Table 1 also provides a summary of established regulatory limits for land application of

biosolids.  Regulatory limits include the ceiling concentration limit, which is the maximum

concentration of each metal allowed in biosolids for land application, and the cumulative

pollutant loading rate, which is the maximum amount of a pollutant that can be applied to a site

over its lifetime by all applications of biosolids meeting ceiling concentration limits.  Maximum

concentrations reported for Toledo Harbor sediments are considerably below respective

established ceiling concentration limits.

In addition to direct comparisons of total sediment concentrations to screening criteria,

considerations should also be given to the physical, chemical, and biologic changes that will

occur when the sediment is dredged and placed in an upland environment and the effect the

changes will have on contaminant mobilization and bioavailability. As the dredged material

dewaters and is exposed to oxygen in the atmosphere, it will dry and oxidize, which will change

the mobility, solubility and bioavailability of inorganic and organic compounds present in the

material. Contaminant mobilization and bioavailability is primarily dependent on a material’s

texture, organic matter content, and chemical properties such as acidity and oxidation/reduction

status.  In general, sandy sediments have little attraction for either toxic metals or synthetic

organics (pesticides and PCBs).  Fine-grained sediments such as silt and clay generally have a

much greater affinity for all classes of contaminants, thereby having an ability to reduce

contaminant mobilization.  Organic matter in the material usually decreases the mobility of

metals and serves as an energy source for sediment microbial populations that assist in organic

contaminant degradation of contaminants like PAHs.

An important factor governing the solubilities of various compounds in the exchange reactions

that occur between soil and water is pH.  In general, the solubility of metals tends to increase in

soil solution with decreasing pH, which increases the metal’s bioavailability.  Sediment pH can

also influence the sorption of organic molecules bound to the soil, which affects the leaching

potential of the organic compounds. Although no consistent regulatory criteria exists for

determining the significance of metal and organic concentrations in soils used to grow plants for

direct human or animal consumption, releases of metals in the dredged material should be

minimized given that weakly acidic soils are developed and maintained through the use of

buffering agents such as lime.
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2.3 Considerations for Agronomic Suitability
Physical and chemical properties of dredged material and upland soil are significant factors that

should be considered in the evaluation of potential sites for land application of dredged material.

The nutrient and metal content of the dredged material can affect the amount of material which

should be applied to the field and the ideal crop types.

Crops require a specific range of growing conditions, including nutrients, soil structure, and

drainage.  Proper drainage, or how long soils are saturated at or near the surface during the

year, is critical for all crops.  Crop success is also dependent on the condition and activities of

the root system, which controls uptake of nutrients and water from the soil and supports a

microbial environment that helps make nutrients available.  Proper drainage is critical to support

a healthy root system and ultimately will affect crop success.  Soils in northwest Ohio are often

modified with drainage improvements to allow soils to drain in order to plant crops earlier and

improve root health.

Corn, soybeans, and wheat were evaluated for use in the agricultural improvement option

because they are common crops grown in northwest Ohio.  Additionally, alfalfa was evaluated

due to its high water use, which could further aid in reducing moisture content of the sediment

and enhance the soil formation process especially post-application to accelerate dewatering

through evapotranspiration.  Corn and alfalfa have a much deeper root system than soybean

and wheat, as shown in Table 2.  Alfalfa requires much more water than wheat and soybeans,

while corn requires the least.  Alfalfa would be suitable for planting on the agricultural field in

order to take up significant moisture that would be contained within the dredged material.

Wheat also has a fibrous root system, tolerates wet soils, and is effective at reducing soil

erosion. While consideration was given to corn, soybeans, wheat, and alfalfa, other crops such

as barley, rye, and radishes could also be considered.

Multiple cropping, or the establishment and harvest of a second crop within the growing season,

is common in northwest Ohio.  Corn grown for silage following the first cutting of alfalfa, or

soybeans after winter wheat, is a common multiple cropping scenario in Ohio; however, many

other crop rotations are employed.  Alfalfa is sometimes broadcast seeded while the ground is

still frozen into smaller grains such as wheat with a primary purpose of weed control.  Because

of the large amount of water required for a multiple cropping system, it is generally successful in

soils with large water supply capacities, adequate drainage, and suitable root zone structure.
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The agricultural field improvement option could utilize a multiple cropping system, which would

also reduce soil and nutrient runoff by keeping residue on the field.  Selection of specific crops

and varieties for a growing season depends on many factors including weather and soil

conditions, soil fertility, and drainage conditions.  Many of the crops discussed above would be

suitable for growing on an agricultural field amended with dredged material.  Further evaluation

of suitable crops and potential rotations should be completed on a field-specific basis.  Best

management practices should be employed to ensure proper erosion controls, drainage

management, and invasive species management. Ultimately, crop type and rotation will and be

up to the farmer and/or landowner following completion of dredged material placement activities.

REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE
TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 2

TYPICAL SOIL AND DRAINAGE CONSIDERATIONS FOR SELECT CROPS1

Crop
Soil

Conditions pH

Typical
Root

Depth2
Water

Requirement3 Usual Plant Date

Usual
Harvest

Date4

Alfalfa Well-drained 6.5-6.8 3-4 feet High 4/1-5/1 or 8/1-8/15 5/25-9/11
Corn Well-drained 6.0-7.5 3 feet5 Low 4/24-5/24 10/11-11/20
Soybean Well-drained 6.0-6.5 1 foot Medium 5/3-5/30 9/30-10/31
Wheat Well-drained 6.0-6.5 1 foot6 Medium 10/2-10/25 8/2-8/17
Notes:

1. Source is the Ohio Agronomy Guide (Ohio State University, 2005), unless otherwise noted. pH reported in
Standard Units (S.U.).

2. Depth reported is the zone for most of the root growth. Taproots cab reach much deeper than depths listed.
3. Low = less than 400 pounds of water per pound dry crop; Medium = 400-700 pounds of water per pound dry crop;

High = greater than 700 pounds water per pound dry crop; Source: North Dakota State University, 2009. Crops
and Water Use.

4. USDA. 2010. Field Crops and Usual Planting and Harvesting Dates. Agricultural Handbook Number 628.
5. Rhodes, F.M. and Yontes, C.D. 1991. Irrigation Scheduling for Corn - How and Why. National Corn Handbook,

NCH 20.
6. Beuerlein, J. 2001. Relay Cropping Wheat and Soybeans. The Ohio State University Extension. AGF-106-01.

Crop growth is dependent on the bioavailability of 16 essential nutrients with different forms of

each nutrient taken up by the plant at various concentrations.  Table 3 presents the sixteen

essential nutrients, their symbol, and form taken up by plants.  Thirteen of the essential nutrients

are extracted from the soil and can be categorized as primary macronutrient, secondary

macronutrient, and micronutrients.  Primary macronutrients, including phosphorus, nitrogen, and

potassium, are nutrients required in the largest quantity while secondary macronutrients are

required in lesser amounts.  Finally, micronutrients are those nutrients required by plants in an

even lesser amount.  Crops also remove these nutrients from soil as they grow and are
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harvested.  In general, alfalfa removes the most nitrogen, phosphorus, and potassium followed

by corn, soybean, and wheat (Vitosh, M.L. et al. 2007).

REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE
TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 3

ESSENTIAL NUTRIENTS, ELEMENT SYMBOL, AND
CHEMICAL FORM TAKEN UP BY PLANTS1

Element
Element
Symbol Form Taken Up

Carbon C CO2
Hydrogen H H2O
Oxygen O H2O
Primary Macronutrients
Nitrogen N NH4+ and NO3-
Phosphorus P H2PO4- and HPO4

2-

Potassium K K+
Primary Macronutrients
Calcium Ca Ca2+

Magnesium Mg Mg2+

Sulfur S SO4
2-

Micronutrients
Iron Fe Fe2+ and Fe3+

Manganese Mn Mn2+

Boron B H3BO3
Chlorine Cl Cl-
Zinc Zn Zn2+

Copper Cu Cu2+

Molybdenum Mo MoO4
2-

Notes:
1. Adapted from the Ohio Agronomy Guide (Ohio State University,

2005).

The Tri-State Fertilizer Recommendations outline optimum soil test values for most crops in

Ohio, as reported in Table 4. Data from the USACE’s routine sampling of Toledo Harbor is

reported as total concentrations of a parameter, while the Tri-State Fertilizer Recommendations

are based on availability of the specific nutrient.  Therefore, a direct correlation cannot be made

between reported values from USACE and the optimum value as recommended by the Tri-State

Fertilizer Recommendations (Ohio State University, 2005). However, where available,

parameter concentrations reported for dredged material was compared to respective optimum

soil test total values for Ohio soils.
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE
TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 4

OPTIMUM SOIL TEST VALUES FOR SELECT INORGANICS FOR MOST CROPS IN OHIO
AND TOLEDO HARBOR FEDERAL CHANNEL SEDIMENT CONCENTRATIONS

Soil Test
Parameter1

Optimum Soil
Test Value

Dredged Sediment
Parameter

2010 Toledo Harbor
Federal Channel3

pH2 6.3 to 7.0 S.U. pH Not Reported
Available
Phosphorus 15-40 ppm Total Phosphorus 406 ppm

Exchangeable
Potassium 100-200 ppm Total Potassium 3,565 ppm

Exchangeable
Calcium 200-8,000 ppm Total Calcium 47,384 ppm

Exchangeable
Magnesium 50-1,000 ppm Total Magnesium 13,268 ppm

Available
Manganese 10-20 ppm Total Manganese 649 ppm

Available Boron 0.25 ppm Total Boron Not Reported
Available Zinc 1.5 ppm Total Zinc 129 ppm
Notes:

1. Adapted from the Ohio Agronomy Guide (Ohio State University, 2005).
2. Assumes mineral soil.
3. Maximum parameter concentration reported for 39 surface grab samples collected from the Lake

Channel (LM-0 through LM-13) and River Channel (RM-1 through RM-7) by the USACE in 2010
(USACE, 2012).

It is important to note that Tri-State Fertilizer Recommendations for phosphorus are based on

the colorimetric Bray-Kurtz P1 soil test method.  Many Ohio soil laboratories measure

phosphorus, as well as other nutrients (e.g. potassium, calcium, magnesium, etc.), using the

inductively coupled plasma (ICP) spectroscopy method Mehlich-3-ICP.  While the Bray-Kurtz P1

and the Mehlich-3-ICP test methods measure plant-available phosphorus, only total phosphorus

concentrations were identified in sediment samples by EPA Method 6000/7000 during USACE’s

2010 Federal channel sampling event. The 2010 average total phosphorus concentration in

dredged material from the Federal channel is 405 parts per million (ppm), or mg/kg.  This

average is within range of total phosphorus in Ohio soils, which varies from 250-750 ppm (Ohio

State University, 2005).  It is important to note that not all of this phosphorus is bioavailable, or

available for plants to utilize.
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Soil pH of a soil impacts the success of various crops.  For example, the recommended pH

range for alfalfa is 6.5 to 6.8 Standard Units (S.U.) while small grains (e.g. wheat, rye) are 6.0 to

6.5 S.U. (Vitosh, M.L. et al. 2007).  Liming is recommended when the pH range of a soil is

between 0.2 to 0.3 S.U. below the recommended level. While pH values for the dredged

material are not available, it is anticipated that the pH is within the range suitable for most crops,

as reported in Table 4.

Total potassium in Ohio soils range from 10,000 to 20,000 ppm, with only a small portion

available to the plant (Ohio State University, 2005). While Toledo Harbor dredged material

appears to have potassium levels below this range, potash could be added when additional

potassium is required. While calcium and magnesium availability are tied to pH, Ohio soils with

a pH above 5.5 S.U. are rarely deficient in these nutrients (Vitosh, M.L. et al. 2007).

Micronutrients such as manganese, boron and zinc are also highly pH dependent and can be

toxic if present in elevated levels.  For example, alfalfa and soybeans are highly sensitive to

high manganese levels.  Based on the average reported values in 2010 dredged material,

macronutrients and micronutrients are generally within the range reported in Ohio soils.

Agronomic testing could be completed as part of final engineering and design to determine if

any amendments are necessary to ensure optimum soil nutrient conditions for specific crops at

specific locations.
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3.0 REFINEMENT OF AGRICULTURAL FIELD IMPROVEMENT OPTION DESIGN,
IMPLEMENTATION METHODS, AND COST

3.1 Introduction
The projected relative costs and assumptions discussed in Section 6.0 of the THSMUP were

developed to achieve the same level of comparison among all options while completing cost

estimates with a similar level of detail.  Once an option is selected for further design, the option

would need to be further refined to determine the most economical and beneficial methods.

Based on recent discussions with Ohio EPA and other stakeholders, it appears that one of the

more sustainable sediment management options identified as part of work completed for the

THSMUP is the beneficial use of dredged material for agricultural field improvements.

Since the THSMUP comparative scoring analysis identified the agricultural field improvement

option as a preferred option that can be implemented relatively quickly and used to manage

dredged material over the long-term, additional refinement of the design and costs were

completed to better position the option for a pilot project or for consideration for full-scale

implementation. Detailed costs and associated calculations are discussed in the following

sections and are provided in Table 5 and Tables B-1 through B-4, which are included in

Appendix B. These tables provide a refinement of the agricultural field improvement option

preliminary costs presented in Section 6.0 and Tables H-1, H-4, and H-5 of the THSMUP. Only

cost element categories that are applicable to the agricultural field improvement option are

presented in this table. Table 5 provides the estimated total costs for various dredging methods

and includes major cost element categories (e.g. Item 2.0) used to derive the estimated total

costs.  Tables B-1 through B-4 detail the sub-components of each major cost element category

(e.g. Item 2.1, Item 2.2). Cost element categories may not be comparable with those in the

THSMUP.

The refined costs were based on a re-evaluation of the major design components, including the

most economical dredging and operational methods available, and a better defined site-specific

potential placement location.  A review of implemented agricultural field improvement projects

was also completed to assist in refinement of the design and cost-estimates.  While the refined

cost estimates are closer to a final opinion of probable costs, they should not be used for

potential funding values.  The steps and procedures involved in developing the refined cost

estimates are discussed below.

L-21



REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION
FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 16 DECEMBER 2012
TOLEDO, OHIO OLE001.100.0004

3.2 Results of Similar Agricultural Field Improvement Projects
Previous studies and implementation projects have documented potential benefits associated

with applying dredged materials to improve agricultural soils resulting in increased water-holding

capacity, enhanced crop growth (tilth), and increased hydraulic conductivity to improve

drainage.

Fine-grained dredged material collected from a former dredged material management facility in

Toledo, Ohio, known as Penn 7, has been demonstrated to increase agricultural production

when mixed with marginal, coarser-textured, agricultural soils (Gupta, 1978).  USACE

conducted greenhouse experiments to determine agricultural suitability of dredged material

collected from Penn 7 and from other locations in the United States.   Growth studies were

completed in a greenhouse for ryegrass and barley using dredged material, a marginal soil

collected near the Toledo Express Airport, various mixtures of dredged material and marginal

soil, and reference soils collected from a productive agricultural field in Minnesota.  The yield of

ryegrass and barley plants grown on the dredged material was greater than on the productive

Minnesota control soils, marginal soil, and the dredged material and marginal soil mixtures.

USACE attributed the increased yields on the fine-textured dredged material to greater nutrient

availability, to greater available water contents, or to a combination of both.  Penn 7 dredged

material contained slightly higher amounts of zinc, copper, nickel, and cadmium than the

majority of dredged materials evaluated in the study; however, plant growth did not appear to be

affected by uptake of these metals.

Application of dredged material on a 500-acre agricultural field was completed in Springfield,

Illinois, with only site-grading and a drainage ditch for dewatering.  Dredging was completed in

two phases over a three-year period.  Over 3.2 million (M) CY of sediment was dredged over a

three-year period and placed on the field at an average depth of 6 feet.  A drainage ditch was

installed and the site was grubbed, graded, and planted with corn three years after the end of

dredging. The first planting of corn resulted in a relatively low yield in comparison to the

Sangamon County average. Corn yields remained slightly less than average county yields

during subsequent normal growing seasons, and the field was planted with soybeans. Soybean

yields exceeded the Sangamon County average. The difference between corn and soybean

yields is attributed to less subsurface moisture impact to the shallow-rooted soybeans than to

the deeper-rooted corn (Agricultural Watershed Institute, 2005). The Illinois study also showed

soybean yields higher than the county average during periods of drought, which is attributed to
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the moisture retaining capacity of the fine-grained dredged material.  Since residual moisture

content affected crop yields of agricultural fields amended with fine-grained dredged material in

Illinois, a Toledo Harbor agricultural field improvement option will include a subsurface drainage

to enhance drainage and improve tilth.

Between 2000 and 2005, approximately 450,000 CY of silty, uncontaminated, freshwater

dredge material was removed from the Potomac River near Washington, DC. Dredged material

was used to create a productive agricultural soil in Charles City County, Virginia and placed on

previously reclaimed sand and gravel mine (Daniels et al., 2007). Dredged material was

dewatered for one year, amended with varying rates of yard waste compost, and planted with

winter wheat in the fall of 2001 and corn in the spring of 2002 and 2003. The dredged material

was converted to suitable agricultural soil within two years after placement and corn and wheat

crop yields grown on this agricultural field were at or above county averages from 2002 through

2006.

In addition to the studies above, Ohio Department of Natural Resources (Ohio DNR) Division of

Parks and Recreation is placing material dredged from East Harbor at East Harbor State Park

on agricultural fields.  Material is being hydraulically dredged and pumped through a temporary

pipeline and booster pump into a dredged material relocation area (DMRA) on an agricultural

field.  The DMRA consists of four cells separated by dikes approximately 9.5 feet in height.  An

adjustable box weir and perimeter ditches are being used to control discharge water through the

cells.  Over the course of four to five years, a total of approximately 250,000 CY of material will

be placed into the cells. Once placement of dredged material is complete, the DMRA will be

graded as agreed upon by the landowner and Ohio DNR.  The final use of the property is up to

the landowner but could include future use as a fruit farm or potential development. A

memorandum summarizing the placement of dredged material in the DMRA and photographs,

as discussed during a site visit by Ohio DNR and Hull, is provided as Attachment A.

3.3 Potential Candidate Locations for Implementation
A review of local property public records and field-scouting identified two to three property

owners and six to nine potentially suitable property parcels for implementation of this option.

These parcels would be capable of handling 10.5M CY of dredged material over 30 years.

Locations for placement sites and infrastructure development were driven by and a visual record

was made documenting the feasibility of implementation. The locations are all rural zoning lots
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with topographic characteristics capable of supporting this option, have an average parcel size

of approximately 150 acres, and are within five miles of the potential location of the main near

shore booster pumping station. Landowners could lease their land to allow for site development

in exchange for the benefits of owning an enhanced agricultural property. They would also

receive compensation for their land (assumed at a rental cost of $300 per acre per year) for the

farmland that would not be able to produce the normal cash crop during the development,

placement, dewatering and replenishing periods. The parcels are located in eastern Lucas

County and offer relatively easy access for the on-land pipelines through public road right-of-

ways and minimal 90-degree turns and minimal road crossings. During the field-scouting it was

determined that the pipeline could be located within the public utility easement.  If existing

unidentified utilities and/or ditches occupy the area, the purchase of additional land might be

required. It was assumed that a thirty foot wide strip of land for the full length of pipe (seven

miles was assumed) would be purchased at a cost of $6,000 per acre for the easement.

Independently of which dredging and operation methods are used, as described in Section 3.6,

a system would need to include a centralized pumping station on land and additional upland

pipelines leading to the agricultural field site(s).  The main booster pump facility would be

located onshore, near Maumee Bay State Park at a cost of $25,000 (not including the pump).

The facility would provide a mechanical connection with a permanent underwater pipeline

originating near the center of gravity of historic dredging operations (see Figure 1).  The booster

pump would be appropriately sized to handle the discharge volume that results from the

hydraulic dredge or the pump-out system.  The booster pump may initially be rented, but for the

purpose of the refinement cost it was assumed that the pump would be purchased and

maintained for the 30-year option for an initial purchase cost of $250,000 for each pump. It was

assumed that each booster pump would have a life of ten years before it would need a major

maintenance overhaul or replacement. The permanent booster pump would range between 16

inches and 24 inches and would be operated by an electrical engine, ranging between 465

kilowatt and 640 kilowatt capacity, to reduce cost and noise. The operational cost of $0.15 per

kilowatt-hour was applied to the required pumping time. It was assumed the permanent booster

pump would be housed inside an all-weather building and fenced in for security. One additional

booster pump and facility would likely be required depending on the final pumping distance and

the size of pump(s) selected during the detailed design/planning phase. It is anticipated that

sites within a five-mile radius will be sufficient for the initial phases of this option and seven

miles of buried pipeline would be installed.  However, sites further than five miles could be
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needed earlier based on the overall acceptance and success of this option, and the relative

reliance on this option as part of the overall strategy. Costs associated with the site

development are identified by Item 5.0 of Tables B-1 through B-4, provided in Appendix B.

3.4 Pipeline Requirements
The pipeline required for this option (including the hydraulic dredge discharge line, the

underwater pipeline, and the upland pipeline) would be high-density polyethylene (HDPE)

material, with Standard Dimension Ratio (SDR) of 11.  The SDR is a direct relation between the

pipe outside diameter and wall thickness, where the lower the SDR, the thicker the pipe wall.

HDPE is a very resistant material that provides significant physical flexibility and is relatively

simple to install.  It is commonly used in fine-grained slurry applications where abrasion from

large-size particles is not a concern.  SDR 11 is the lowest SDR readily available in the market

as it is a standard stocking item and would be adequate for this application.

The installation of an underwater conveyance system to transport the dredged material from an

area near the center of gravity to a booster pumping station on land would be required for all

operations. The dredged material would be pumped through a permanent HDPE SDR 11

underwater pipeline varying in size between 16 inches and 24 inches. This pipeline would be

installed at an adequate depth to allow vessels to pass over and not cause a navigational

hazard. The installed price range between $180 and $345 per lineal foot was used for the

permanent underwater pipeline. Costs associated with the conveyance system are identified by

Item 7.0 of Tables B-1 through B-4, provided in Appendix B. The upland pipeline would be

between 12 inches and 24 inches and the installed price ranges between $50 and $115 per

lineal foot.
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3.5 Dewatering and Structural Controls
Because the dredged material will be delivered to the site as a slurry mix, the sediment will need

to be dewatered.  This will be accomplished via the installation of weirs in the containment

dikes.  The weirs, which regulate the decanted water discharged from within the containment

structure, will be installed in the higher levels of the dikes and in opposite locations from the inlet

relative to the site layout to allow the dredged material to settle in the bottom prior to the water

reaching the weirs and being discharged.  The underground drainage lines will also help in

dewatering as it will drain the water-laden sediment.

A series of interior trenches and drainage piping could be installed, at a cost of $3 per lineal

foot, to assist the dewatering process during placement of material and allow for future drainage

at the completed agricultural field.  Water would be collected and gravity drained by perforated

tile drainage pipe to an internal “edge of field” sub-drain filter system which would outlet to a

perimeter “edge of field” buffer strip and controlled drainage structure outfall. The “edge of field”

system would be implemented on up to ten percent of the overall placement site, depending on

field configuration and property proximity to surface water features, for a cost of $6,075 per acre

of the edge of field system. This system would minimize runoff from the agricultural field and

serve as a best management practice for nutrient management, and coincidentally would be the

only practical way that passive treatment of tile discharge could occur using a perimeter system

approach in many areas of northwest Ohio due to the relative lack of a topographic relief and

reliance on constructed drainage ditches. Costs associated with the site development are

identified by Item 5.0 of Tables B-1 through B-4, provided in Appendix B.

3.6 Evaluation of Overall Dredging and Relocation Operation
Different dredging methods and conveyance systems were evaluated to determine the most

cost-effective and feasible means of implementing the agricultural field improvement option. A

mechanical dredge with a pump-out area and various sized hydraulic dredges, all with a

conveyance system are discussed in the sections below.

3.6.1 Mechanical Dredge with Pump-out Area
One option to relocate the dredged material to the selected final site(s) is to construct a pump-

out area located near the overall center of gravity of dredging operations.  This option would

include the continuation of current USACE mechanical dredging methods and hauling the

material to the pump-out area and releasing the material from the bottom of the scow. A re-

L-29



REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION
FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 24 DECEMBER 2012
TOLEDO, OHIO OLE001.100.0004

handling area would be dredged to the required size and depth, which allows the scow to have

appropriate mobility.  There the material would be collected by a pump-out system, which would

include a series of pumps and/or manifolds to collect the dredged material as well as a sufficient

amount of water to pump the slurry mix. The development cost for this system would include

the purchase of pumps, pumping costs, docking structures and other miscellaneous

improvements.

The estimated cost for an alternative considering the current dredging methods and the pump-

out area is $11.10/CY (2012 dollars) and is inclusive of all the required development in-water,

upland, and at the agricultural sites.  The capital cost is based on the management 10.5M cut

CY over an initial 30-year period.  The cost per CY would be reduced as the volume of cut CY

managed through the system is increased due to the fixed cost to develop the pump-out area.

The major cost component categories for the mechanical dredge evaluation are identified in

Table 5. Refined unit cost calculations for mechanical dredge and pump-out area are included

in Attachment B. The sub-components of the cost categories are identified in Table B-4, where

appropriate.

3.6.2 Hydraulic Dredge with Conveyance System
Another option to relocate the dredged material to the selected final site is to use a hydraulic

dredge, which would eliminate the need of a fixed pump-out system. The discharge line for the

hydraulic dredge would consist of a HDPE pipe varying in size between 16 inches and 24

inches, which would be dependent upon the size of the hydraulic dredge used. For cost

estimating purposes and to provide an understanding of the range of options for a hydraulic

dredge, the use of a large dredge and a small dredge were evaluated considering the use of a

permanent underwater conveyance pipeline, as discussed below in sections 3.6.2.1 and 3.6.2.2,

respectively.

Another possible temporary option is to use a hydraulic dredge with a floating discharge line that

would extend from the center of gravity to the on-shore booster facility. This would eliminate the

need of a pump-out area and possibly reduce the extent of a permanent underwater pipeline.

Measures would need to be taken to ensure that the discharge pipeline would not disturb

recreational and shipping vessels, which would increase the dredging cost and associated

mobilization/demobilization costs. The material would then be pumped through the additional
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pipelines and to the constructed agricultural field locations as previously discussed above in

Sections 3.3 and 3.4.

3.6.2.1 Large Hydraulic Dredge
The largest hydraulic dredge that would reasonably be used in this application is a 24-

inch dredge.  This type of hydraulic dredge could pump an estimated range of 700 and

1,000 cut CY of dredged material per hour for an additional cutting depth range of two to

four feet below the channel. Based on an annual cut amount of 350,000 CY dedicated

to this option, and a 24-hour a day dredging operation, the required time period for

dredging would be between 14 and 21 days.  The estimated cost to operate the

hydraulic dredge is between $6.00/CY and $9.50/CY based on the daily productivity

above and a fuel cost of $4.00 per gallon.

3.6.2.2 Small Hydraulic Dredge
The smallest hydraulic dredge that would reasonably be used in this application is a 16-

inch dredge.  This type of hydraulic dredge could pump an estimated range of 300 and

500 cut CY of dredged material per hour for an additional cutting depth range of two to

four feet below the channel. Based on an annual cut amount of 350,000 CY dedicated

to this option, and a 24-hour a day dredging operation, the required time period for

dredging would be between 29 and 49 days.  The estimated cost to operate the

hydraulic dredge is between $6.50/CY and $10.50/CY, based on the daily productivity

above and a fuel cost of $4.00 per gallon.

The use of a hydraulic dredge appears to be more economically and logistically feasible

than the current methods and a pump-out area.  However, hydraulic dredges have not

been used in the Toledo Harbor since 2006, and it could be a challenging to find a

hydraulic dredge that meets the current federal procurement requirements (e.g., U.S.

flag vessel, small business, etc.).  If, during the planning/design period, it is determined

that the use of a hydraulic dredge is not feasible, the pump-out area concept can be

used instead of the hydraulic dredge.

The refined estimated cost for the hydraulic dredging methods and transport through a

conveyance system ranges between $10.10 and $11.50/CY (2012 dollars) and is

inclusive of all the required development in-water, upland and, at the agricultural site.
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The capital cost is based on the management 10.5M cut CY over an initial 30-year

period.  The cost per CY would be reduced as the volume of cut CY managed through

with the dredge is increased due to the fixed cost to either purchase the dredge or the

mobilize/demobilize cost associated with contracting on a yearly basis. The major cost

component categories for the hydraulic dredge evaluation are identified in Table 5.

Refined unit cost calculations for each hydraulic dredge size evaluated are included in

Attachment B.  The sub-components of the cost categories are identified in Tables B-1

through B-3, where appropriate.
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE
TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE 5

COMPARISION OF RELATIVE UNIT COSTS OF THE
REFINED AGRICULTURAL FIELD IMPROVEMENT OPTION

USING DIFFERENT DREDGING AND RELOCATION METHODS1,2,3,4

Item # Description

Overall Dredging and Relocation Operation Method

16"
Hydraulic

Dredge

18"
Hydraulic

Dredge

24"
Hydraulic

Dredge

Mechanical
Dredge and
Pump-out

Area
2.0 Containment Structure (Dike) $0.20 $0.20 $0.20 $0.20
5.0 Habitat/Site Development $1.10 $0.90 $0.90 $0.90

7.0
Pump-out Area and/or
Conveyance System $0.60 $0.70 $0.90 $1.50

Subtotal 1 $1.90 $1.80 $2.00 $2.60

9.0
Mobilization and Demobilization
(8% of subtotal 1)5 $0.20 $0.10 $0.20 $0.20

Subtotal 2 $2.10 $1.90 $2.20 $2.80

12.0
Planning, Engineering, and
Design (10% of subtotal 2)6 $0.20 $0.20 $0.20 $0.30

Subtotal 3 $2.30 $2.10 $2.40 $3.10
14.0 Dredging Method $6.80 $6.00 $6.80 $5.80

Subtotal 4 $9.10 $8.10 $9.20 $8.90
15.0 Contingency (25% of subtotal 4)7 $2.30 $2.00 $2.30 $2.20

Relative unit costs ($/CY) $11.40 $10.10 $11.50 $11.10

Estimated by: Moffatt & Nichol/Hull & Associates, Inc. Calculated by: Peter Kotulak/Philip Hicks
Checked by: Fernando Camargo

Notes:

1. This table provides a refinement of the agricultural field improvement option preliminary costs presented in Section
6.0 and Table H-1 of the THSMUP.  Only cost element categories that are applicable to the agricultural field
improvement option are presented in this table.

2. Detailed assumptions for each option and major cost elements are presented in Section 3.0.
3. Cost elements are reported as $/CY in 2012 dollars (unless otherwise noted) and are rounded to the nearest $0.10.

Costs per CY assume each option would accommodate 10.5 M CY.
4. Unit cost calculations are included in Tables B-1 through B-4.
5. Cost for mobilization and demobilization was assumed to be 8% of all construction costs, not including the baseline

dredging cost.
6. Planning, engineering, and design (PED) was assumed to be 10% of all additional costs implemented to the baseline

dredge cost, including the mobilization and demobilization.
7. A contingency was assumed to be 25% of all costs, including the baseline dredge cost.  The contingency is related

to additional project requirements and associated costs that were not determined during this preliminary evaluation.
These requirements and associated costs will be included in a detailed design.
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3.7 Conceptual Phasing for Implementation
The actual volume of dredged material is unknown and assumptions were made based on

historical data and projected consolidation rates to determine the required capacity.  In order to

project actual consolidation rates, additional sample collection and testing will be required.  The

current volume assumed is based on cut CY, which are inclusive of the buoyant forces acting on

the sediment prior to removal from the lake.  Once the sediment is removed from the lake, the

water is removed and the overall volume is reduced. For other the agricultural field

improvements option, additional consolidation will occur and the overall volume will be reduced

further when the sediment is placed into the containment area. It was assumed that an

estimated 60% volume reduction will occur after dewatering and evapotranspiration. An

evaluation of the projected consolidation should be completed prior to the design and to help

determine the final option or combination of options.

The agricultural field improvement option would most likely need to be implemented in a phased

approach.  As discussed above, the average site is 150 acres, and based on an average

minimum fill of four feet, it can manage approximately 1.4M cut CY of dredged material.  Each

site will be comprised of four cells where each cell would receive approximately 350,000 cut CY

of dredged material per year. The cells will be constructed of clay or on-site material and be of

sufficient construction to contain the dredge material and water slurry. It will take approximately

four years to fill the entire site.  Each site is subdivided into four cells to allow the property

owner, or lessor, to use the undisturbed areas while filling operations are being completed in the

constructed cell. Costs associated with the containment structures are identified by Item 2.0 of

Tables B-1 through B-4, provided in Appendix B.

The following is a conceptual phasing for a typical 150-acre site:

 Year 1: construct Cell 1 (1/4 of the total site) and fill with dredged material;
continue farming the remaining 3/4 of the site.

 Year 2: construct Cell 2 (1/4 of the total site) and fill with dredged material;
dewater and plant land cover crop in Cell 1; continue farming the remaining 1/2
of the site.

 Year 3: construct Cell 3 (1/4 of the total site) and fill with dredged material;
dewater and plant land cover crop in Cell 2; till Cell 1; continue farming the
remaining 1/4 of the site.
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 Year 4: construct Cell 4 (1/4 of the total site) and fill with dredged material;
dewater and plant land cover crop in Cell 3; till Cell 2; begin farming Cell 1.

 Year 5: dewater and plant land cover crop in Cell 4; till Cell 3; begin farming Cell
2 and continue farming Cell 1.

 Year 6: till Cell 4; begin farming Cell 3 and continue farming Cells 1 and 2.

 Year 7: begin farming Cell 4 and continue farming Cells 1, 2, and 3.

Depending on the site’s physical characteristics and the agreement with the property owner,

subsequent layers may be applied to the field in a similar phasing plan raising the improvement

height above four feet. The increase in height would improve the drainage in the agricultural

field and allow the owner to access the areas earlier than the previous elevations did. Planting

the field earlier would be of great benefit to allow the crops to take advantage of the spring rain

and advance the growth prior to the typically drier conditions encountered during the summer.

The agricultural field improvement option will reduce re-suspension of sediments and long-term

nutrient loadings to surface water and will complement the 4R Nutrient Stewardship initiative,

which encourages farmers to adopt production guidelines that decrease the impact of

agricultural nutrients (primarily dissolved phosphorus) entering streams and water resources.

The 4R Nutrient Stewardship concept promotes using the right fertilizer source, at the right rate,

at the right time, with the right placement (Fertilizer Institute, 2012).
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4.0 SUMMARY AND NEXT STEPS

The THSMUP identifies and prioritizes practicable, implementable, economically sound, and

environmentally acceptable options, which could be implemented by federal, state, municipal,

and private entities that must dredge areas of the Toledo Harbor to maintain safe conditions for

marine commerce, recreational navigation, and other purposes.

The agricultural field improvement option was one of several options ranked and prioritized

through a comparative scoring analysis, which focused on general physical attributes, logistics,

geographic attributes, historic and projected dredging volumes, habitat areas, initial cost

estimates, and stakeholder input on the relative importance of six major categories of technical

criteria.  These criteria included feasibility, ecological benefits/effects, environmental

benefits/effects, human benefits/effects, economic benefits/effects, and implementation cost.

The goal of the comparative scoring analysis was to complete a fair, equitable evaluation of

options that can be very dissimilar in both overall design goal and implementation.

The next steps for this option include the following:

1. Pilot study – perform a pilot study to demonstrate the suitability of the agricultural
field improvement option as a viable sediment management and use option for
Toledo Harbor dredged material; and

2. Contact potential site property owners and secure legal agreements; determine
sequencing plan for the sites.

If Steps 1 and 2 are successful, the steps below would be completed.  Note that these steps can

be performed concurrently for different sites if dredging operations allow.

3. Permitting/easements and design of the infrastructure – pumping and pipeline
system for Site 1;

4. Permitting and design of Site 1 – containment dikes, inlet/outlet structures,
drainage tiles, and structural controls;

5. Bid, contract, and construction activities for Steps 3 and 4 above;

6. Begin filling Site 1; and

7. Follow Steps 3 through 6 above for next site in the sequencing plan and so forth.

L-36



REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION
FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

SUBMITTED: DECEMBER 31, 2012

HULL & ASSOCIATES, INC. 31 DECEMBER 2012
TOLEDO, OHIO OLE001.100.0004

Potential locations for the implementation of a pilot agricultural field improvement project include

the City of Toledo-owned and Port-owned parcels, as well as other readily available plots along

the Maumee River and Bay.  A small-scale project using methods similar to that described in

Section 3 could be implemented on a relatively small parcel (less than 10 acres) to demonstrate

the feasibility and implementability of this option. Figure 1 shows a conceptual layout for a pilot

agricultural field improvement project. Several cells could be used to test various conditions

and methods. For example, different cells could be used to place material at varying depths to

test factors such as dewatering time, soil structure, and crop success.  Potential amendments

(e.g. lime to adjust pH) could be added during this time to allow sufficient time for the soil to

assimilate. Additionally, the pilot project could include local universities to incorporate edge of

field studies related to nutrient runoff and best management practices.
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The physical characteristics of the dredged material are similar to naturally productive, fine

textured agricultural soils in northwest Ohio.  With the construction of proper engineered

controls to facilitate dewatering and proper handling, tillage, and fertility treatments, the dredged

material can develop into a productive agricultural soil.

Concentrations reported for some metals and organics in sediments collected from several

areas of the Federal channel are somewhat elevated compared to other areas of the channel

and to background values for terrestrial soils in the area.  Although no consistent regulatory

criteria exists for determining the significance of metal and organic concentrations in soils used

to grow plants for direct human or animal consumption, releases of metals should be minimized

given that weakly acidic soils are developed and maintained using buffering agents such as lime

as necessary. The dredged material’s organic content will be beneficial to interim retention and

in-situ biologic degradation of residual organics and will develop a microbial community capable

of anaerobic degradation of organic compounds.  Additional research into specific plant uptake

of metals and organics might be evaluated prior to implementation at a specific site and using

dredged material from a specific reach of the channel.

Prior to land application of dredged material, it is expected that property owners would require a

demonstration that the dredged material are as follows:

 Contaminants that might be present do not pose an unacceptable risk to human
health and the environment;

 Nutrients and texture is compatible with current field conditions;

 Traditional farming practices and equipment can be employed after material is
land-applied and returned to the farmer;

 Level of effort for maintenance of ditches, tiles, and structural controls.

The agricultural field improvement option is a viable, cost-effective sediment management and

use option for material dredged from Toledo Harbor.  A pilot project of this option could serve as

a model for beneficial use of dredged materials on agricultural fields and demonstrate the

implementability of a full-scale project.
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3401 Glendale Avenue, Suite 300  Toledo, Ohio 43614  (419) 385-2018  (419) 385-5487 fax

Memorandum
TO: John Hull, P.E.

FROM: Philip A. Hicks, P.E. and Kristin Gardner, Hull & Associates, Inc.

DATE: November 15, 2012

RE: Summary of East Harbor State Park Upland Placement of Dredged Material Site
Visit; OLE001.100.0003

Introduction
This memorandum has been prepared to provide a summary of the current practice and
management of the upland dredge material relocation area (DMRA) being implemented at East
Harbor State Park, located in Lakeside-Marblehead, in Ottawa County, Ohio. The park is
comprised of three sections: West Harbor, Middle Harbor, and East Harbor. Several marinas
are located within the East Harbor portion of the park and periodic dredging is required to
maintain access to Lake Erie. Ohio Department of Natural Resources (ODNR) Division of Parks
and Recreation is funding and managing the dredging of portions of East Harbor and the
placement of dredged materials on an upland farm field, which is approximately 30 acres of flat
agricultural land. ODNR Division of Parks and Recreation has designed the current dredging
and placement process, coordinated permitting associated with the project, and is managing the
implementation of the project.  This memorandum documents discussions regarding the
placement of dredged material at East Harbor State Park during a site visit conducted on
November 13, 2012 by ODNR and Hull & Associates, Inc. The dredging and upland placement
locations and layout of the DMRA are included in Attachment A. Photographs 1-14, included in
Attachment B, were taken during the site visit and illustrate major components of the
implementation of the project.

Site Description and Project Overview
East Harbor is approximately 800 acres and has an average depth of 5 to 6 feet. In order to
provide adequate access for recreational boaters, a 100 foot channel is being hydraulically
dredged an additional 4 feet, to a total channel depth of approximately 9 feet.  The hydraulically
dredged material is transported through a pipeline and booster pump system to the DMRA. The
project is estimated to take 4 to 5 years and will place approximately 224,000 cubic yards (CY) of
dredged material into the DMRA.

The dredged material consists mainly of silts and clays with isolated areas having higher
percentages of sand. These sandier areas are not being used for beach nourishment due to the
impracticality of separating and transporting this relatively small volume separately from the rest
of the material being placed into the DMRA.  Prior to implementation, two soil samples from the
DMRA and five sediment samples from the harbor were collected and analyzed for a suite of
parameters (e.g. polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
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metals) to ensure the material was appropriate for the end-use and also to establish baseline
conditions. Sediment results were evaluated based on available sediment quality guidelines.

ODNR coordinated Section 401 and 404 permitting with the U.S. Army Corps of Engineers
(USACE), Buffalo District.  ODNR also completed additional coordination with the Ohio EPA,
Ohio Historical Preservation Office and U.S. Fish and Wildlife Service was completed, including
a Phase I archaeological survey and an endangered species evaluation. This project was
authorized under a Nationwide 16 permit, which allows for the release of return water into East
Harbor from the upland dredge material placement location. The permit specifies that no in-
water work can take place from April 15th and June 30th to reduce impacts to fish spawning,
nursing, and feeding. Since the issuance of the permit, ODNR was granted a waiver to allow
dredging during the environmental window.  This will allow ODNR to reduce costs and compress
the schedule duration.

Dredging Operations
A 475 horsepower (HP) hydraulic suction dredge with a 12 inch by 10 inch pump excavates the
dredged material and transports it approximately 3,500 feet through a temporary 12-inch high-
density polyethylene (HDPE) pipeline to an upland booster pump (Photos 1 and 2). The pipeline
is marked with orange buoys every 100-200 feet and floats in the water at East Harbor. The
upland booster pump is a 12-inch slurry pump driven by a 425 HP diesel engine.  The booster
pump transports the material through a 12-inch HDPE pipeline overland to the DMRA, which is
located approximately 4,000 feet inland (Photos 3 and 4).  Although ODNR believes the pipeline
is designed and operated to avoid leakage, a portion of the pipeline is encased in a 16-inch
metal casing and buried approximately one foot below ground surface to accommodate one
property owner’s concerns.

The DMRA is designed as four separate cells.  Each cell is contained by dikes, approximately
9.5 feet in height. The dikes are designed in accordance with the Ohio Revised Code Section
1521.06 Construction permits for dams or levees required – exceptions. A dam is defined by a
certain height, width, and/or storage capacity behind an embankment. If a design does not meet
the exceptions, the regulations and permit requirements may increase due to safety concerns
(e.g. flooding and potential loss of life, etc.) associated with the volume of water stored behind a
dam. Dike/dam heights are measured from the lowest ground elevation at the outside limit of
the dike/dam to the top of the dike/dam. A “bowl” was excavated within the cell to hold more
dredged material, and the material excavated from the “bowl” was used to build the dikes. Each
single cell will be filled to capacity prior to discharging dredged material to the next cell (Photos
5-9).  The filled cell must be breached prior to placing dredged material, in order to eliminate the
cells capability of having a water storage capacity. Since the cells share a common dike, if one
cell is not breached, the combined storage capacity would classify the dikes as a dam. It is
expected that material in the first cell will consolidate while material is being placed in the
following cells, potentially allowing additional material to be placed into the first cell.  The
consolidation of the material was not included in the original design capacity.

Water within the cell flows through a silt curtain to an adjustable box weir, which is used to
control the discharge of water runoff within each cell (Photos 10 and 11). Water within each cell
is discharged through the box weir to a perimeter ditch containing check/filter dams (Photos 12-
14). This perimeter ditch discharges to the existing open ditch that eventually discharges water
back into East Harbor. Maintenance of the ditches may be required over the project duration.

Right of entry was required where the pipeline crossed private properties and roads.  ODNR
leased rights to two properties and was provided free passage through one property.  Since the
12-inch HDPE pipeline needed to cross State Route 163, ODNR worked with Ohio Department
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Memorandum
OLE001.100.0003
November 15, 2012
Page 3

of Transportation (ODOT) to install the pipeline under the road.  ODOT assisted in the
installation of the pipeline to ensure the pipeline did not adversely affect the stability of the road,

ODNR and the DMRA landowner have a contractual agreement which specifies that the property
be returned at a specific elevation at the completion of the project. This might require re-grading
of the site after final placement to achieve the specified elevations. The end use of the property
is unknown, but could include agricultural use, future development, or mining for sale of
topsoil/fill. At project completion, ODNR will remove the booster pump and pipeline and
coordinate with State and federal agencies as necessary during removal activities.

Current Status and Summary
The first and second cells of the DMRA have been constructed, and ODNR is currently dredging
and placing material into the first cell. Approximately 60,000 CY has been dredged, with plans to
dredge around 250,000 CY in the next 4 years.  Areas of the first cell where material was placed
last year have recently become vegetated with dense stands of phragmites. ODNR staff
indicated that the plant growth started within the last few months. While ODNR staff hope that
final grading of the site will address the phragmites growth, no invasive species management
plan exists for the DMRA.

If projects similar to the East Harbor project were implemented, ODNR recommends that the
public be kept informed on project activities. For example, ODNR invited the public to watch the
dredging and board the dredging vessel during East Harbor project activities. ODNR also
recommended that site access controls be established to minimize potential trespassers and
public safety concerns.
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PHOTO 1: Material is hydraulically dredged from the channel and travels through a 12-inch HDPE
pipeline (far right).

PHOTO 2: Dredged material travels through the pipeline and booster pump.

Upland Placement of Dredged Material

Project Number: OLE001
Site Photographs

November 2012

East Harbor State Park

Middle Harbor and Upland Placement Site
Ottawa County, Ohio

File Name:

OLE001.100.0002.XLS

Date:

3401 Glendale Avenue
Suite #300
Toledo, Ohio 43614
© 2012, Hull & Associates, Inc.

Phone: (419) 385-2018
Fax:      (419) 385-5487
www.hullinc.com
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PHOTO 3: Dredged material travels south through the pipeline toward the upland placement area.
While the pipeline is designed to avoid leakage, a portion of the pipeline is encased
and buried to address one landowner's concerns.

PHOTO 4: 12-inch HDPE pipeline traveling south to the upland placement area.

East Harbor State Park

November 2012Upland Placement of Dredged Material
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www.hullinc.com
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PHOTO 5: Dredged material is pumped into a cell of the dredged material relocation area.

PHOTO 6: Empty constructed cell and dike of the dredged material relocation area.

East Harbor State Park

November 2012Upland Placement of Dredged Material

Site Photographs
Project Number: OLE001

Middle Harbor and Upland Placement Site File Name:

Ottawa County, Ohio OLE001.100.0002.XLS

Date:

3401 Glendale Avenue
Suite #300
Toledo, Ohio 43614
© 2012, Hull & Associates, Inc.

Phone: (419) 385-2018
Fax:      (419) 385-5487
www.hullinc.com

Date:

L-55



PHOTO 7: Cell currently being filled at the dredged material relocation area.

PHOTO 8: Dredged material was placed in this portion of the cell last year and became
vegetated within the last few months.
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PHOTO 9: Water depths vary in the cell currently being used to place dredged material.

PHOTO 10: A silt curtain reduces the flow of water and quantity of sediment in the
water before it enters a box weir .
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PHOTO 11: A box weir is used to control discharge of water from the cell into the perimeter ditch.

PHOTO 12: Water discharges from the outlet structure through erosion protection (rip-rap)
prior to entering the perimeter ditch.
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PHOTO 13: Perimeter ditch along the dredged material relocation area.

PHOTO 14: The perimeter ditch contains check/filter dams to reduce turbidity.
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APPENDIX B

Refined Cost Estimates for Agricultural Field Improvement Option
Using Different Sized Hydraulic Dredges
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-1

2.0
2.1 Interior - Berms / Containment Structures3 5,000 LF 1.2 CY/LF 6,000 CY $10 $60,000 $0.04
2.2 Exterior - Berms / Containment Structures4 10,000 LF 2.4 CY/LF 24,000 CY $10 $240,000 $0.17

$300,000 $0.20
x 7.5 Sites

$2,250,000 $0.20
5.0
5.1 Drain Tiles6 135 AC 872 LF/AC 117,720 LF $3 $353,160 $0.25
5.2 Secondary Controls7 1 SITE 15 AC/SITE 15 AC $6,075 $91,125 $0.07
5.3 Misc. Improvements /  Access8 1 SITE 1,200 LF/SITE 1,200 LF $22 $26,400 $0.02
5.4 Pump Operations (electric)9 2900 HR 930 KW 2,697,000 KWH $0.15 $404,550 $0.29
5.5 Above Grade HDPE Pipe10 1 SITE 1,200 LF/SITE 1,200 LF $50 $60,000 $0.04
5.6 Management/placement/pumping11 2900 HR 3 MEN 8,700 MH $50 $435,000 $0.31
5.7 Land Rental12 150 AC 3 YR 450 AC-YR $300 $135,000 $0.10
5.8 Land Cover (alfalfa)13 135 AC/SITE 1 SITE 135 AC $100 $13,500 $0.01

Subtotal Cost per Site22 $1,518,735 $1.10
x 7.5 Sites

$11,390,513 $1.10
7.0
7.1 Booster Pump Facility15 3 EA/LOCATION 2 LOCATION 6 EA $25,000 $150,000 $0.01
7.2 Pump Cost16 3 EA/LOCATION 2 LOCATION 6 EA $225,000 $1,350,000 $0.13
7.3 Dredging for Pipeline17 1 CY/LF 10,000 LF 10,000 CY $15 $150,000 $0.01
7.4 In Water HDPE Pipe18 1 EA 10,000 LF/EA 10,000 LF $180 $1,800,000 $0.17
7.5 Below Grade HDPE Pipe19 7 MI 5,280 LF/MI 36,960 LF $60 $2,217,600 $0.21
7.6 Easement Cost20 7 MI 3.6 AC/MI 25 AC $6,000 $152,727 $0.01

$5,820,327 $0.60
14.0
14.1 16" Cutter-Suction Dredge21 350,000 CY/YR 30 YR 10,500,000 CY $6.75 $70,875,000 $6.75

$70,875,000 $6.80
$90,335,840 $8.70

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

1.

2. The containment structure (dike) items are based on one site that has a capacity of 1,400,000 cut cubic yards of dredged material.
3. This item is based on an interior berm used to divide a 150-acre site in four cells. The volume is determined by the length, width and height of four feet.
4. This item is based on a square 150-acre site consisting of a perimeter containment berm with a volume determined by the perimeter length and height of five feet.
5. The habitat/site development sub-items are based on one site with a capacity of 1,400,000 cut cubic yards of dredged material.
6. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.
7. This item includes the cost to install a 50-foot wide buffer strip and a controlled drainage system with outfall.
8. This item includes the cost to develop an access point to the placement area for labor and maintenance crews, which consists of a 15' x 1,000' aggregate base access road, culvert and security gate.
9. This item is based on typical local electrical rates to operate the booster pumps with minimal labor effort at a rate of 465 KW/HR (each) at an approximate dredging rate of 480 CY/HR.

10. This item includes a 16" HDPE SDR 11 pipe required to transfer material throughout the 150-acre placement area at a distance of 1,200 feet or half of the overall length.
11. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 480 CY/HR.
12. This item includes the cost to rent the land at a local agricultural land value of $300 per acre per year during, an improvement period of three years.
13. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.
14. The conveyance system sub-items are based on the management of 10,500,000 cut CY of dredged material.
15. This item includes the cost to install and maintain a 20' x 15' booster pump facility with utility service at two locations for protection, maintenance and noise reduction.
16. This item includes the cost to purchase and maintain two 465 kW (625 HP) booster pumps that will transport the dredged material from the in-water discharge line to the placement area.
17. This item includes the cost to dredge below the lake bottom to install the discharge pipe in an area within 2,000 feet of the federal channel to the discharge point on land, at an average rate of $15/CY to dredge and place the material.
18. This item includes installation of a 16" SDR 11 HDPE pipe at an increased cost due to working in and/or below water, in an area within 2,000 feet of the federal channel to the discharge point on land.
19. This item includes the 16" SDR 11 HDPE pipe required to transfer the dredged material from the in-water discharge line to the placement area, at a distance of 7 miles of pipe for two or three potential sites to accommodate the overall area required.
20. This item includes the cost to purchase easement property 30 feet wide by the length of the below grade discharge line (7 miles) at a local land value of $6,000 per acre.
21. This item is based on typical operation and production of a 16" cutter-suction hydraulic dredge at an average depth of four feet and rate of 480 CY/HR.
22. A site is a 150-acre parcel with 135 acres of land available for material placement due to containment dikes and other infrastructure items in the perimeter of the parcel. To accommodate 10.5 million CY of material, 7.5 sites will be required.

Quantity per UnitQuantity per Unit
Containment structure (dike)2

Subtotal - 2.0 Containment Structure (Dike)

Subtotal Cost per Site22

REFINED UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENT OPTION USING A 16" HYDRAULIC DREDGE1

Item # Quantity per Unit Unit Unit Unit CostDescription Total CostUnit Dredging Unit Cost

Total

This table provides a refinement of the agricultural field improvement option preliminary costs presented in Section 6.0 and Tables H-4 and H-5 of the THSMUP.  Only cost element categories that are applicable to the agricultural field improvement option are presented in this table. Subtotal unit
cost elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10.

Dredging operation

Habitat/site development5

Subtotal - 7.0 Conveyance system

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of professionals who are competent in construction cost estimating, possess a
working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and

suitable for relative comparison.

Conveyance system14

Subtotal - 14.0 Dredging Operation

Subtotal - 5.0 Habitat/Site Development

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
OLE001.100.0004.XLS

L-61



REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-2

2.0
2.1 Interior - Berms / Containment Structures 3 5,000 LF 1.2 CY/LF 6,000 CY $10 $60,000 $0.04
2.2 Exterior - Berms / Containment Structures 4 10,000 LF 2.4 CY/LF 24,000 CY $10 $240,000 $0.17

$300,000 $0.20
x 7.5 Sites

$2,250,000 $0.20
5.0
5.1 Drain Tiles6 135 AC 872 LF/AC 117,720 LF $3 $353,160 $0.25
5.2 Secondary Controls7 1 SITE 15 AC/SITE 15 AC $6,075 $91,125 $0.07
5.3 Misc. Improvements /  Access 8 1 SITE 1,200 LF/SITE 1,200 LF $22 $26,400 $0.02
5.4 Pump Operations (electric)9 1800 HR 1,100 KW 1,980,000 KWH $0.15 $297,000 $0.21
5.5 Above Grade HDPE Pipe10 1 SITE 1,200 LF/SITE 1,200 LF $65 $78,000 $0.06
5.6 Management/placement/pumping11 1800 HR 3 MEN 5,400 MH $50 $270,000 $0.19
5.7 Land Rental12 150 AC 3 YR 450 AC-YR $300 $135,000 $0.10
5.8 Land Cover (alfalfa)13 135 AC/SITE 1 SITE 135 AC $100 $13,500 $0.01

$1,264,185 $0.90
x 7.5 Sites

$9,481,388 $0.90
7.0
7.1 Booster Pump Facility15 3 EA/LOCATION 2 LOCATION 6 EA $25,000 $150,000 $0.01
7.2 Pump Cost16 3 EA/LOCATION 2 LOCATION 6 EA $250,000 $1,500,000 $0.14
7.3 Dredging for Pipeline17 1 CY/LF 10,000 LF 10,000 CY $15 $150,000 $0.01
7.4 In Water HDPE Pipe18 1 EA 10,000 LF/EA 10,000 LF $225 $2,250,000 $0.21
7.5 Below Grade HDPE Pipe19 7 MI 5,280 LF/MI 36,960 LF $75 $2,772,000 $0.26
7.6 Easement Cost20 7 MI 3.6 AC/MI 25 AC $6,000 $151,200 $0.01

$6,973,200 $0.70
14.0
14.1 18" Cutter-Suction Dredge21 350,000 CY/YR 30 YR 10,500,000 CY $6.00 $63,000,000 $6.00

$63,000,000 $6.00
Total $81,704,588 $7.80

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

1.

2. The containment structure (dike) items are based on one site that has a capacity of 1,400,000 cut cubic yards of dredged material.

3. This item is based on an interior berm used to divide a 150-acre site in four cells. The volume is determined by the length, width and height of four feet.

4. This item is based on a square 150-acre site consisting of a perimeter containment berm with a volume determined by the perimeter length and height of five feet.

5. The habitat/site development sub-items are based on one site with a capacity of 1,400,000 cut cubic yards of dredged material.

6. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.

7. This item includes the cost to install a 50-foot wide buffer strip and a controlled drainage system with outfall.

8. This item includes the cost to develop an access point to the placement area for labor and maintenance crews, which consists of a 15' x 1,000' aggregate base access road, culvert and security gate.

9. This item is based on typical local electrical rates to operate the booster pumps with minimal labor effort at a rate of 550 KW/HR (each) at an approximate dredging rate of 780 CY/HR.

10. This item includes a 18" HDPE SDR 11 pipe required to transfer material throughout the 150-acre placement area at, a distance of 1,200 feet or half of the overall length.

11. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 780 CY/HR.

12. This item includes the cost to rent the land at a local agricultural land value of $300 per acre per year during, an improvement period of three years.

13. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.

14. The conveyance system sub-items are based on the management of 10,500,000 cut CY of dredged material.

15. This item includes the cost to install and maintain a 20' x 15' booster pump facility with utility service at two locations for protection, maintenance and noise reduction.

16. This item includes the cost to purchase and maintain two 550 kW (735 HP) booster pumps that will transport the dredged material from the in-water discharge line to the placement area.

17. This item includes the cost to dredge below the lake bottom to install the discharge pipe in an area within 2,000 feet of the federal channel to the discharge point on land, at an average rate of $15/CY to dredge and place the material.

18. This item includes installation of a 18" SDR 11 HDPE pipe at an increased cost due to working in and/or below water, in an area within 2,000 feet of the federal channel to the discharge point on land.

19. This item includes the 18" SDR11 HDPE pipe required to transfer the dredged material from the in-water discharge line to the placement area, at a distance of 7 miles of pipe for two or three potential sites to accommodate the overall area required.

20. This item includes the cost to purchase easement property 30 feet wide by the length of the below grade discharge line (7 miles) at a local land value of $6,000 per acre.

21. This item is based on typical operation and production of a 18" cutter-suction hydraulic dredge at an average depth of four feet and rate of 780 CY/HR.

22. A site is a 150-acre parcel with 135 acres of land available for material placement due to containment dikes and other infrastructure items in the perimeter of the parcel. To accommodate 10.5 million CY of material, 7.5 sites will be required.

Quantity per Unit

Subtotal - 2.0 Containment Structure (Dike)

Unit

REFINED UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENT OPTION USING A 18" HYDRAULIC DREDGE1

Item # Quantity per Unit Unit Unit Unit CostDescription Quantity per Unit

Dredging operation

Total Cost Dredging Unit Cost

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of professionals who are competent in construction cost estimating, possess a
working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and

suitable for relative comparison.

Subtotal - 7.0 Conveyance system

Habitat/site development5

Conveyance system14

Subtotal - 14.0 Dredging Operation

Subtotal - 5.0 Habitat/site development

This table provides a refinement of the agricultural field improvement option preliminary costs presented in Section 6.0 and Tables H-4 and H-5 of the THSMUP.  Only cost element categories that are applicable to the agricultural field improvement option are presented in this table. Subtotal unit cost
elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10.

Containment structure (dike)2

Subtotal Cost per Site22

Subtotal Cost per Site22

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
OLE001.100.0004.XLS
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-3

2.0
2.1 Interior - Berms / Containment Structures 3 5,000 LF 1.2 CY/LF 6,000 CY $10 $60,000 $0.04
2.2 Exterior - Berms / Containment Structures 4 10,000 LF 2.4 CY/LF 24,000 CY $10 $240,000 $0.17

Subtotal Cost per Site22 $300,000 $0.20
x 7.5 Sites

$2,250,000 $0.20
5.0
5.1 Drain Tiles6 135 AC 872 LF/AC 117,720 LF $3 $353,160 $0.25
5.2 Secondary Controls7 1 SITE 15 AC/SITE 15 AC $6,075 $91,125 $0.07
5.3 Misc. Improvements /  Access 8 1 SITE 1,200 LF/SITE 1,200 LF $22 $26,400 $0.02
5.4 Pump Operations (electric)9 1320 HR 1,280 KW 1,689,600 KWH $0.15 $253,440 $0.18
5.5 Above Grade HDPE Pipe10 1 SITE 1,200 LF/SITE 1,200 LF $105 $126,000 $0.09
5.6 Management/placement/pumping11 1320 HR 3 MEN 3,960 MH $50 $198,000 $0.14
5.7 Land Rental12 150 AC 3 YR 450 AC-YR $300 $135,000 $0.10
5.8 Land Cover (alfalfa)13 135 AC/SITE 1 SITE 135 AC $100 $13,500 $0.01

Subtotal Cost per Site22 $1,196,625 $0.90
x 7.5 Sites

$8,974,688 $0.90
7.0
7.1 Booster Pump Facility15 3 EA/LOCATION 2 LOCATION 6 EA $25,000 $150,000 $0.01
7.2 Pump Cost16 3 EA/LOCATION 2 LOCATION 6 EA $275,000 $1,650,000 $0.16
7.3 Dredging for Pipeline17 1 CY/LF 10,000 LF 10,000 CY $15 $150,000 $0.01
7.4 In Water HDPE Pipe18 1 EA 10,000 LF/EA 10,000 LF $345 $3,450,000 $0.33
7.5 Below Grade HDPE Pipe19 7 MI 5,280 LF/MI 36,960 LF $115 $4,250,400 $0.40
7.6 Easement Cost20 7 MI 3.6 AC/MI 25 AC $6,000 $152,727 $0.01

$9,803,127 $0.90
14.0
14.1 24" Cutter-Suction Dredge21 350,000 CY/YR 30 YR 10,500,000 CY $6.75 $70,875,000 $6.75

$70,875,000 $6.80
$91,902,815 $8.80

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

1.

2. The containment structure (dike) items are based on one site that has a capacity of 1,400,000 cut cubic yards of dredged material.

3. This item is based on an interior berm used to divide a 150-acre site in four cells. The volume is determined by the length, width and height of four feet.

4. This item is based on a square 150-acre site consisting of a perimeter containment berm with a volume determined by the perimeter length and height of five feet.

5. The habitat/site development sub-items are based on one site with a capacity of 1,400,000 cut cubic yards of dredged material.

6. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.

7. This item includes the cost to install a 50-foot wide buffer strip and a controlled drainage system with outfall.

8. This item includes the cost to develop an access point to the placement area for labor and maintenance crews, which consists of a 15' x 1,000' aggregate base access road, culvert and security gate.

9. This item is based on typical local electrical rates to operate the booster pumps with minimal labor effort at a rate of 640 KW/HR (each) at an approximate dredging rate of 1,055 CY/HR.

10. This item includes a 24" HDPE SDR 11 pipe required to transfer material throughout the 150-acre placement area at, a distance of 1,200 feet or half of the overall length.

11. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 1,055 CY/HR.

12. This item includes the cost to rent the land at a local agricultural land value of $300 per acre per year during, an improvement period of three years.

13. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.

14. The conveyance system sub-items are based on the management of 10.5M cut CY of dredged material.

15. This item includes the cost to install and maintain a 20' x 15' booster pump facility with utility service at two locations for protection, maintenance and noise reduction.

16. This item includes the cost to purchase and maintain two 640 kW (860 HP) booster pumps that will transport the dredged material from the in-water discharge line to the placement area.

17. This item includes the cost to dredge below the lake bottom to install the discharge pipe in an area within 2,000 feet of the federal channel to the discharge point on land, at an average rate of $15/CY to dredge and place the material.

18. This item includes installation of a 24" SDR 11 HDPE pipe at an increased cost due to working in and/or below water, in an area within 2,000 feet of the federal channel to the discharge point on land.

19. This item includes the 24" SDR 11 HDPE pipe required to transfer the dredged material from the in-water discharge line to the placement area, at a distance of 7 miles of pipe for two or three potential sites to accommodate the overall area required.

20. This item includes the cost to purchase easement property 30 feet wide by the length of the below grade discharge line (7 miles) at a local land value of $6,000 per acre.

21. This item is based on typical operation and production of a 24" cutter-suction hydraulic dredge at an average depth of four feet and rate of 1,055 CY/HR.

22. A site is a 150-acre parcel with 135 acres of land available for material placement due to containment dikes and other infrastructure items in the perimeter of the parcel. To accommodate 10.5 million CY of material, 7.5 sites will be required.

REFINED UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENT OPTION USING A 24" HYDRAULIC DREDGE1

Item # Quantity per Unit Unit Unit Unit CostDescription

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of professionals who are competent in construction cost estimating, possess a
working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and

suitable for relative comparison.

Subtotal - 7.0 Conveyance System

Habitat/Site Development5

Conveyance System14

Subtotal - 14.0 Dredging Operation

Subtotal - 5.0 Habitat/Site Development

This table provides a refinement of the agricultural field improvement option preliminary costs presented in Section 6.0 and Tables H-4 and H-5 of the THSMUP.  Only cost element categories that are applicable to the agricultural field improvement option are presented in this table. Subtotal unit cost
elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10.

Total

Quantity per Unit

Dredging Operation

Total Cost Dredging Unit CostQuantity per Unit

Subtotal - 2.0 Containment Structure (Dike)

Unit
Containment Structure (Dike)2

HULL & ASSOCIATES, INC.
TOLEDO, OHIO

DECEMBER 2012
OLE001.100.0004.XLS
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REFINEMENT OF THE AGRICULTURAL FIELD IMPROVEMENT OPTION FOR THE TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN

TABLE B-4

2.0
2.1 Interior - Berms / Containment Structures3 5,000 LF 1.2 CY/LF 6,000 CY $10 $60,000 $0.04
2.2 Exterior - Berms / Containment Structures4 10,000 LF 2.4 CY/LF 24,000 CY $10 $240,000 $0.17

Subtotal Cost per Site27 $300,000 $0.20
x 7.5 Sites

$2,250,000 $0.20
5.0
5.1 Drain Tiles6 135 AC 871 LF/AC 117,612 LF $3 $352,836 $0.25
5.2 Secondary Controls7 1 SITE 15 AC/SITE 15 EA $6,075 $91,125 $0.07
5.3 Misc. Improvements /  Access8 1 SITE 1,200 LF/SITE 1,200 EA $22 $26,400 $0.02
5.4 Pump Operations (electric)9 1600 HR 1,100 KW/HR 1,760,000 KWH $0.15 $264,000 $0.19
5.5 Above Grade HDPE Pipe10 1 SITE 1,200 LF/SITE 1,200 FT $65 $78,000 $0.06
5.6 Management/placement/pumping11 1600 HR 3 MEN/HR 4,800 HR $50 $240,000 $0.17
5.7 Land Rental12 150 AC 3 YR 450 AC-YR $300 $135,000 $0.10
5.8 Land Cover (alfalfa)13 135 AC/SITE 1 SITE 135 AC $100 $13,500 $0.01

Subtotal Cost per Site22 $1,200,861 $0.90
x 7.5 Sites

$9,006,458 $0.90
7.0
7.1 Booster Pump Facility15 3 EA/LOCATION 2 LOCATION 6 EA $25,000 $150,000 $0.01
7.2 Pump Cost16 3 EA/LOCATION 2 LOCATION 6 EA $250,000 $1,500,000 $0.14
7.3 Dredging for Rehandling Basin17 6,000 CY/VF 20 VF 120,000 CY $15 $1,800,000 $0.17
7.4 Dredging for Pipeline18 1 CY/LF 12,000 LF 12,000 CY $15 $180,000 $0.02
7.5 In Water HDPE Pipe19 1 LF 12,000 LF 12,000 LF $225 $2,700,000 $0.26
7.6 Docking Structure (mounting pump)20 1 EA/PUMP 3 PUMP 3 EA $750,000 $2,250,000 $0.21
7.7 Pump Cost21 3 EA/LOCATION 3 LOCATION 9 EA $100,000 $900,000 $0.09
7.8 Pump Operations (labor)22 10,500,000 CY 900 CY/HR 11,667 HR $125 $1,458,333 $0.14
7.9 Pump Operations (diesel)23 37 GPH 11,667 HR 431,667 GAL $4 $1,726,667 $0.16
7.10 Below Grade HDPE Pipe24 7 MI 5,280 LF/MI 36,960 FT $75 $2,772,000 $0.26
7.11 Easement Cost25 7 MI 3.6 AC/MI 25 AC $6,000 $152,727 $0.01

$15,589,727 $1.50
14.0
14.1 Clamshell Mechanical Dredge26 350,000 CY/YR 30 YR 10,500,000 CY $5.75 $60,375,000 $5.75

$60,375,000 $5.80
Total $87,221,185 $8.40

Estimated by: Moffatt & Nichol/Hull & Associates, Inc.  Calculated by: Peter Kotulak/Philip Hicks Checked by: Fernando Camargo
Notes:

AC - Acres   CY - Cubic Yards   EA - Each   FT - Feet   GAL - Gallons   GPH - Gallons per Hour   HR - Hours   KW - Kilowatt   KWH - Kilowatt-Hour
LF - Lineal Feet   MH - Man-Hours   MI - Miles  MO - Month   PUMP - Pump   SF - Square Feet   SM - Square Mile   TON - Tons   VF - Vertical Feet   YR - Years

1.

2. The containment structure (dike) items are based on one site that has a capacity of 1,400,000 cut cubic yards of dredged material.

3. This item is based on an interior berm used to divide a 150-acre site in four cells. The volume is determined by the length, width and height of four feet.

4. This item is based on a square 150-acre site consisting of a perimeter containment berm with a volume determined by the perimeter length and height of five feet.

5. The habitat/site development sub-items are based on one site with a capacity of 1,400,000 cut cubic yards of dredged material.

6. This item includes a 4"-6" drain tile installed approximately 12" deep with a collection header discharging to an existing drainage ditch.

7. This item includes the cost to install a 50-foot wide buffer strip and a controlled drainage system with outfall.

8. This item includes the cost to develop an access point to the placement area for labor and maintenance crews, which consists of a 15' x 1,000' aggregate base access road, culvert and security gate.

9. This item is based on typical local electrical rates to operate the booster pumps with minimal labor effort at a rate of 550 KW/HR (each) at an approximate dredging rate of 780 CY/HR.

10. This item includes a 18" HDPE SDR 11 pipe required to transfer material throughout the 150-acre placement area at, a distance of 1,200 feet or half of the overall length.

11. This item includes a 3-man crew, at a rate of $50 per hour per man, to operate the discharge pipe during the placement process at an approximate dredging rate of 780 CY/HR.

12. This item includes the cost to rent the land at a local agricultural land value of $300 per acre per year during, an improvement period of three years.

13. This item includes the cost to plant a cover crop one time to establish vegetation and introduce organics into the new soil.

14. The conveyance system sub-items are based on the management of 10.5M cut CY of dredged material.

15. This item includes the cost to install and maintain a 20' x 15' booster pump facility with utility service at two locations for protection, maintenance and noise reduction.

16. This item includes the cost to purchase and maintain two 550 kW (735 HP) booster pumps that will transport the dredged material from the in-water discharge line to the placement area.

17. This item includes the cost to dredge an area of 1,600 square feet to allow scows to maneuver in and out of the pump-out area at an average rate of $15 per cubic yard to dredge and place the material.

18. This item includes the cost to dredge below the lake bottom to install the discharge pipe to the center of gravity of the federal channel to the discharge point on land, at an average rate of $15/CY to dredge and place the material.

19. This item includes installation of a 18" SDR 11 HDPE pipe at an increased cost due to working in and/or below water, in an area within 2,000 feet of the federal channel to the discharge point on land.

20. This item includes the purchase of a vessel to transport the pump, installation of a docking structure to accommodate the pumps, tie off a purchased vessel and barges and/or provide lighting, etc.

21. This item includes the cost to purchase and maintain three 12" diesel pumps that will collect the dredged material released from the scow/barge and transport the material to the booster facility.

22. This item includes a 1-man crew, at a rate of $125 per hour, to operate a vessel and the pumps 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 900 cubic yards per hour.

23. This item is based on typical local fuel rates to operate the three 12" diesel pumps at a rate of 37 gallons per hour 12 hours per day and 30 days per month, during the placement process at an approximate dredging rate of 900 cubic yards per hour.

24. This item includes the 18" SDR11 HDPE pipe required to transfer the dredged material from the in-water discharge line to the placement area, at a distance of 7 miles of pipe for two or three potential sites to accommodate the overall area required.

25. This item includes the cost to purchase easement property 30 feet wide by the length of the below grade discharge line (7 miles) at a local land value of $6,000 per acre.

26. This item is based on typical operation and production of a clamshell mechanical dredge at an average depth of four feet and rate of 900 CY/HR.

27. A site is a 150-acre parcel with 135 acres of land available for material placement due to containment dikes and other infrastructure items in the perimeter of the parcel. To accommodate 10.5 million CY of material, 7.5 sites will be required.

Conceptual plans and associated calculations were completed by engineers and checked by a peer reviewer prior to inclusion.  Cost estimates based on the conceptual ideas were prepared by and reviewed under the supervision of professionals who are competent in construction cost estimating, possess a
working knowledge of construction, and are capable of making professional determinations based on experience. The prepared estimates are not an opinion of probable costs and should not be used for potential funding values. However, they are of sufficient detail to fulfill the requirements of the QAPP and

suitable for relative comparison.

Quantity per UnitQuantity per Unit

Pump-out Area and Conveyance system14

Unit

This table provides a refinement of the agricultural field improvement option preliminary costs presented in Section 6.0 and Tables H-4 and H-5 of the THSMUP.  Only cost element categories that are applicable to the agricultural field improvement option are presented in this table. Subtotal unit cost
elements are reported as $/CY (unless otherwise noted) in 2012 dollars and are rounded to the nearest $0.10.

REFINED UNIT COST CALCULATIONS FOR THE AGRICULTURAL FIELD IMPROVEMENT OPTION USING A MECHANICAL DREDGE AND PUMP-OUT AREA1

Item # Quantity per Unit Unit Unit Unit CostDescription Total Cost Dredging Unit Cost

Subtotal - 5.0 Habitat/Site Development

Dredging Operation

Subtotal - 14.0 Dredging Operation

Containment Structure (Dike)2

Subtotal - 2.0 Containment Structure (Dike)
Habitat/Site Development5

Subtotal - 7.0 Pump-out Area and Conveyance System
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US ARMY CORPS OF ENGINEERS, BUFFALO DISTRICT

REVIEW COMMENT SHEET

Document Title: TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN (DRAFT)

Date Transmitted: November 23, 2012

COMMENT
NUMBER

SECTION
REFERENCE REVIEWER’S COMMENTS

Print Date: 12/31/2012 Page 1 of 14

1 General
comment

This planning document, while it lays out a clear set of options at the conceptual level, really lacks important details
that could/should be explored at this level of planning which may significantly impact the rating scores across the
board. With the overall scores being similar for half of the options (i.e., within a 30 point range), more plan details
could result in fewer options rising to the top or some being eliminated completely.

2 Executive
Summary,
Page i, first
paragraph

It is indicated that approximately one million cubic yards of sediment is dredged annually from Toledo Harbor’s
Federal and non-Federal navigation channels. Based on the information contained in Table 2, the average volume
annually dredged (2001-2010) from the harbor’s Federal navigation channels amounts to 659,443 cubic yards.
Together, this implies that, on average, about 340,000 cubic yards are annually dredged from the port by non-Federal
interests. This is inconsistent with the non-Federal annual average dredging of 53,000 cubic yards indicated in
Section 1.1 (assumed to be based on data from Table 3).
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US ARMY CORPS OF ENGINEERS, BUFFALO DISTRICT

REVIEW COMMENT SHEET

Document Title: TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN (DRAFT)

Date Transmitted: November 23, 2012

COMMENT
NUMBER

SECTION
REFERENCE REVIEWER’S COMMENTS

Print Date: 12/31/2012 Page 2 of 14

3 Executive
Summary,

Page i,
third

paragraph

We are unaware that U.S. Environmental Protection Agency (USEPA) has a “position that continued open-lake
placement in its current form is an unacceptable practice as it re-suspends nutrients, potentially increasing algae and
contributing to overall turbidity.” The major basis of determining whether a given dredged material meets Federal
guidelines (including compliance with applicable State water quality standards [WQSs]) is based on the protocols and
guidelines contained in the 1998 Great Lakes Dredged Material Testing and Evaluation Manual.  This guidance,
which is pursuant to Section 404 of the Clean Water Act, was prepared by USEPA and USACE.  Also, please see
attached USEPA letter dated May 9, 2009, which does not object to the placement of Toledo Harbor dredged material
in the open-lake.

Scientific evidence provided to OEPA over many years, and existing weight-of-the-evidence, indicate that nutrient
resuspension and increases in turbidity resulting from the placement of Toledo Harbor dredged material in the
Western Basin of Lake Erie (Basin) are minute in comparison to what typically occurs from bottom sediments
throughout the shallow Basin. Without considering relative phosphorus availability, the total phosphorus added to the
Basin water column by open-lake placement (630 mg P/kg suspended solids [SS] X 1.45 metric tons [MT] SS/yr =
913 MT P/yr) is less than 10% of the estimated total phosphorus added annually by external loads (~7,000 MT P/yr)
plus wind-driven resuspension (~6,100 MT P/yr).  However, when considering availability, the ultimate available
phosphorus in the dredged sediments (not unlike Maumee River sediments) is on the order of 30% of the total
phosphorus.  Moreover, open-lake placed sediments also settle out of the water column long before most of the
bioavailable phosphorus has actually been released as soluble reactive phosphorus (SRP, which is used as a measure
of immediately available phosphorus) to the water column during the settling process.  Elutriate test data, which
measure the release of dissolved total phosphorus from the sediments to the water column during open-lake
placement, are consistent with such low phosphorus bioavailability.
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US ARMY CORPS OF ENGINEERS, BUFFALO DISTRICT

REVIEW COMMENT SHEET

Document Title: TOLEDO HARBOR SEDIMENT MANAGEMENT AND USE PLAN (DRAFT)

Date Transmitted: November 23, 2012

COMMENT
NUMBER

SECTION
REFERENCE REVIEWER’S COMMENTS

Print Date: 12/31/2012 Page 3 of 14

3
(cont’d)

Executive
Summary,

Page i,
third

paragraph

Regarding turbidity, the vast majority of material being placed in the Basin is being dredged from the Lake
Approach Channel within the same aquatic ecosystem.  Therefore, placement activities constitute an internal
relocation of the material within the lacustrine system, rather than external loading.  Turbidity associated with the
placement of this dredged material should be viewed within the framework of the amount of sediments within the
system and entering the Basin from other sources.  The amount of Toledo Harbor dredged material annually
relocated in the lacustrine system (for this exercise, the amount used is 1,250,000 cubic yards (CY) or an estimated
1,450,000 MT) is less than one percent of the estimated annual resuspended sediment load (150,000,000 to
300,000,000 MT) in the Basin, and is less than that contributed by the Maumee River every year (an estimated
1,500,000 CY). Therefore, the open-lake placement of Toledo Harbor dredged material results in short-term,
temporary turbidity, and does not represent widespread or substantially increased background turbidity in the Basin.

This information strongly suggests that if open-lake placement of this dredged material ceased, no net improvement to
Basin ecology would be observed.

We are also unaware that OEPA has “limited future open-lake placement of dredged sediments” for the reasons
alleged above.  However, we recognize that it is OEPA’s desire and policy to eliminate the placement of Toledo
Harbor dredged material in the Basin.

Please note that under Section 404 of the Clean Water Act and 33 CFR 337, the USACE is responsible for
determining whether the open-water placement of material dredged from USACE civil works projects is
environmentally acceptable.  The State’s regulatory role under Section 401 of the Clean Water Act is to certify
whether that proposed discharge of dredged material complies with applicable State WQSs.
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3
(cont’d)

Executive
Summary,

Page i,
third

paragraph

The opinion that the open-lake placement of Toledo Harbor dredged material “re-suspends nutrients, potentially
increasing algae and contributing to overall turbidity” is mentioned throughout the draft report.  However, we are
unaware of any specific reference, scientific literature or data that supports that the placement of Toledo Harbor
dredged material in the Basin significantly “re-suspends nutrients, potentially increasing algae and contributing to
overall turbidity.”  As noted above, this assertion is inconsistent with existing weight-of-the-evidence.

4 Executive
Summary,

Page i,
third

paragraph

Note that any dredged material determined to meet Federal guidelines (including applicable State WQSs) for open-
lake placement cannot be placed in Federal confined disposal facilities (CDFs) because USACE policy and Public
Law (PL) 94-587 requires USACE to utilize and encourage the utilization of management practices to extend the
capacity and useful life of CDFs such that the need for new facilities is kept to a minimum.

5 Executive
Summary,
Page iv,

thirteenth
paragraph

While the bulk concentration of a chemical in sediment provides a single line of evidence, it provides no information
on the bioavailability of that contaminant which is the key driver in sediment toxicity.  It is generally accepted that
sediment screening criteria (like sediment quality guidelines or criteria) should be used for screening purposes, and
should not be used alone for decision-making.  Sediment screening criteria should be used in tandem with other lines
of evidence, such as bioassay and bioaccumulation data.

6 Executive
Summary,
Page iv,

thirteenth
paragraph

Partially for reasons relating to Comment 5, suggest revising this sentence as follows: “With the exception of material
dredged from River Channel Miles 1, 2 and 4, the USACE has determined that all Toledo Harbor Federal navigation
channel dredged material is suitable for in-water use (i.e., open-lake placement) based on chemical, elutriate and
bioassay testing, and water quality and bioaccumulation modeling.  This determination is based on existing
USEPA/USACE protocols and guidelines pursuant to Section 404 of the Clean Water Act.”

7 1.1, second
paragraph

Of the up to 800,000 cubic yards dredged annually, a portion of that may be placed in the Federal CDF depending on
the required harbor dredging.

8 1.1, second
paragraph

Please see Comment 3.  Replace “standards” with “guidelines.”
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9 2.0, third
paragraph

This reads “Average annual suspended sediment decreased approximately 7% between the timeframes of 1992-1996
and 2002-2006, from 743,894 metric tons to 801,600 metrics tons (Baker, 2007).”  As presented, this implies an
increase in the average annual sediment load, rather than a decrease.

10 2.0, third
paragraph

The last sentence fails to consider the fact that the vast majority of the sediment that is placed in the Basin is dredged
from the Lake Approach Channel in the Basin and as such, does not represent external loading like the other sources
of sediment discussed earlier in this section.  Unlike soil/sediment runoff from the Maumee River and Basin tributary
watersheds, open-lake placement of Toledo Harbor dredged material does not result in a net increase (or input) to the
Basin.

11 3.1.1 This reads “Successive Acts increased the authorized depth from 15 feet in 1875 to 25 feet below low water depth
(LWD) in 1936 (USACE, 1995).”  “Depth” should be “datum.”

12 3.2 Note that most Toledo Harbor material is dredged is from the Lake Approach Channel (and not the River Channel).

13 3.2.1, first
paragraph

In the case of Toledo Harbor where no special dredging operation controls are necessary, USACE contractors select
the method of dredging.  Note that USEPA/USACE guidance focuses on the toxicological impacts of aquatic
placement of dredged material.

14 3.2.1,
second

paragraph

Non-Federal dredging usually occurs in the Maumee River adjacent to the Federal River Channel.  In such areas,
sediments are typically much more contaminated than those in the harbor’s Federal navigation channels, which is a
major reason why the dredged material would not meet existing Federal guidelines for open-lake placement.  This is a
driving factor as to why non-Federal dredged material is typically placed upland, and use of special dredging
equipment may be required.  This should be clarified.

15 3.3, first
paragraph

Tiers 1 through 4 involve site-specific testing/data.  Tier 2 involves the collection of additional data as well as
modeling, and evaluation.  Tier 3 involves biological effects-based testing and evaluation.  In last sentence,
“unsuitable” should be “unacceptable.”
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16 3.3, third
paragraph

This reads, “A decision on the suitability of open-lake placement is currently made based on:
1.  Compliance with Clean Water Act Section 404(b)(1) guidelines;
2.  Clean Water Act Section 401 WQC, which is issued by Ohio EPA; and
3.  Coastal Management Program (CMP) Consistency, which is issued by Ohio DNR.”

Note that the suitability of dredged material for open-lake placement is determined through compliance with Clean
Water Act Section 404(b)(1) Guidelines, which includes compliance with applicable State water quality standards and
consistency with the State CMP.  The Clean Water Act Section 401 WQC or CMPC Determination
Concurrence/Non-Concurrence do not determine, per se, whether the material is suitable for open-lake placement.
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17 3.3, fourth
paragraph

The statement that "Incorporation of a revised sediment evaluation approach into the Federal Standard could impact
the evaluation and management of Toledo Harbor sediment by allowing for the incorporation of risk management
strategies (e.g. engineering controls) in order to mitigate environmental concerns" is not accurate.  The existing Clean
Water Act Section 404(b)(1) process currently allows engineering controls to mitigate impacts to human health and
the aquatic environment.  Risk management strategies are routinely used under the existing law and guidance.  These
risk management strategies do include sequencing of work, selection of equipment, use of environmental windows,
etc.  For example, various strategies are currently being used throughout North America to protect threatened and
endangered species (e.g., sea turtles, manatees, sturgeon, etc.) when it has been determined to be necessary based on
the biology of the species and an assessment of exposure and impacts.  In the case of the Great Lakes, risk
management strategies are either not used or are often used inappropriately.

An important point being missed is that any risk to the aquatic ecosystem needs to be clearly identified before a risk
management strategy can be implemented. Updates to current guidance will provide additional clarity on the
importance developing conceptual site models that incorporate both an assessment of the potential for exposure, and
the potential for effects.  The integration of these two assessments (potential exposure and effects) is what
characterizes risk or, using language from the Clean Water Act, "potential impacts to human health and the aquatic
ecosystem.” Within any assessment of risk and risk management plan, the potential for risk/impacts must be
evaluated within the context of background conditions and how dredging activities modify the existing risk to human
health and the aquatic ecosystem.
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18 3.3, fourth
paragraph

In 2008, USACE initially proposed the concept to investigate any potential links between phosphorus originating
from the open-lake placement of Toledo Harbor dredged material and HABs in the Basin. At the time, OEPA agreed
with the approach to the study proposed by USACE.  However, in a letter dated April 15, 2010, OEPA indicated that
they would no longer support such an investigation because it was already evident that there were adverse impacts.
This position was not based on weight of the evidence and lacked relevant data to form any theoretical basis.  Existing
information strongly suggests that runoff resulting from agricultural practices in the Maumee River watershed
transport bioavailable phosphorus (i.e., SRP) into the Basin and likely drive late summer HABs.  Weight of the
evidence strongly suggests that the placement of Toledo Harbor dredged material in the Basin has little potential to
influence HABs.

19 3.3.2,
fourth

paragraph

Please see Comment 5.

20 3.4 and
3.4.1

Please see Comment 14.

21 3.4.1.2 Island 18 was last used for the disposal of dredged material in 2007. The dike breached after use and a temporary
repair was completed in 2007.

22 4.1 It appears that the assumption has been made that the placement of Toledo Harbor dredged material in the Basin, as
currently performed, is not environmentally sustainable. USACE does not agree with such an assumption because it
is not based on weight of the evidence.  Therefore, USACE recommends including open-lake placement as a baseline.
We recommend providing relevant references, scientific literature or data that support the position that the placement
of Toledo Harbor dredged material in the Basin, as currently performed, is environmentally unsustainable. Please see
Comment 3.
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23 5, first
paragraph

Regarding the “open-lake placement with controls” and “open-lake placement in a new location” In-Water options,
USACE recommends explaining the scientific basis (e.g., relevant references, scientific literature, empirical data) of
such restrictions.  In other words, explain the unacceptable risks resulting from open-lake placement as it is currently
performed based on relevant studies/data , which should provide the rationale for any risk management strategies.
Please see Comment 3.

24 5.2.1 This reads “a dike height 4 ft. above LWD would be required.”  How was this height determined?

25 5.2.1 This reads “a dike height 4 ft. above LWD would be required.”   How was this height determined?

26 5.3 In the last sentence, it reads “reduces the nutrient loadings caused by the current open-lake placement process.”
USACE recommends explaining the scientific information (e.g., relevant references, scientific literature, empirical
data) that support this statement.  Please see Comments 3 and 10.

27 5.3.1,
second

paragraph

This reads “a dike height 10 ft. below LWD would be required.”  How was this determined, especially before a wave
climate study is completed?

28 5.3.1,
second

paragraph

This reads “a dike height 3 ft. below LWD would be required.”  How was this determined, especially before a wave
climate study is completed?

29 5.3.2,
second

paragraph

This reads “a dike height 30 ft. above LWD would be required.”  How was this determined, especially before a wave
climate study is completed?
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30 5.3.2,
second

paragraph

This reads “a dike height 12.5 ft. above LWD would be required.”  How was this determined, especially before a
wave climate study is completed?

31 5.3.3.1,
first

paragraph

The stakeholder concerns cited are inconsistent with weight of the evidence.  Large amounts of sediments are
resuspended in the shallow Basin and the primary source of those sediments is the bottom sediment pool, which is
deeply influenced by the Maumee River sediment load.  The existing open-lake placement area, including the dredged
material placed there, represents a tiny fraction of that pool.  Moreover, the vast majority of the dredged sediments
placed at this area are already within in the Basin system.  Please see Comment 3.  The concern that dredged material
placed at the open-lake area re-enters the Federal navigation channel, thus resulting in “double handling,” is
unsubstantiated.  A 2009 investigation indicated that bottom sediments both in-place and placed at the existing open-
lake placement area move in a net northeasterly direction (approximately parallel with the Lake Approach Channel)
or tend to stay in the area.  According to Figure 2, no maintenance dredging of the Lake Approach Channel is required
lakeward of Station 920+00, which also indicates that material that may migrate from the open-lake placement area
(located north of Lake Mile 11) to the Lake Approach Channel does not require maintenance dredging.
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32 5.3.3.1,
second

paragraph

This reads “The new open-lake placement option evaluated under this plan would continue with the current dredging
and placement methods, but re-locate the placement area approximately 15 miles from the center of gravity of the
dredging work, so that the open lake placement area is in deeper water and has less potential to be re-suspended and
transported back to the Federal and non-federal channels.  Appendix G-7 shows the conceptual location and relative
size of area required to place all 30M CY of material. It is assumed this location would have a greater depth and less
current impacts than the existing location to minimize the environmental impacts and minimize sediment from
reentering the channel.”  Please see Comment 31.

While the model in the LimnoTech (2010) report suggests that material placed at the existing dredged material open-
lake placement area generally moves in a net southeast direction, the study also used a short time scale (e.g., two
years). A 2009 study on a longer time scale (e.g., decadal) indicated that the material moves in a net northeasterly
direction.  Note that the movement of bottom sediments in the Basin is generally more of a function of wind direction,
speed and shear, and fetch, rather than depth.

33 5.3.3.2,
first

paragraph

In the first sentence, it reads “that addresses the impacts of nutrient availability resulting from resuspension.”  USACE
recommends explaining the scientific information (e.g., relevant references, scientific literature, empirical data) that
support this statement.  This option overall implies that a significant amount of phosphorus is released from the
dredged material and that open-lake placement substantially increases turbidity.  Please see Comment 3.

34 5.3.4, first
paragraph

Please see Comment 4.  Any dredged material determined to meet Federal guidelines (including applicable State
WQSs) for open-lake placement cannot be placed in Federal CDFs based on USACE policy and public law.

35 5.4.4, first
paragraph

Please see Comment 4.  Any dredged material determined to meet Federal guidelines (including applicable State
WQSs) for open-lake placement cannot be placed in Federal CDFs based on USACE policy and public law.

36 6.1.2, first
paragraph

Assuming a single cell containment structure for the life of the project doesn’t appear realistic when evaluating how
to manage approximately 50 years of dredge material.  This should be developed further in the evaluation because it
could significantly influence the cost, feasibility and ecologic benefits of the use.
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37 6.1.4, first
paragraph

This reads “It was assumed that from that point on, nature would take over and continue to provide the area with
adequate revegetation.”  Adaptive management and invasive plant species control should be considered for habitat
types where this is a problem, such as in emergent zones that have a strong potential to become colonized and overrun
by Phragmites.

38 7, general
comment

USACE recommends including the current open-lake placement option as a baseline with application of the same
technical criteria used to score other sediment management and use options.

39 7, Table 7 With respect to the “new open-lake placement area without controls” and “open-lake placement with controls”
options, the “planktonic and benthic community/habitat” and “fish and aquatic invertebrate species habitat” criteria
should be scored “3” rather than “2.”  Weight of the evidence with respect to these criteria indicate minimal effects
resulting from the open-lake placement of dredged material.  For example, regarding fish,  the open-lake placement of
Toledo Harbor dredged material has a very low likelihood of causing turbidity-related adverse effects, including
commercially and recreationally important species such as walleye (Sander vitreum) and yellow perch (Perca
flavescens).  A 2012 laboratory study found that suspended Maumee Bay sediment exposures to walleye eggs
mimicking sediment resuspension during dredging did not result in significantly reduced hatching success or evidence
any sublethal effects through gross morphological observation.  The study concluded that walleye eggs are relatively
tolerant of suspended sediment concentrations likely to be encountered during dredging and open-lake placement of
dredged material in the Great Lakes region.  Regarding benthos, a 2003 benthic community investigation on the
Toledo Harbor open-lake placement area concluded that the diversity and abundance of macroinvertebrates within the
area were similar to other reference areas in the Basin.  This study also showed that there was no association among
sampling areas in relation to their proximity to the placement area, indicating that the placement of dredged material
had no measurable long-term effect on the benthic community within or outside the area.
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40 7.2.3,
Table 8

In this table, there are duplicate “hydro-dynamic effects” criteria rows across the sediment management and use
options.  With respect to the “new open-lake placement area without controls” option, the “hydro-dynamics effects”
criterion should be scored “3” rather than “1.”  What scientific information is used to support a negative overall effect
with a high level of effort required to overcome?  For the purposes of this study, isn’t it assumed that the location of
this area would allow for less sediment resuspension and reduce the potential for placed sediment to re-enter the Lake
Approach Channel?  With respect to the “new open-lake placement area without controls” option, the “surface water
quality” criterion should be scored “3” rather than “1.”  What scientific information is used to support a negative
overall effect with a high level of effort required to overcome?  Elutriate test data across a spectrum of contaminants
on Toledo Harbor dredged material indicate that discharge of the material at the current open-lake placement area in
the Basin complies with applicable Ohio WQSs, suggesting the same result would occur at the new area.  With
respect to the “open-lake placement area with controls” option, the “surface water quality” criterion should be scored
“3” rather than “4.”  What scientific information is used to support significant adverse effects such that a positive
effect with a moderate degree of benefit would result from the controls (please see Comment 21)?

41 7.2.4,
Table 9

In this table, there are duplicate “recreational opportunity” criteria rows across the sediment management and use
options.  With respect to the “new open-lake placement area without controls” option, what is the basis of a “human
health risk” criterion score of “2” rather than “3?”  What scientific information is used to support a negative effect to
human health with a moderate level of effort required to overcome?

42 7.2.5,
Table 10

With respect to the “new open-lake placement area without controls” option, what is the basis of a “tourism” criterion
score of “4” rather than “3?”  What scientific information or documentation is used to support relocation of the open-
lake area, yielding a positive effect with a moderate degree of benefit to tourism?

43 8.2.1 With respect to the “open-lake placement with controls” option, the new open-lake site would be designated and
evaluated by USACE under Clean Water Act Section 404(b)(1) Guidelines.  This area would be coordinated with
OEPA in terms of evaluating whether the proposed discharge of dredged material at the site would comply with
applicable WQSs.
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44 10.1 Explain the scientific basis for requiring “hydraulic dredging with permanent discharge lines” for environmental
impact purposes.

45 10.2 Explain the scientific basis for requiring open-lake placement controls for environmental impact purposes.  Please see
Comment 3.

46 11.1.1 Based on weight of the evidence, no open-lake placement controls are necessary to reduce the resuspension of
nutrients or turbidity associated with the open-lake placement of Toledo Harbor dredged material.
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