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Introduction

1.1 Purpose and Scope

This draft Study Report was prepared in response to the work described in the
Statement of Work (SOW) entitled Influence of Open-Lake Placement of Dredged
Material on Western Lake Erie Basin Harmful Algal Blooms (HABs) Toledo Har-
bor Lucas County, Ohio (USACE 2012). The purpose of this study was to assess
the potential of phosphorus release from open-lake placement of dredged material
from Toledo Harbor and its potential influence on the phosphorus budget that may
promote HAB development in the Western Lake Erie Basin (WLEB; see Figure
1-1). In recent years, the problem of harmful and nuisance algal blooms in the
WLEB has become widespread and has been linked to the increased loading of
soluble reactive phosphorus (SRP). HABs are cyanobacteria (blue-green algae)
blooms which occur in nutrient enriched environments when other factors, such as
elevated temperature and calm water, are also present. Some cyanobacteria pro-
duce toxins, called cyanotoxins, which can be harmful to human and animal
health. The HABs in the WLEB tend to be largely composed of Microcystis sp.,
which can produce a toxin known as microcystin.

The federal standard for the management of most material dredged from Toledo
Harbor federal navigation channels is open lake placement in the WLEB, as it is
the least costly, environmentally acceptable alternative that is consistent with
sound engineering practices. In 2003, a large HAB event occurred in the same
year in which the quantity of Toledo Harbor dredged material placed in the
WLEB was significantly increased by the USACE. Since then, there have been
recurring concerns about the amount and intensity of annual HABs, and the po-
tential exacerbating influence over external nutrient loads posed by dredged material
placement in the WLEB. The major factors of concern with regard to dredged
material placement are: phosphorus release from the dredged sediment (exacer-
bating HAB development); changes in turbidity; and the horizontal transport of
the material potentially leading to the transport of suspended solids and nutrients
to other vulnerable parts of the WLEB, such as the City of Toledo and City of Or-
egon potable water intakes. Generally, the purpose of this study was to address
concerns by assessing the relative contribution of open-lake placement of Toledo
Harbor dredged material to turbidity and HABs in the WLEB through a field
sampling/laboratory testing and modeling program. Results from the study were
input into an existing model (Western Lake Erie Ecosystem Model [WLEEM]) in
an effort to determine whether the open-lake placement of Toledo Harbor dredged
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material significantly contributes to WLEB HABs or if long-range transport of
open-lake placed dredged material takes place.

Ecology and Environment, Inc. (E & E), their subcontractor LimnoTech, and its
subcontractors assisted the United States Army Corps of Engineers - Buffalo Dis-
trict (USACE) in completing the technical analyses associated with this project.
The second-tier subcontractors supporting this project include:

m Heidelberg University;
m  University of Toledo; and

m University of Wisconsin—Stout.

1.2 Objectives and Approach

The main objective of this study was to conduct a coordinated field sam-
pling/laboratory testing and modeling program designed to assess the relative con-
tribution of open-lake placement of Toledo Harbor dredged material to bioavaila-
ble phosphorus, water clarity/turbidity, and HABs production in the WLEB. The
objectives of the field/experimental portion of this project were to monitor the re-
sponse of the WLEB to the open-lake placement operations and to provide input
and calibration/corroboration data for an existing linked hydrodynamic-sediment
transport-eutrophication model (WLEEM) that LimnoTech has developed for as-
sessments of the type proposed for this study (LimnoTech 2010). The Final Sam-
pling and Analysis Plan (SAP) for the Influence of Open-Lake Placement of
Dredged Material on Western Lake Erie Basin Harmful Algal Blooms was pre-
pared that detailed the field sampling program designed to meet the study objec-
tives (E & E/LimnoTech 2013). A description of the experimental approach and
model input data is provided in Section 2 of the SAP. Section 5 of this report
provides a detailed list of project objectives and a discussion of how the study
findings related to these objectives.

1.3 Study Area - Site Description

Toledo Harbor is located near the southwest shore of Lake Erie at the mouth of
the Maumee River at the city of Toledo, Lucas County, Ohio. Federal navigation
channels in the project area include the 18-mile Lake Approach Channel in
Maumee Bay and the WLEB and the 7-mile River Channel in Maumee River (see
Figure 1-1). These harbor channels are regularly maintenance-dredged by the
USACE to accommodate efficient and safe deep-draft commercial naviga-

tion. Dredged material determined to meet federal guidelines for open-lake
placement is placed at the existing 2-square-mile (1,280-acre) open-lake place-
ment area in the WLEB, located just north of the Lake Approach Channel near
Lake Mile 11 (see Figure 1-1). The center of this area is on an azimuth of 33° at a
distance of 3.5 miles from the Toledo Harbor Light. Dredged material placement
has typically been restricted to the square mile section located in the northeast
portion of this area (640 acres). However, as of 2014 placement is being per-
formed in the southwest half of the site. This site has depths that range from 20 to
23 feet below low water datum (LWD) and is within a warm-water aquatic eco-
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system that consists mainly of soft unstructured bottom and water column habi-
tat. Bottom sediments at the open-lake placement area consist primarily of silts
and clays. Typical annual dredging requirements are approximately 850,000 cu-
bic yards. The vast majority of this volume is derived from the Lake Approach
Channel, which is also located in the WLEB, and placed in the open-lake place-
ment area.

Lake Erie’s long, narrow orientation parallels the direction of the prevailing
southwest winds. Strong southwest winds and strong northeast winds set up
seiches, causing a difference in water depth as much as 14 feet between Toledo
and Buffalo (Hamblin 1987). The effect is most prevalent in the WLEB where
large areas of the lake bottom are exposed when water is blown to the northeast,
or large areas of shoreline are flooded as water is blown to the southwest. Overall
current and wave patterns in Lake Erie are complex, highly changeable, and often
related to wind direction (USEPA 2008).

1.4 Scope of Report

Section 2 of this report provides a brief overview of the literature review and con-
ceptual site model that serves as the basis for the study design. Section 3 de-
scribes the field and laboratory data collection activities and methods. Section 4
presents the summary of the results from the data collection activities and a de-
scription of the WLEEM model that has been used to synthesize the data from this
project with other forcing functions and conditions during the 2013 open-lake
placement period. Section 5 presents a discussion of the results of both the field
sampling program and the incorporation of the open-lake placement for the whole
season into a simulation of HABs in the full 2013 summer and the relative contri-
bution of the open-lake placement to the HABs. Section 6 presents the conclu-
sions of the study.
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Background and General
Approach

This section provides a summary of background data collected as part of this pro-
ject and a conceptual site model developed based on this data. The section also
provides a summary of the SAP.

2.1 Literature Review

As part of this study, the project team performed an examination of current litera-
ture (academic journal articles and other reports) related to HAB development and
the impact of dredged material placement activities. The Literature Review
Summary Report (see Appendix A) compiles, synthesizes, and interprets existing
information building a comprehensive picture of HAB development in the WLEB
and addresses potential links to the open-lake placement of dredged material.

2.1.1 HAB Development Dynamics

Phytoplankton, the drifting algae found in the open water of lakes, is a diverse
assemblage of nearly all major taxonomic groups, including cyanobacteria. Phy-
toplankton requires sunlight and inorganic nutrients, such as nitrogen, phospho-
rus, and sulfur compounds in order to live and grow. Some cyanobacteria pro-
duce toxins, called cyanotoxins, which can be harmful to human and animal
health. Blooms occur when nutrient levels spike in aquatic environments or nu-
trient levels are selective toward Microcystis aeruginosa, which is the common
variety but not the only toxic HAB.

Excess nutrients, in particular phosphorus, have been linked to the increasing ap-
pearance of HABs in Lake Erie (OEPA 2010). In the 1960s and early 1970s Lake
Erie’s HABs were one of the major water quality issues in the United States. As a
result of the of the Great Lakes Water Quality Agreement in 1972, nutrient efflu-
ent limits were enforced for point sources, and the water quality of Lake Erie im-
proved drastically, which resulted in HABs being diminished for several years
(DePinto et al. 1986a). However by the mid-1990s, phytoplankton biomass began
to increase across Lake Erie in the summer months. By the late 1990s and early
2000s, cyanobacteria biomass began increasing in the summer months across
Lake Erie and large HAB occurred in 2003 and in the 2008 to 2011 period (OEPA
2010; Stumpf et al. 2012).
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2 Background and General Approach

Cyanobacteria blooms are usually confined to the western basin of Lake Erie,
however, in some summers these have extended into the central basin (Stumpf et
al. 2012). Satellite images of the progression of the blooms consistently point to-
ward the Maumee Bay and areas near the bay as having the highest concentrations
of cyanobacteria (Wynne et al. 2010; Binding et al. 2012).

The extent of HABs within a given year has been correlated strongly with spring
phosphorus loads that are discharged from the Maumee River (Stumpf et al.
2012). In the WLEB it has been demonstrated that most of the phosphorus load is
discharged by the early spring (March through June), but the blooms do not begin
to form until months later (Stumpf et al. 2012). Nutrients are available for HAB
formation earlier in the year, but formation of algal blooms requires: the correct
environmental conditions (i.e., temperature, light availability, low mixing), and
the correct concentration and ratio of nutrients (nitrogen:phosphorus [N:P]) (Elser
1999; Sullivan 1987).

A study by Bridgeman et al. (2012) considered the algal composition along a gra-
dient from the Maumee River out into the western basin during the growing sea-
son of 2009. The study showed that in June, green algae dominate in the Maumee
River and Lake Erie (46% and 60%, respectively), with a smaller percentage of
cyanobacteria in the Maumee River (17%). By August, the cyanobacteria per-
centage of total biomass increased to 32% in Lake Erie and dropped to 3% in
Maumee River. In the open lake water during August, Microcystis aeruginosa is
the dominant cyanobacteria, and in the nearshore area of Maumee Bay (at a depth
of 1.5 to 3.5 meters [m]). Lyngbya wollei has emerged as a nuisance, attached,
filamentous, cyanobacterial algae that can either wash up on shore or be swept out
into the lake (Bridgeman et al. 2012; Bridgeman and Penamon 2010).

Phosphorus entering Lake Erie occurs in two basic forms, dissolved phosphorus
(DP) and particulate phosphorus. Together, DP and particulate phosphorus com-
prise total phosphorus (TP). DP can be further subdivided into dissolved reactive
phosphorus (DRP) and dissolved organic phosphorus (DOP). The DRP is consid-
ered to be 100% bioavailable to support algal growth and DOP bioavailability
varies, but up to 74% of it could be ultimately bioavailable to support algal
growth (OEPA 2010; Lambert 2012). The DRP fraction of TP discharged from
the Maumee River has been increasing since 1995 (Baker 2011a).

Other nutrients, such as nitrogen, have been steadily increasing over the years and
may be limiting to certain algae (Paerl and Scott 2010; OEPA 2010). However a
nutrient limitation study suggests that cyanobacteria had sufficient nitrogen and
micronutrients to meet their maximum growth potential (Chaffin et al. 2011).
Ecosystem changes such as the spread of Dreissenid mussels and climate change
could also be playing a role in the expansion of HABs (Zhang et al. 2011; Paerl
and Paul 2012; Hartig et al. 2009).
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2.1.2 Sediment Loading and Dredged Material Placement

Point source loadings (e.g., wastewater treatment plants, combined sewer over-
flows, and industrial discharges) have remained fairly consistent since 1981 and
are not considered to be a significant contributor to the recent increases in DRP
loads measured in Ohio’s Lake Erie tributaries (Baker 2011b). Atmospheric dep-
osition of phosphorus into Lake Erie has remained relatively constant for the last
20 years, and is approximately 5% of the total load to the lake (Dolan and Chapra
2012). Non-point source loadings (e.g., urban, residential and agricultural runoff)
contribute nutrients from surface water runoff of farm fields and the urban envi-
ronment. However, urban land accounts for only a small percentage of land area
in the Maumee River watershed (7 %).

The loading data indicates that Lake Erie (on average) receives 20 times more ni-
trogen than is required to satisfy the generally accepted N:P ratio of 16:1, the
“Redfield ratio” (Stumpf et al. 2012), which suggests that Lake Erie is a phospho-
rus limited system (Chaffin et al. 2011).

Internal loading (e.g., phosphorus released from sediments) greatly influences the
trophic status of a lake. The release of phosphorus from sediments has been ex-
tensively studied and is well understood (James 2007). In comparison with the
water column, sediments in Lake Erie store much more phosphorus (Chaffin and
Kane 2010) and in most cases they serve as a phosphorus source to the lake.

Reine et al. (2007) found that the total suspended solids (TSS) plumes produced
by bucket dredging (15-cubic-yard dredge bucket) of the Toledo Harbor Lake
Approach Channel were relatively narrow bands of elevated concentrations of re-
suspended sediments, that decayed rapidly over short distances from the source.
The spatial extent of the plume measured no more than approximately 600 feet
(200 meters) up or down channel from the source with a maximum width of ap-
proximately 300 feet (100 meters). The maximum TSS concentration in the im-
mediate vicinity of the excavation exceeded the ambient conditions. Detectable
plumes decayed to ambient conditions within 600 feet (200 meters) of the source.

The Ohio Lake Erie Phosphorus Task Force (OEPA 2010) observed that the
phosphorus concentrations in western basin sediments are similar to concentra-
tions in agricultural soils. Aluminum concentrations in the sediment may be high
enough to effectively tie up most of the phosphorus, keeping its bioavailability
low. However, they found that the constant mixing of the extremely fine clay sed-
iment particles by wind and waves in the shallow western basin may increase the
opportunity for phosphorus to dissolve in the water column. The sediments have a
fairly high iron concentration and much of the phosphorus on the surface sedi-
ments is bound with ferric iron. When the bottom water oxygen concentration
drops below 2 ppm, iron reduction occurs and phosphorus is released into the wa-
ter column.
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2.2 Conceptual Site Model

As part of the initial steps of the study, a conceptual site model (CSM) (see Figure
2-1) was developed and presented in a technical memorandum to describe the in-
fluence of open-lake placement of dredged material on WLEB HABs (see Ap-
pendix B). To accomplish this, the CSM was designed to address how this system
behaves and what processes need to be considered to address the management
questions. The CSM also evaluates all of the sources believed to contribute to
cyanobacteria blooms, including open-lake placement. The goal, through a com-
bination of data collection and model application derived from this conceptual
model, was to make an evaluation of the relative contribution of each driver. The
CSM was based on previous work by LimnoTech (2010) as well as a review of
relevant literature sources in Appendix A.

2 Background and General Approach

Dredged rowt Blue Green Diatoms
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Figure 2-1 Conceptual Diagram of Linking Phosphorus Loads to Algal
Blooms

Figure 2-1 presents a visual representation of the fate and transport of phosphorus
and its connection to algal growth in the WBLE. It includes all of the external
and internal sources of algal-available phosphorus that contribute to the develop-
ment of blue-green algal blooms, including how open-lake placement of dredged
material can contribute to bloom development. The dashed lines represent inter-
nal loads. Green arrows trace the movement of nutrients to and from algae and
brown arrows trace the fate of dredged material in the water column. The blue
arrows show the nutrient interaction within the water column and the sediment
bed. The loading of DP and particulate phosphorus from external sources was
combined into TP for simplicity. Additional detail on the on different sources of
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TP and their associated forms represent different levels of algal availability is

shown on Figure 2-2.
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Figure 2-2 Conceptual Diagram of Phosphorus Forms

2.2.1 External Phosphorus Loads

The total external phosphorus load to the WBLE was estimated at 7,108 metric
tons per year between 1998 and 2005 (OEPA 2010). This includes contributions
from the connecting channels via the Detroit River, Maumee River, other smaller
tributaries and direct point sources, and atmospheric deposition. Each major load
category is discussed below.

m Atmospheric Deposition - Particulate phosphorus settles on the water surface
throughout the year and is included here for completeness. Between 1998 and
2005 this accounted for 80 metric tons or approximately 1% of the total load
delivered to the basin (OEPA 2010)

m Detroit River - The Detroit River load of phosphorus is comprised of tributary
loads delivered to the Huron-Erie Corridor (HEC) (Lake Huron to Lake Erie,
including Lake St. Clair), the inflow to the HEC from Lake Huron, direct
point sources to the HEC including the Detroit Wastewater Treatment Plant,
and CSOs associated with the cities along the HEC. The Detroit River TP
load accounts for 37% of the total external load to the western basin (Dolan
and Chapra 2012; OEPA 2010), even though the flow from the Detroit River
represents approximately 95% of the total external flow into the western basin
(Baker 2010) .

m  Maumee River - Even though the annual inflow from the Maumee is only ap-
proximately 4% of the total inflow to the western basin, it also accounts for
approximately 42% of the total external TP load (OEPA 2010). This means
that the flow-weighted concentration of TP in the Maumee River discharge to
Lake Erie is close to 400 pg/L, almost 40 times higher than the Detroit River
(Baker 2011a; Burniston et al. 2012).

2-5
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Other tributaries - The Raisin, Huron, Ottawa, Portage, Cedar, and Stony trib-
utaries, and other direct point sources comprise the remainder of the external
TP load to the western basin. These sources contribute approximately 10% of
the total load to the western basin (OEPA 2010).

2.2.2 Internal Loads to the Water Column

The bottom sediments of the western basin contain a very large reservoir of phos-
phorus that can enter the water column by a number of processes, and a certain
fraction of that phosphorus either is, or can become, algal-available.

Resuspension - The resuspension of bottom sediments by wind/wave induced
bottom sheer stresses increases the water column concentration of particulate
phosphorus. Particulate phosphorus concentrations remain elevated until the
resuspended material settles back down to the sediment bed, which can be on
the order of hours to days depending on particle sizes and turbulent mixing
(DePinto et al. 1986b).

Sediment Diffusion - The bottom sediments of the WBLE can release DP
back into the water column by diffusion across the sediment-water interface
(Chaffin and Kane 2010; Smith and Matisoff 2008). The flux of phosphorus
from the sediments is primarily governed by the pore-water concentration of
DP, which can increase significantly under anoxic conditions (James 2007,
James 2010).

Dredged Material - The net effect of open-lake placement is similar to the
natural process of sediment resuspension, but on a smaller local scale, where-
by particulate phosphorus is reintroduced into the water column and allowed
to settle to the bottom. Previous work suggests that dredged material settles to
the bottom relatively quickly allowing for very limited contact time with the
water column (DePinto et al. 1986a).

2.2.3 Phosphorus Forms

Figure 2-2 represents the interactions among the phosphorus forms in the western
basin. This figure provides additional detail on dissolved and particulate forms of
phosphorus. The white boxes also correspond to the state variables (i.e., dynami-
cally simulated and tracked through time and space) that are included in the
WLEEM.

02:1003025.0013.05-B4018

Dissolved Phosphorus — This pool of phosphorus passes through a 0.45 um
filter. Within this fraction there is further division into inorganic (SRP) and
organic (DOP) forms. The SRP fraction is the form that is immediately avail-
able for uptake by algae. DOP phosphorus can be converted into SRP through
biologically-mediated mineralization processes that ultimately make it availa-
ble for uptake by algae. However, only a given fraction of DOP can be easily
converted into SRP, this form is considered the labile portion (LDOP) or
sometimes referred to as the algal-bioavailable form (Baker 2010). The re-
maining fraction of DOP is considered refractory (RDOP) because the conver-
sion to SRP is much slower and can take years to mineralize.

2-6
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m Particulate Phosphorus — This is the pool of phosphorus that is retained on a
0.45 pm filter. On the particulate phosphorus side there is a division between
particulate inorganic phosphorus (PIP) and particulate organic phosphorus
(POP). The PIP is sorbed to non-volatile suspended sediments (NVSS) or
sometimes called inorganic suspended solids (ISS). Some PIP can desorb and
be transformed into SRP. The reverse process (adsorption) can also take place
depending on concentrations of each form in the water column. The POP
forms can be converted to DOP through a process called hydrolysis.

m Algal Phosphorus — The last remaining form of phosphorus in the water col-
umn is bound up in the algae itself. This form of phosphorus is considered
part of the total particulate phosphorus described in the previous bullet be-
cause it is retained on a filter.

m Sediment Phosphorus — Once any of the particulate forms of phosphorus
reaches the sediment bed it becomes a part of the sediment bed. Here it is
available for reincorporation into the water column by either resuspension
processes or conversion to dissolved forms within the sediment bed.

2.2.4 Algal Growth and Other Biological Processes

Figure 2-3 illustrates how zooplankton, Dreissenids, and benthic algae interact
with water column algae and particulate and DP on the water column. In addition
to the nutrients described previously, algal growth requires appropriate light and
temperature. The nutrient, light, and temperature ranges for optimum growth
rates of algae are species-specific. Processes that lead to loss of algal biomass
include: settling and deposition, grazing by zooplankton, filtering by Dreissenids,
endogenous respiration, and bacterial-mediated decomposition.

Zooplankton graze on algae in the water column and lock a portion of the phos-
phorus in their biomass and release the remainder as fecal material. Additionally
zooplankton die and settle to the bottom sediments. Dreissenid mussels can sig-
nificantly reduce the water column particulate phosphorus concentration through
physical filtration. However, once filtered, mussels release phosphorus back into
the water column in a dissolved form that is readily available for uptake by algae.
Therefore Dreissenid mussels can enhance the ratio of DP to particulate phospho-
rus in the water column without having to undergo a much slower transformation
process in the sediment bed that depends on anoxic conditions to see significant
release into the water column. Additional detail on the interaction of Dreissenid
mussels with TP is provided in Bierman et al. (2005).

2.3 Sampling and Analysis Plan Summary

Based on the literature review and CSM, a sampling and analysis program was
finalized and presented in the SAP. The SAP describes the activities in support of
the project performed directly by or under oversight by E & E or LimnoTech.
Section 2 of the SAP summarizes the approach to meeting the sampling objectives
and Section 3 presents a summary of the activities and methodologies that were
performed during the field effort. A Quality Assurance Project Plan and site-
specific Accident Prevention Plans are provided as appendices to the SAP. Pro-
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ject Team standard operating procedures outlining the procedures for implement-
ing field activities described in the SAP are included in an appendix to the SAP.
Instrument manuals and field data collection forms also are included in appen-
dices to the SAP. Any deviations from the SAP are presented in Section 3.2 of
this report. The objectives and approach to meet the objectives are briefly de-
scribed below.

Water Column
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N
8 Zooplankton |« ]
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Figure 2-3 Interaction of Zooplankton, Dreissenids, and Benthic Algae
with Particulate and Dissolved Phosphorus

m  Objective 1 — Assess phosphorus flux during the open-lake placement of To-
ledo Harbor dredged material. Quantify the flux of phosphorus from dredged
material as a function of equilibrium phosphorus characteristics. Compare
dredged material with natural lake sediment to better assess the potential im-
pact of settling material on soluble phosphorus concentrations in the water
column. Measure the actual concentrations of TSS, particle size distributions
and concentrations of phosphorus in the water column before, during, and af-
ter a selected subset of dredged material placement events, adequate to charac-
terize the dynamics.

- Approach — To meet this objective the study approach was designed to fol-
low the transport and fate of dredged material, including the solids and as-
sociated phosphorus forms, as it is released from the barge at the place-
ment site.
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Both long-term and short-term monitoring events were performed to
monitor both settling and dispersion SRP pathways during the dredging
material placement process. Long-term monitoring included measuring
water quality parameters over the period of June through October 2013.
Short-term monitoring was conducted over the course of each individual
sampling event. The first and last events monitored baseline and post
dredging conditions. The two middle sampling events captured short-term
variability in dredged material transport and deposition at both the active
placement site and a reference area location. In addition, composited grab
samples of the dredged material were collected from several barges to de-
termine the phosphorus and sediment characteristics of dredged material.

m  Objective 2 — Measure the net release of phosphorus per unit of lake bottom
area in the placement site and from resuspended material transported from the
placement area via natural circulation. Net releases from reference area of
lake bed (representative of background) were also measured.

02:1003025.0013.05-B4018

Approach — To meet this objective the study approach was designed to
gain a quantitative understanding of the longer-term bioavailable phospho
rus release from the material that has initially deposited in the placement
site.

There are two mechanisms for bioavailable phosphorus to be released
from this bottom sediment area: pore diffusion of DP from the sediments
into the water column; and resuspension of these bottom sediments fol-
lowed by desorption of DP while those resuspended sediments are still in
the water column. The former mechanism was assessed by collecting in-
tact sediment cores from the placement site and reference area and pro-
cessing in a controlled laboratory environment as described in Appendix
E. Sediment cores were collected at the beginning of the study prior to
dredging operations and after most of the dredged material had been
placed to characterize sediment flux before and after dredged material
placement. The second part of this objective (measure net release/export
of resuspended material from natural circulation) was met through collec-
tion of long term datasets and the application of the WLEEM model.

One final piece of field data that was collected to meet this objective was
deployment of a set of sediment traps at the placement site and reference
area. The sediment traps served to integrate the gross amount of material
that is resuspended from the sediment bed and deposited at each site.

Objective 3 — Assess long-term diffusive phosphorus flux from the deposited
dredged material at the placement site and reference area sediments. Assess
horizontal transport of phosphorus and re-suspended sediments from the
placement site and reference area with in-lake measurements.

Approach - The first part of this objective was answered by the data col-
lected to meet the previous objective (e.g., flux rates of phosphorus from
intact cores) and the model, which integrates the flux rates over time and
across a range of environmental conditions. The second part of this objec-
tive (assess horizontal transport) was met with some of the data collected
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in the previous section (continuous monitoring of turbidity at both sites
and sediment traps), but relied mostly on the application of the model as it
can quantify material transported from the placement area in comparison
with material transported from the reference area.

m Objective 4 — Assess vertical variations within the sediment phosphorus pools

02:1003025.0013.05-B4018

at the placement site and reference area to evaluate the long-term accumula-
tion of dredged material, the size of the mobile phosphorus pool, and the
probable, long-term pattern of phosphorus release into the overlying water.

- Approach - As part of the sediment coring mentioned above to quantify
phosphorus release, a second set of intact sediment cores were collected
from the placement site and reference area. These cores were vertically
sectioned to obtain a vertical profile of a suite of physical (e.g., bulk densi-
ty, loss-on-ignition) and chemical (TP) parameters. In the surface of each
core, P fractionation was measured as described in Appendix E.

Objective 5 — Assess fractionation of sediment phosphorus and classify the
phosphorus species classified into groups (pools) that reflect the ecological
function of differing phosphorus species in the aquatic environment.

- Approach - This objective was met by measuring phosphorus fractionation
in the surface of sediment cores as described in Section 2.2.4.

Objective 6 — Characterize water and sediment chemistry before, during and
after dredged material placement operations to support detailed numeric mod-
eling of water and phosphorus movements in relation to placement of the
dredged material in the WLEB.

- Approach - This objective was met by all of the short-term and continuous
monitoring data collected as well as the sediment sampling program pre-
sented in Appendix E.

2-10
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Data Collection Activities

This section provides a summary of the activities and methodologies that were
performed during the field effort to collect the data identified in the SAP. In gen-
eral, the field work included: long-term continuous monitoring, short-term con-
tinuous monitoring, water column sampling, and sediment sampling. Sampling
activities occurred during four field events:

m Event la: May 9 and May 17, 2013: Deployed long-term monitoring buoys
and equipment;

m Event 1b: June 18, 19, 20, and 24, 2013: Collected sediment grabs, sediment
cores, water column samples, and deployed sediment traps;

m Event2: July 22, 23, 24, 25, and 30, 2013: Collected surface water, dredged
sediments, and sediment trap samples;

m Event 3: August 19, 20, and 21, 2013: Collected water column samples; and

m Event4: October 1 and 2, 2013: Collected sediment grabs, sediment cores,
water column, and sediment trap samples. Buoys and equipment were de-
commissioned at a later date.

3.1 Field Activities

The first sampling event took place prior to dredging operations at the location
within the open-lake placement area where the USACE and their dredging con-
tractor had determined that material would be placed in 2013. Events 2 and 3
took place during dredging operations. The Event 4 was planned to take place
after dredging was completed for the season; however, due to rapidly declining
weather conditions, Event 4 actually took place after most of material had been
disposed of at the placement area. Just prior to the last event, the contractor
moved the placement area to a different section within the placement area so that
the “before” and “after” dredging conditions could be properly assessed. All nota-
ble deviations to the SAP were documented in field adjustment forms (see Ap-
pendix C) and are summarized in Section 3.2.

A detailed summary of the sampling efforts by event is provided on Table 3-1.
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Table 3-1

Activity

Summary of Sampling Events

Event 1a

May 9 and 17, 2013

Event 1b
June 18 — 20, 24, 2013

Event 2

July 22 - 25, 30, 2013

Event 3
Aug 19-21,2013

Event 4
Oct 1 and 2, 2013

Long-term Monitoring PA Station 26 RA-1 Station 25
Buoy/Instrument Deploy- RA-0 RA-2 Station 27
ment MR Station 28
Short-term Monitoring PA Stations N, S, E, W |PA Stations N, S, E,
Buoy/Instrument W
Buoy Maintenance PA Station 26 PA Station 26 PA Station 26
RA-1Station 25 RA-1Station 25 RA 1Station 25
RA-2 Station 27 MR Station 28 MR Station 28
MR Station 28
Surface Sediment Grab PA Stations 1, 2,3 |PA Stations 1 through 20 PA Stations 5, 6, 8-20, 26
Sampling RA-0 RA-1 Stations 21, 23, 25 RA-1 Stations 21, 23, 25,
(original RA) RA-2 Stations 22, 24, 27 30
RA-2 Stations 22, 24, 27
Sediment Cores Sampling PA Stations 1, 19, and 20 PA Station 19, 20
RA-1 Stations 21, 23, 25 RA-1 Station 21, 23, 25
RA-2 Stations 22, 24, 27 RA-2 Stations 22, 24, 27
Sediment Traps RA-1 Station 25 PA Station 26 PA Station 26
RA-2 Station 27 RA-1 Station 25 RA-1 Station 25
RA-2 Station 27 (7/22, RA-2 Station 27
7/30)
Barge Sediment Sampling 3 samples (7/23)
6 samples (7/30)
Water Column Profiling PA Stations 1, 19, 26 PA Station 26 (7/22, PA Station 26 (8/19,
RA-1 Station 25 7/23, 7/30) 8/20, 8/21)
MR Station 28 RA-1 Station 25 (7/22, |RA-1 Station 25
7/23, 7/30) (8/19, 8/20, 8/21)
RA-2 Station 27 (7/22, |RA-2 Station 27 (8/19,
7/23, 7/30) 8/20, 8/21)
MR Station 28 (7/22, |MR Station 28 (8/19,
7/23, 7/30) 8/20, 8/21)
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Table 3-1

Activity
Integrated Water Column
Sampling

Summary of Sampling Events

Event 1a

May 9 and 17, 2013

Event 1b

June 18 — 20, 24, 2013

PA Stations 1, 19, 26
RA-1 Station 25
MR Station 28

Event 2

Event 3
Aug 19-21,2013

July 22 - 25, 30, 2013

PA Station 26 (7/22,
7/23,7/30)

RA-1 Station 25 (7/22,
7/23,7/30)

RA-2 Station 27 (7/22,
7/23,7/30)

MR Station 28 (7/22,

PA Station 26 (8/19,
8/20, 8/21)

RA-1 Station 25
(8/19, 8/20, 8/21)
RA-2 Station 27 (8/19,
8/20, 8/21)

MR Station 28 (8/19,

Event 4

Oct 1 and 2, 2013

PA Station 19, 26 (10/1)

RA-1 Station 25 (10/1)
RA-2 Station 27 (10/1)
MR Station 28 (10/1)

7/23,7/30) 8/20, 8/21)
Laser In Situ scattering RA-1 Station 25 PA Station 26 (7/22, PA Station 26 (8/19,
Transmissometry (LISST) 7/23,7/30) 8720, 8/21)

RA-1 Station 25 (7/22,
7/23, 7/30)
RA-2 Station 27 (7/22,

RA-1 Station 25 (8/19,
8/20, 8/21)
RA-2 Station 27 (8/19,

7/23, 7/30) 8/20, 8/21)
MR Station 28 (7/22, | MR Station 28 (8/19,
7/23, 7/30) 8/20, 8/21)
PA Stations E, W
(7/22) and W (7/30)
Biomass Sampling PA Stations 1, 19, 26 PA Station 26 (7/22, PA Station 26 (8/19,
RA-1 Station 25 7/23, 7/30) 8/20, 8/21)

MR Station 28

RA-1 Station 25 (7/22,
7/23,7/30)

RA-2 Station 27 (7/22,
7/23,7/30)

MR Station 28 (7/22,

RA-1 Station 25 (8/19,
8/20, 8/21)

RA-2 Station 27 (8/19,
8/20, 8/21)

MR Station 28 (8/19,

7/23,7/30) 8/20, 8/21)

Plume Monitoring 5 Stations on 7/22 5 Stations and moni-
8 Stations on 7/23 tored turbidity in a
(samples at 5 Stations) |concentric pattern
5 Stations 7/30 (8/19)

5 Stations 8/19
5 Stations 8/20

5 Stations and moni-
tored turbidity at fixed
location in center of
initial plume

Key:

PA = Placement Area; RA = reference area; MR = Maumee River
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3.1.1 Long-term Continuous Monitoring

Long-term continuous monitoring buoys equipped with multi-parameter sondes
(i.e., turbidity, conductivity, and temperature) were deployed at three locations in
the placement area (PA [26]), RA-(RA-1 [25]), and the mouth of the Maumee
River (MR [28]). Data from the project sondes are complemented by data from
multi-parameter sondes deployed by other agencies as described in Section 3.3.
The long-term continuous monitoring stations are shown in Figure 3-1 and listed
in Table 3-2. Data from the long-term continuous monitoring buoys deployed by
the study team are included in Appendix C-1. Data from the long-term continu-
ous monitoring buoys deployed by University of Toledo is included in Appendix
D.

Additional instrumentation (an Acoustic Doppler Current Profiler [ADCP] and
weather station) were deployed at the placement area buoy (PA [26]) to measure
ambient lake currents through wind speed, gust speed, direction, air temperature,
humidity, pressure, solar radiation, wave height, and wave period. This ancillary
data were used to verify hydrodynamic model calibration (wave height and water
currents) and to collect high quality local input data for the model (wind speed
and direction, air temperature, and solar radiation). All of these data served to
calibrate and corroborate the model’s ability to simulate sediment resuspension
and transport as a function of hydrometeorological forcing functions (i.e., wind
velocity, temperature, tributary flows) in the system.

The original RA-0 was selected to be up-current from the placement area based
on circulation modeling and comparable water depth to the placement area (see
Figure 3-2). However, as described in the field adjustment form dated July 11,
2013 (see Appendix C), this location was abandoned due to the presence of abun-
dant dreissenid mussel shells and harder than expected substrate, which prevented
in-tact cores and surface sediment samples from being collected. The reference
area was then relocated approximately 4 miles southwest of the placement area
noted as RA-1 on Figure 3-1. Following analysis of sediment cores collected
from RA-1, it was determined that sediment at RA-1 had much higher phosphorus
releases than sediments in the placement area. There was concern that the RA-1
location was not solely representative of the sediments of open waters of the
WLEB and that the dreissenids in this area may cause a higher phosphorus release
due to biological activity. Therefore, a second reference area (RA-2) was selected
and sediment cores were collected from this area. RA-2 was located approxi-
mately 5 miles northeast of the placement area, near an established National Oce-
anic and Atmospheric Administration (NOAA) Great Lakes Environmental Re-
search Laboratory (GLERL) Real-Time Meteorological Observation Network
monitoring station (Toledo Light #2) and the NOAA GLERL western Lake Erie
master monitoring station WE4, as shown in Figure 3-1. Data from NOAA
GLERL were integrated with the rest of the study data from RA-2, therefore a
separate water quality sonde was not deployed at RA-2. Samples were collected
from both reference areas (RA-1 and RA-2) throughout the study. The data col-
lected are summarized in Section 4.1.1.
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Table 3-2  Monitoring Locations

Location Station No. Latitude Longitude Location Type
Placement Area PA (26) 41.80625 -83.26998 Lone-term Monitor-
Original Reference RA-0 41.84479 -83.27313 -ong-terh
Area ing, Contmuoug and
RA-1 RA-1 (25) 41.77539 -83.34378 Event Sampling
RA-2 RA-2 (27) 41.8214 -83.1855 Long-term Monitor-
ing, Event Sampling
Mouth of Maumee MR (28) 41.70883 -83.43523 Long-term Monitor-
River Site ing, Continuous and
Event Sampling
Toledo Light #2 THLO1 41.76187 -83.329 Long-term Monitor-
ing, Continuous (via
NOAA-GLERL - Re-
al time meteorologi-
cal)
Placement Area —Just North 41.81705 -83.28211
outside of Barge South 41.81001 -83.28211 Sl.lort. Term
Dumping Area East 41.81312 83.27759 Monitoring Buoy
West 41.81291 83.28689
1 41.8049 -83.2868
2 41.80216 -83.2867
3 41.8049 -83.2831
4 41.80768 -83.2794
5 41.80759 -83.2868
6 41.80764 -83.2905
7 41.80485 -83.2904
8 41.80774 -83.2831
9 41.81036 -83.2868
Placement Area 10 41.81031 -83.2904 Sediment Sampling
11 41.81544 -83.2851
12 41.81371 -83.2858
13 41.81502 -83.283
14 41.81338 -83.2834
15 41.81291 -83.2814
16 41.81463 -83.2813
17 41.81417 -83.2795
18 41.81255 -83.2795
19 41.81409 -83.2825
20 41.81437 -83.2846
21 41.77481 -83.3457
RA-1 23 41.77602 -83.3419
25 41.7754 -83.3438 Sediment Sampling
22 41.8225 -83.1868
RA-2 24 41.8203 -83.1842
27 41.8214 -83.1855
Key:
RA = reference area
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3.1.2 Water Quality Sampling

Water column sampling involved collecting a series of water column profiles and
surface water grab samples each sampling day. The station locations are summa-
rized in Table 3-2 for monitoring locations and Table 3-3 for water quality sam-
ples. The results for all water quality samples are discussed in Section 4.1.2. Wa-
ter quality sample locations are shown on Figures 3-2 and 3-3.

Water Column Vertical Profiles

Vertical profiles were logged for pH; turbidity, conductivity, dissolved oxygen,
and temperature at each of the long-term monitoring stations (see Table 3-2). The
field data are included in Appendix C-3. In addition, particle size distribution (la-
ser in situ scattering and transmissometry [LISST]) was performed in conjunction
with the water column vertical profiling and the field data are presented in Ap-
pendix C-4a to C-4d. Although particle size data were collected, the data was not
analyzed as part of this study. These data can be utilized in the future if desired to
further characterize particle sizes of ambient and dredged material in the water
column.

Based on the SAP, in addition to the long-term continuous monitoring stations,
vertical profiles were to be collected at 16 water quality stations in the placement
area each day. Two additional stations (i.e., Stations 1 and 19) in the placement
area were monitored during Event 1. In Events 2 and 3, the vertical profile plan
was changed to track the plume in different ways (see Section 3.1.3 for additional
details).

Water Column Integrated Sampling

During the four sampling events, water column grab samples were collected using
a depth integrated sampler at select stations in the placement area and at the other
long-term monitoring locations. The locations within the placement area are
shown on Figure 3-3. Water sampling during sampling Events 1 and 4 were per-
formed on one sampling day to establish pre- and post-dredge water quality con-
ditions. Water column samples were collected with a depth-integrated sampling
tube from the surface to 3 feet above the lake bottom as described in the SAP.
The depth of the samples was noted in the sample ID. Samples for cyanobacteria
biomass were collected using a 0.5-meter diameter, 112-micron mesh plankton
net towed from within 1 meter of the lake bottom to the surface. The water col-
umn integrated samples were analyzed for the parameters listed on Table 3-5.

During Events 2 and 3, samples were collected over multiple days. The samples
are noted on Table 3-3 and the data are presented in Appendix D-1. Samples
were collected at the long-term monitoring stations and at five additional loca-
tions based on the visual sediment plume. These locations were also recorded us-
ing a Global Positioning System (GPS) and the locations are noted on Table 3-4
and Figure 3-4. Results of the surface water grab samples are presented in Sec-
tion 4.1.2.
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Table 3-3  Surface Water Quality Samples

EVENT 1 EVENT 2 EVENT 3 EVENT 4
June 24, 2013 July 22, 2013 July 23, 2013 July 30, 2013 | August 19, 2013 | August 20, 2013 | August 21, 2013 | October 1, 2013

Location Station|Location Station|Location Station|Location Station|Location Station|Location Station|Location Station|Location Station
RA-1 25 RA-1 25 RA-1 25 RA-1 25 RA-1 25 RA-1 25 RA-1 25 RA-1 25
RA-2 27 RA-2 27 RA-2 27 RA-2 27 RA-2 27 RA-2 27 RA-2 27 RA-2 27

PA 1 PA 26 PA 26 PA 26 PA 26 PA 26 PA 26 PA 26
PA 19 MR 28 MR 28 MR 28 MR 28 MR 28 MR 28 PA 29
PA 26 Plume 1 Plume 1 Plume 1 Plume 1 Plume 1 Plume 1 MR 28
MR 28 Plume 2 Plume 2 Plume 2 Plume 2 Plume 2 Plume 2
Plume 3 Plume 3 Plume 3 Plume 3 Plume 3 Plume 3
Plume 4 Plume 4 Plume 4 Plume 4 Plume 4 Plume 4
Plume 5 Plume 5 Plume 5 Plume 5 Plume 5 Plume 5
Total 6 Total 9 Total 9 Total 9 Total 9 Total 9 Total 9 Total 5

University of Toledo Sampling

Maintenance Maintenance Weekly Sampling
July 3, 2013 July 30, 2013 Various
Location Station Location Station Location Station
RA-1 8M RA-1 8M PA 26 7/15/2013
MR MB20 MR mouth MB20 PA 26 8/16/2013
RA-2 GR1 RA-2 GR1 PA 26 8/29/2013
RA-1 25 PA 26 9/19/2013
RA-2 27 PA 26 10/8/2013
MR 28 PA 26
Total area 3 Total 3 Total 6
Key:
PA = placement area
RA = reference
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Table 3-4 Integrated Water Samples for the Plume Monitoring Events in Event 2
and Event 3
Plume
Event Day Date Sample No. Latitude Longitude Source
2 1 7/22/2013 1to4 41.81205 -83.28350 Log Book
2 1 7/22/2013 5 41.81337 -83.28115 Log Book
2 2 7/23/2013 1 41.81297 -83.28159 Log Book
2 2 7/23/2013 2 41.81383 -83.28111 Log Book
2 2 7/23/2013 3 41.81387 -83.28077 Log Book
2 2 7/23/2013 4 41.81351 -83.27767 Log Book
2 2 7/23/2013 5 41.81595 -83.27609 Log Book
2 3 7/30/2013 1 41.81273 -83.28392 Log Book
2 3 7/30/2013 2 41.81240 -83.28442 Log Book
2 3 7/30/2013 3 41.81328 -83.28492 Log Book
2 3 7/30/2013 4 41.81242 -83.28513 Log Book
2 3 7/30/2013 5 41.81290 -83.28579 Log Book
3 1 8/19/2013 1 41.81391 -83.28264 GPS Track Log
3 1 8/19/2013 2 41.81376 -83.28270 GPS Track Log
3 1 8/19/2013 3 41.81370 -83.28255 GPS Track Log
3 1 8/19/2013 4 41.81377 -83.28245 GPS Track Log
3 1 8/19/2013 5 41.81384 -83.28251 GPS Track Log
3 2 8/20/2013 1to5 41.8125 -83.2827 GPS Track Log
3 3 8/21/2013 1 41.81217 -83.2808 GPS Track Log
3 3 8/21/2013 2 41.813 -83.2805 GPS Track Log
3 3 8/21/2013 3 41.81317 -83.2802 GPS Track Log
3 3 8/21/2013 4 41.814 -83.2797 GPS Track Log
3 3 8/21/2013 5 41.814 -83.2788 GPS Track Log
Table 3-5 Analytical Methods for Water Samples
Analysis Method Laboratory
Total Phosphorus EPA 365.1 Heidelberg University
Soluble Reactive Phosphorus SM 4500-P Heidelberg University
Total Dissolved Phosphorus EPA 365.1 Heidelberg University
Total Suspended Solids EPA 160.2 Heidelberg University
Volatile Suspended Solids EPA 160.4 Heidelberg University
Total Kjeldahl Nitrogen EPA 351.2 Heidelberg University
Nitrite and Nitrate EPA 300.1 Heidelberg University
Ammonia Nitrogen EPA 350.1 Heidelberg University
Chlorophyll-a SM 10200H.3 University of Toledo
Cyanobacteria biomass Specialized method University of Toledo
Cyanobacteria speciation Specialized method University of Toledo
Microcystin Enzyme-Linked Immuno- | University of Toledo
sorbent Assay test kit
Key:

EPA = (United States) Environmental Protection Agency
SM = Standard Method
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Water samples also were collected from the three long-term continuous monitor-
ing locations by University of Toledo during the three maintenance events that
were conducted between sampling events. The results are summarized in Appen-
dix D-2. Water samples also were collected by the University of Toledo at their
long-term monitoring stations. The results are summarized in Appendix D-3.

3.1.3 Short-term Continuous Monitoring/Plume Event Sampling
During the second and third sampling events when dredge material placement was
occurring, four multi-parameter water quality sondes were moored in proximity to
the active placement area. The short-term continuous monitoring buoys were de-
signed to characterize turbidity in the vicinity of the placement operation when
placement was actively taking place. The buoys were positioned approximately
1,000 feet away from the known area of active placement and in the cardinal di-
rections around the operation (north, south, east, and west) (see Figure 3-3). The
buoys were left at a given location for several hours or several days depending on
the operation conditions and the field data are provided in Appendix C5a to C5b.
The same buoy locations were used for each event.

Additionally, plume tracking was performed to characterize the size, shape, and
distribution of the dredge spoils plume. Tracking was performed by trolling the
water quality sonde through and around the perimeter of the dredge spoils plume,
immediately following release from the barge. Measured parameters include
temperature, turbidity, conductivity, pH, and dissolved oxygen. Four different
methods utilizing water quality sondes were used to characterize the plume. They
included taking measurements at locations throughout the plume, trolling multiple
water quality sondes at various depths, sitting stationary and tracking plume dis-
persion, and tracking the outer edge of the plume. The results are discussed in
Section 4.1.3 and the field data are provided in Appendix Cé6a to C6b.

3.1.4 Sediment Core and Grab Sampling

This field component consisted of collecting sediment cores and surface sediment
grab samples from the placement area and the reference areas. These samples
were collected to characterize physical (grain size, bulk density, specific gravity)
and chemical (fractions of P) parameters of sediments from the placement area
and reference areas as summarized in Table 3-6. The design and implementation
of the sediment sampling and analysis program was done in conjunction with
University of Wisconsin-Stout and the laboratory data are provided in Appendix
C7. The draft report from University of Wisconsin is provided in Appendix E.
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Table 3-6

Yo a e/ A

Sediment Core Samples

3 Data Collection Activities

Analysis Methods for Sediment Samples

Total Phosphorus

EPA 365.1

Moisture Content and Loss on Igni-
tion Organic Matter Content

ASTM E1109-86

Phosphorus fractions (NaOH ex-
tractable) (surface segment only)

Hieltjes and Lijklema (1980);
specialized method

Metals (iron, aluminum and calci- | EPA 200.7

um)

Particle Size Distribution Plumb 1981/ASTM D422
Specific Gravity ASTM D854

Estimated Bulk Density (Wet and ASTM E1109-86, Estimated Us-
Dry) Porosity ing Equations (see Appendix E)

Flux Incubation

SM 4500-P; specialized method

University of Wisconsin -
Stout

Surface Sediment Grabs

Total Phosphorus

EPA365.1

Moisture Content and Loss on Igni-
tion Organic Matter Content

ASTM E1109-86

Particle Size Distribution

Plumb 1981/ASTM D422

Estimated Bulk Density (Wet and

ASTM E1109-86, Estimated Us-

University of Wisconsin -
Stout

Dry) Porosity ing Equations (see Appendix E)
Dredge Material
Total Phosphorus EPA 365.1

Moisture Content and Loss on Igni-
tion Organic Matter Content

ASTM E1109-86

Particle Size Distribution

Plumb 1981/ASTM D422

Estimated Bulk Density (Wet and
Dry) Porosity

ASTM E1109-86, Estimated Us-
ing Equations (see Appendix E)

Phosphorus Fractions

Hieltjes/Lijklema (1980); spe-
cialized method

University of Wisconsin -
Stout

Sediment Traps

Sediment Dry Weight

ASTM D3976-92

Loss on Ignition Organic Matter
Content

ASTM E1109-86

University of Wisconsin —
Stout

Note:
Porosity = 1 - (bulk density/particle density).
Key:
ASTM = American Society for Testing and Materials
EPA = (United States) Environmental Protection Agency

SM = standard method

Of sediment solids. Particle density can be calculated from specific gravity by multiplying by the density of water (1 g/cm®).

Intact sediment cores were collected from the placement area and reference areas
and vertically sectioned to obtain a vertical profile of a suite of physical (e.g.,
bulk density, loss-on-ignition) and chemical (phosphorus fractionation) parame-
ters. Sequential fractionation of sediment phosphorus was conducted for the deter-
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mination of loosely-bound P, iron-bound P, aluminum-bound P, and calcium-bound
phosphorus in the surface segment.

In addition, surface sediment grab samples were collected from the placement ar-
ea and reference areas to assess horizontal variability of surface sediment phos-
phorus pools. Composited grab samples of sediment were also collected from the
barge by the dredging contractor to characterize the nutrient and physical charac-
teristics of dredged material.

Flux Measurements

To support the flux measurements, four cores were collected at each of the four
sediment sampling stations (two for evaluation under an oxic environment and
two for evaluation under an anoxic environment) for a total of 16 cores. The flux
measurement cores were collected during the first and last sampling events for a
total of 32 cores.

3.1.5 Sediment Trap Sampling

Sediment trap samplers were deployed to integrate the gross amount of material
that is resuspended from the sediment bed and deposited at each site. Although
not directly comparable with the model, the trap data give a direct comparison of
the relative quantity of deposited material at the placement area and reference area
measurements of gross sedimentation rate and to provide samples of deposited
sediments for subsequent visual characterization. Traps were deployed during
Events 1 and 2, and collected during Event 2 and 4 depending on the amount of
sediment present. The results are summarized in Section 4.1.6 and presented in
Appendix C7.

3.2 Deviations from the Work Plan

Deviations from the approved SAP (E & E/LimnoTech 2013) were based on the
field conditions in the reference area and changes to the tracking approach to bet-
ter assess the plume during dredge material placement. Changes are documented
in the field logs and Field Adjustment forms in Appendix C. The following is a
summary of these deviations:

Event 1a

During sampling Event 1a (May 9, 2013), one unplanned sediment grab sample
was collected on at the reference area and three unplanned sediment grab samples
were collected at the placement area. The purpose of these samples was to pro-
vide the field team with gross sediment characteristics at the proposed coring lo-
cations and to guide sediment sampling during the sediment sampling event in
June. In addition, continuous monitoring equipment in the placement area was
deployed at a different location than specified in the original plan based on dis-
cussions with Arnold Page (USACE Toledo) with regard to the actual planned
2013 placement area activities.
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Event 1b

During Event 1b, collecting sediment cores at the proposed reference area identi-
fied in the SAP (located 3 miles north of the placement area) was not possible due
to the presence of dreissenid mussel shells and a harder than expected substrate.
Attempts to collect sediment cores farther south of the proposed reference area
and north of the placement area were also unsuccessful due to the heavy presence
of mussel beds and shell fragments. Attempts were made at 2.75, 2.5, 1.5, and 1.0
miles north of the placement area. All resulted in similar sediment conditions that
were not conducive to collecting an intact sediment core for the sediment phos-
phorus flux incubations and phosphorus fractionation.

Therefore, the reference area was relocated approximately 4 miles southwest of
the placement area noted as RA-1 in Figure 3-2. Cores were collected at four lo-
cations, sediment traps were deployed, and the reference site buoy was relocated.
However, after retrieving sample analyses from these samples from the University
of Wisconsin, preliminary results indicated that sediment in the new reference ar-
ea had a much higher phosphorus release than sediments in the placement area.
There was concern that the reference area was not solely representative of the sed-
iments of open waters of the WLEB and that the mussels in this area may cause a
higher phosphorus release due to biological activity. Therefore, another site was
selected approximately 5 miles northeast of the placement area, RA-2 on Figure
3-2. This site is near an established NOAA water quality monitoring buoy (i.e.,
Toledo Light #2). Cores were collected, and the preliminary data indicated that
existing sediments in this area also had a much higher phosphorus flux from the
sediment than the placement area indicating that sediments in open water areas
release two to three times more phosphorus than the newly deposited sediment in
the placement area under anoxic conditions.

Based on this information, the team determined it to be most beneficial to contin-
ue sampling and monitoring of water quality at both alternative reference loca-
tions. These two stations should provide a representative view of sediment and
water quality conditions in areas not influenced by open-lake placement activities
that are closer to Maumee Bay (first reference area) and western Lake Erie (sec-
ond reference area). These new reference stations would also facilitate the com-
parison of sediment and water quality conditions in the placement area to areas
closer to where the material was dredged from (Maumee Bay) and to the open wa-
ters of the WLEB where HABs frequently occur.

Event 2

The sediment traps were originally planned as a string consisting of replicate traps
hung at three different depths (1 meter from surface, mid-depth, and 1 meter
above the lake bottom). The actual water depth encountered was not great enough
to allow for installation at three depths. Therefore, the traps were hung at two
depths, 1 meter from the surface and 1 meter from the bottom. The sediment
traps were only retrieved when sufficient sediment was present.
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Events 2 and 3 Water Colum Vertical Profile Samples

Vertical profile samples were collected using several different approaches as de-
scribed in Section 4.1.3 because the plume was dissipating very quickly and
monitoring at set locations was not possible.

Water Column Integrated Sampling

During the four sampling events, water column integrated samples were collected.
During Events 1 and 4, samples were collected at all the long-term monitoring
locations but additional samples in the placement area were not collected. Sam-
pling for surface water grabs also was performed at long-term monitoring stations
by University of Toledo as part of their monitoring program. Samples were al-
ways collected in the placement area at PA-01 but not at all of the reference area
locations.

3.3 External Data

This section describes data from outside sources that were not collected as part of
this project, but were used during the model calibration process. A list of stations
from external data sources are listed in Table 3-7 and shown on Figure 3-2.

3.3.1 NOAA

National Ocean Service hourly water level data were downloaded from Station
9063079 at Marblehead, Ohio, from 2011 to 2013 (NOAA 2013a).

Great Lakes Environmental Research Laboratory (GLERL) in-situ data collected
between 2011 and 2013 was obtained via email on February 20, 2014, from Tom
Johengen at GLERL. Samples were collected at the stations listed in Table 3-7.

Table 3-7 Monitoring Data From External Sources

Station Owner Station ID Latitude Longitude
GLERL WE2 41.76403 -83.3275
GLERL WE4 41.82672 -83.193
GLERL WE6 41.71343 -83.3804
GLERL WES 41.83433 -83.3633
uT 4P 41.7504 -83.1036
uT ™ 41.7338 -83.2968
uT M 41.7889 -83.356
uT GRI1 41.8214 -83.1855
uT MB18 41.7427 -83.4015
uT MB20 41.7156 -83.4556
EPA ER58 41.685 -82.9333
EPA ER59 41.72667 -83.15
EPA ER60 41.89167 -83.1967
EPA ER61 41.94667 -83.045
EPA ER91M 41.84083 -82.9167
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Table 3-7 Monitoring Data From External Sources

Station Owner Station ID Latitude Longitude
EPA ER92 41.95 -82.6867
Key:

EPA = United States Environmental Protection Agency
GLERL = Great Lakes Environmental Research Laboratory
UT = University of Toledo

The samples were analyzed for TP, total DP, SRP, ammonia nitrogen (NH3), ni-
trate (NO3), silicon dioxide (SiO,), chloride, TSS, volatile suspended solids
(VSS), particulate organic carbon, particulate organic nitrogen, extracted chloro-
phyll, and extracted phycocyanin. All samples were collected as grab samples
from 1 meter below the water surface. In addition, microcystin data collected by
GLERL in 2013 was used (GLERL 2013).

3.3.2 USGS
Daily average flow from the following USGS gage stations (USGS 2013):

m Station 04193500 — Maumee River
m Station 04176500 — Raisin River
m Station 04174500 — Huron River
m Station 04165710 — Detroit River

3.3.3 Heidelberg University

Tributary concentration data was downloaded from Heidelberg University for the
period of 2011 to 2013 for the Maumee River at Waterville and the Raisin River

(Heidelberg University 2013). The samples were analyzed for TSS, TP, SRP, ni-
trite and nitrate (NO,+NOs3) total Kjeldahl nitrogen (TKN), chloride, sulfate, sili-
ca, and conductivity.

3.3.4 University of Toledo

Data was collected by the University of Toledo from 2011 to 2013 from Tom
Bridgeman (Bridgeman 2014). Depth integrated samples were collected at the
WLEB shown in Table 3-6 and on Figure 3-1.

The samples were analyzed for TSS, VSS, NHj, chloride, sulfate, NO,, NOs,
Si0,, TP, SRP, total DP, fluoride, blue-green algal biovolume, and photosyntheti-
cally active radiation (PAR). Profile data using a water quality sonde were also
collected, including temperature, dissolved oxygen, specific conductivity, pH,
turbidity, and chlorophyll profiles.

3.3.5 USEPA - Great Lakes National Program Office

Data were downloaded from the EPA Great Lakes National Program Office
(GLNPO) website along with an overview of their sampling program (USEPA
2013). Data was also obtained through the Great Lakes Environmental Database
(USEPA 2013).
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The stations sampled in 2013 are shown in Table 3-7 and on Figure 3-1. The
samples were analyzed for TP, total DP, pH, PAR, conductivity, chloride, extract-
ed chlorophyll, turbidity, water temperature, extracted chlorophyll, SiO,.

3.4 Model Overview

The fine-scale, linked hydrodynamic — sediment transport — water quality model
framework developed for the WLEB, termed the Western Lake Erie Ecosystem
Model (WLEEM) utilizes the following model components:

m  Simulating Waves Nearshore (SWAN) for the wind-wave sub-model;

m  Environmental Fluid Dynamics Code (EFDC) for the hydrodynamic sub-
model;

m  Sandia National Laboratory (SNL) algorithms for the sediment transport sub-
model; and

m Advanced Aquatic Ecosystem Model (A2EM).

Figure 3-5 illustrates how the wind/wave model, hydrodynamic model, sediment
transport, and water quality model all interact together.

4
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Direction
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Figure 3-5 Model Framework
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EFDC is a state-of-the-art finite difference model that can be used to simulate hy-
drodynamic and sediment transport behavior in one, two, or three dimensions in
riverine, lacustrine, and estuarine environments (TetraTech 2007a, 2007b). EFDC
was developed by John Hamrick at the Virginia Institute of Marine Science in the
1980s and 1990s, and the model is currently maintained under support from the
United States Environmental Protection Agency (EPA). The model has been ap-
plied to hundreds of water bodies, including Chesapeake Bay and the Housatonic
River. Recently, LimnoTech has successfully applied EFDC to a number of sites
in the Great Lakes, including Saginaw Bay, Saginaw River, and the Tittabawassee
River. The EFDC model is both public domain and open source, meaning that the
model can be used free of charge, and the original source code can be modified to
tailor the model to the specific needs of a particular application. As a result,
EFDC provides a powerful and highly flexible framework for simulating hydro-
dynamic behavior and sediment transport dynamics for the WLEB.

The SWAN model is a numerical wave model for predicting wave conditions in
coastal areas, lakes, and estuaries based on site-specific wind, depth, friction, and
water velocity conditions (Young 1999; Booij et al. 1999). The SWAN model is
based on the wave action balance equation and is capable of simulating various
wave propagation (movement) processes, as well as wave generation processes
(e.g., by wind) and dissipation processes, such as dissipation by bottom friction.
SWAN provides the flexibility to simulate either steady-state or dynamic wave
conditions. As part of the model development effort on this project, the SWAN
model was linked to the EFDC hydrodynamic and sediment transport sub-models.
The SWAN-EFDC linkage involved two steps: 1) water level/depth and current
velocity results generated by the hydrodynamic sub-model were processed and
input as forcing functions to the SWAN wind-wave simulations; and 2) SWAN
results for wave characteristics (e.g., height, frequency) were fed as input forcing
functions to the EFDC sediment transport sub-model to inform calculations of
bottom shear stress.

The SNL model is a modified version of the original code developed and main-
tained by Sandia National Laboratory (James et al. 2005; Thanh et al. 2008). This
version of the model incorporates a custom sediment transport sub-model based
on the SEDZLJ model algorithms developed by Craig Jones and Wilbert Lick at
the University of California — Santa Barbara (Jones and Lick 2001). The
SNL/SEDZLJ models are typically used along with site-specific data obtained
using SED flume, a custom-designed flume device that can be used to measure
erosion rates and sediment properties for an intact sediment core. The integration
of the SNL code into LimnoTech’s in-house version of the Row-Column AESOP
(RCA) model code and associated testing work was accomplished previously un-
der a separate LimnoTech modeling project (LimnoTech 2010).

The A2EM is used as the computational framework to simulate water quality.
The basic framework includes a suite of state variables to represent carbon, nitro-
gen, phosphorus, and algal dynamics. In addition to simulation of water column
processes affecting water quality, the model includes a coupled sediment diagene-
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sis sub-model that simulates the cycling of detrital material and nutrients in the
surface sediments and subsequent impacts on near-bed sediment oxygen demand
and release of dissolved nutrients, including dissolved inorganic phosphorus. De-
tailed documentation of the RCA water quality modeling framework, including
the sediment diagenesis sub-model, is provided in the HydroQual, Inc. (HQI) Up-
per Mississippi River final project report (HydroQual 2002) and a user’s manual
developed by HQI for the publicly available version 3.0 (HydroQual 2004).

The linked modeling framework comprised of EFDC, SWAN, SNL-EFDC, and
RCA, collectively referred to as the WLEEM, provides a powerful and flexible
tool for evaluating hydrodynamic, wind-wave, sediment transport, and nutrient
and phytoplankton processes at a variety of temporal and spatial scales. The sec-
tions below describe each model in more detail.

3.4.1 EFDC Model Configuration

A model grid was developed that represents the WLEB. Model boundaries were
located at the interface between the western and central basins of Lake Erie. The
model grid was developed to accurately represent key bathymetric features in the
system while minimizing the time required to conduct model simulations. Along
nearly the entire length of the Toledo Harbor navigation channel, two grid cells
span the channel in the lateral direction. The model grid is more detailed in
Maumee Bay than in the rest of the WLEB and closely aligned with the federal
navigation channel. In general, grid cells have been sized to meet the competing
demands of computational burden and the spatial resolution required to address
key management questions. The model grid is shown in Figure 3-6.

Water depths shown in Figure 3-7 are relative to the Lake Erie LWD (173.5 me-
ters IGDL85) and vary from less than 1 meter in Maumee Bay to greater than 10
meters in the northeast quadrant of the WLEB. Much of Maumee Bay is very
shallow, with water depths in the inner bay typically less than 2 meters relative to
the LWD. The bathymetry of the navigation channel is represented consistently
with the design maintenance depth of approximately 29 feet (8.86 meters) LWD.
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EFDC Boundary Conditions

Model boundary conditions provide a basis, or starting point, for calculations in-
ternal to the model. Four types of hydrodynamic forcings were applied as bounda-
ry conditions to the hydrodynamic model, including:

m A water level boundary condition in Lake Erie;

m Inflow boundary conditions for the Maumee River, the Detroit River, and oth-
er minor tributaries including flow rate and water temperature;

m Atmospheric forcings (e.g., wind and air temperature); and

m A water level boundary was applied at the interface of the central and western
basins of Lake Erie. Data from NOAA station number 9063079 (Marblehead,
Ohio) was used to describe hourly variations in water level at this location.
This “boundary forcing” controls the depth of water and circulation patterns in
the WLEB and also influences the strength of flow reversals in the lower
Maumee River as changes in water levels drive the seiche activity experienced
in the drowned river mouth and dredged channel of Toledo Harbor.

Tributary inflows to the system were represented in the model using available da-
ta (Section 3.3.2). Flow gauging datasets available from the United States Geolog-
ical Survey (USGS) were used to develop daily flow time series for each tribu-
tary. In many cases, the USGS gauge dataset did not represent the entire drainage
area of a given tributary; therefore, drainage area ratios were used to scale the dai-
ly measured flow time series to represent the entire watershed.

The model utilizes a spatially variable “wind forcing” that is consistent with the
established whole lake model. Wind forcings were extracted from the Great
Lakes Observing System (GLOS) point query website (GLOS 2013). This web-
site allows a user to extract model inputs or model outputs at a specified location
from the NOAA supported Great Lakes Coastal Forecasting System (GLCFS).
Wind time series were extracted for 10 locations within the WLEEB model do-
main. A Thiessen polygon analysis was then performed on the model grid and the
wind forcing locations so that each grid cell in the WLEEB model grid was at-
tributed with weighting factors for the nearest of these 10 wind forcings. Addi-
tional information on the wind forcings and the GLCFS model can be found at the
NOAA'’s website (NOAA 2013b).

3.4.2 SWAN Configuration

SWAN provides a variety of settings that can be used to control the complexity of
the algorithms used to compute wave conditions. Specific settings used for the
WLEEM application of SWAN included:

m Time-varying and spatially varying forcing functions for wind, current veloci-
ty, and water level,;

m  Third-generation mode for wind input, quadruplets, and white-capping;
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m Activation of triad wave-wave interactions;

m Representation of bottom friction based on the semi-empirical JONSWAP
model (Hasselmann et al. 1980) with a default constant friction factor; and

m Use of the Backward Time Backward Space scheme (to ensure convergence
of the model solution).

More detailed descriptions of these settings and alternative settings can be found
in the SWAN user manual (Delft University of Technology 2004).

A variety of boundary conditions and other inputs are required for running SWAN
model simulations to predict wave conditions, including:

m  Wind velocity magnitude and direction;
m Current velocity; and

m  Water level.

Because the model was applied in its “non-stationary” (i.e., dynamic) mode and
over a complex computational grid, wind velocity, current velocity, and water
level were all input as individual time series for each horizontal grid location.
Wind velocity components were input on an hourly interval based on the spatial-
ly-varying wind time series specified in the EFDC model (i.e., using 10 distinct
spatial zones). Water current velocity and water level results generated by the
EFDC hydrodynamic model were processed and provided as input time series to
SWAN using a 4-hour average interval. In general, water level and current condi-
tions change less rapidly than wind conditions observed in the system, so a 4-hour
interval was sufficient to represent the hydrodynamic forcing functions.

3.4.3 SNL Model Configuration

The SNL sediment transport sub-model can be used to simulate sediment
transport in one, two, or three dimensions. SNL provides a flexible set of options
for simulating erosion, deposition, and bed armoring and handling for cohesive
and non-cohesive sediment types (James et al. 2005; Thanh et al. 2008). Multiple
cohesive and non-cohesive sediment size classes may be represented in a single
model simulation. This section provides a summary of the transport processes,
selection of sediment particle size classes, and bottom shear stress calculations for
the WLEEM sediment transport model.

Sediment Transport Process Representation
The transport processes represented in the EFDC model for cohesive and non-
cohesive sediments are illustrated in Figure 3-8 and include the following:

m Loading of sediments from upstream and watershed sources;

m Horizontal transport between adjacent model cells (based on velocity and flow
magnitude and direction predicted by the hydrodynamic sub-model);
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m Settling and deposition to the sediment bed from the water column;

3 Data Collection Activities

m Erosion and resuspension of sediments from the bed to the water column;

m Transport of non-cohesive sediments as bedload or suspended load based on
applied bottom shear stress and particle characteristics;

m  Representation of the sediment bed as discrete layers (to permit tracking of
changes in particle size distribution by depth); and

m Armoring of the sediment bed in nearshore areas and areas of hard substrate,
including the use of an “active layer.”

Sediment Load

Suspended
Sediment Classes: Transport
*Cohesive = 4 classes
*Non-cohesive = 3 classes
Ghj g (f. sand, m. sand, cobble)
© 3
=8
Deposition Resuspension
Shear Stress Bedload
(wave-current induced) Transport

Sediment
Bed

*Armoring
*Bed handling

Figure 3-8 Sediment Transport Process Representation

Boundary Conditions

Sediment transport boundary conditions describe the quantity and particle size
distribution of suspended sediments entering the model domain from various
sources. This section describes the sediment boundary conditions developed for
the Maumee River and other tributary sources and point sources to Maumee
Bay/WLEB that are represented in the WLEEM model.

Suspended Sediment Concentrations

An extensive suspended solids dataset is available for the Maumee River at
Waterville, Ohio, based on long-term research conducted by Heidelberg Universi-
ty’s National Center for Water Quality Research (NCWQR).
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Several other tributary inflows are represented in the WLEEM model in addition
to the Maumee River, including the Detroit River, Swan Creek, Ottawa River,
River Raisin, Huron River, Stony Creek, and Portage River/Cedar River. In addi-
tion, inflows are represented for the Toledo Bay View Wastewater Treatment
Plant (WWTP) and Maumee River direct drainage contributions between Water-
ville, Ohio, and the mouth (see Table 3-8). Suspended sediment boundary condi-
tions were developed for each of these flow sources. The boundary condition for
the Detroit River was set at a constant value of 10 milligrams per liter (mg/L)
based on a review of available data for this Great Lakes connecting channel. The
Bay View WWTP was also assigned a constant concentration of 10 mg/L based
on available data from the plant’s discharge monitoring reports (DMRs).

Table 3-8 Suspended Sediment Boundary Conditions for Maumee

Bay/WLEB Flow Sources
Flow Source Description Flow-Based Regression®

Detroit River Crss =10

Swan Creek Crss = 0.085*Q + 30.52
Ottawa River Crss = 0.13*Q + 24.81
River Raisin Crss = 0.0415*Q + 10.60
Portage River + Cedar River Crss = 0.0406*Q + 20.42
Toledo Bay View WWTP Crss =10

Note:

*Crss are in units of milligrams per liter and Q are in units of cubic feet per second.

Key:
Crss = Suspended solids concentrations
Q = flows
WWTP = wastewater treatment plant

Sufficient suspended sediment data were also available to develop a tributary-
specific relationship between sediment concentration and flow rate for Swan
Creek, Ottawa River, River Raisin, and Portage River. These regressions were
applied to estimate suspended solids concentrations for the entire duration of
model simulations.

The open boundary condition at the interface between the WLEB and the central
Lake Erie basin is characterized with a constant concentration of 10 mg/L based
on available monitoring data from the International Field Year in Lake Erie
(IFYLE) datasets (Hawley et al. 2006).

Open-Lake Placement Load

When dredged material is disposed of at the placement location, a small fraction
of the solids remain suspended in the water column. Previous studies estimate
this fraction to be between 1 and 5% of the total mass of material that is placed.
A review of the monitoring data collected during placement events showed that
approximately 2.5% of the material remains suspended in the water column im-
mediately after the event. This is the amount of material that is loaded into the
model to simulate the deposition and transport of this material. The small sus-
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pended fraction was represented in the model as a point source of suspended sol-
ids material released to the near-bed water column layer at the placement site.

Three characteristics of the suspended solids were represented in the model: the
total mass placed within a dredging season, the frequency of placement events
within a dredging season, and the size distribution and associated settling rates of
the dredged solids. The total mass placed within a dredging season was character-
ized using daily scow logs from the USACE (USACE 2013). Placement events
were assumed to occur every 3 hours from July 5, 2013, to October 28, 2013. The
number of placement events per day is based on the daily log. Figure 3-9 shows
the daily amount of material placed at the site. Daily logs of placement activities
from the USACE estimated that 1,019,941 cubic yards of dredged material was
placed in 2013 in 675 release events. Bulk density estimates of dredged material
from this study average 0.6 grams per cubic centimeter (g/cm’). This would con-
vert the dredged volume to a mass of 476,880,372 kilograms (kg). Estimates
from event monitoring data collected by this project and literature show that ap-
proximately 2.5% of the material is released into the water column. The remain-
ing 97.5% reaches the bottom within minutes after the barge doors are opened.
This leaves 11,697,009 kg of material.
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Figure 3-9 Daily Placement Volume Based on USACE Records

3.4.4 Advanced Aquatic Ecosystem Model

The A2EM is a state-of-the-science environmental simulation model. The model
framework was customized by LimnoTech from a publicly available version of
the RCA model developed by HydroQual, Inc. (HydroQual 2004). The RCA
model framework developed by HydroQual is capable of simulating water quality
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dynamics on a fine-scale, multi-dimensional computational grid based on linkage
to an external hydrodynamic model application. The basic RCA framework in-
cludes a suite of state variables to represent carbon, nitrogen, phosphorus, oxygen,
and phytoplankton dynamics. The framework includes a coupled sediment dia-
genesis sub-model that simulates the cycling of detrital material and nutrients in
the surface sediments and subsequent impacts on near-bed sediment oxygen de-
mand and release of dissolved nutrients, including dissolved inorganic phospho-
rus. Detailed documentation of RCA is provided in the user’s manual developed
for the publicly available version 3.0 (HydroQual 2004). The LimnoTech en-
hancements to this model include a custom linkage from the hydrodynamic model
(EFDC) and the sediment transport model. This allows output from one model to
be included as inputs to the next model in the simulation chain. LimnoTech has
also added the capability to dynamically simulate zooplankton, benthic algae,
dreissenid mussels, and further process refinement of inorganic and organic par-
ticulate phosphorus.

Boundary Conditions

The A2EM model uses the same boundary locations as the hydrodynamic model,
which includes the open boundary with the central basin of Lake Erie and tribu-
tary inflows from the Detroit, Maumee, and other minor tributaries. Daily esti-
mated concentrations of nutrients, dissolved oxygen, and phytoplankton, are ap-
plied at every boundary location. The boundary conditions are described in more
detail below.

Maumee River. Nutrient concentrations for the Maumee River were derived
from measurements made by Heidelberg University at their monitoring station
located in Waterville, Ohio. This station is approximately 20 miles upstream of
the mouth of the Maumee River. Concentrations at this station are assumed to be
representative of what enters Lake Erie on a daily basis. The frequency of sedi-
ment and nutrient sampling at this station is one or more samples per day. As a
result, monitoring data was used directly to drive the model

Detroit River. A regular monitoring program does exist for the lower Detroit
River; however data from the Michigan Department of Environmental Quality
have a five-year lag until they are released. The latest published report of obser-
vations released in February 2013 summarizes monitoring data through 2008
(MDEQ 2013). These observations were used to parameterize the concentrations
of TP, TSS, and DRP that enter Lake Erie.

Lake Erie. Monitoring data from EPA- GLNPQO’s open-lake limnology program
were utilized to set the open boundary concentration of nutrients. Monitoring da-
ta were downloaded from the Great Lakes Environmental Database (GLENDA;
USEPA 2013).

Other Tributaries. Concentrations of nutrients in other minor tributaries were
based on of a limited review of existing data and engineering judgment based on
of the nature of the watershed land uses.
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Results

This section provides a summary of the results of the data collection effort de-
scribed in Section 3. It also presents a description of the WLEEM evaluation and
corroboration for use to support addressing the questions addressed in this study.
The field work included long-term continuous monitoring, short-term continuous
monitoring, water column sampling, and sediment sampling. Four field events
were conducted in May/June, July, August, and October 2013. The first event
took place prior to the start of dredging operations and the last event was conduct-
ed when dredging operations had ceased in the study area.

4.1 Data Collection Results

4.1.1 Long Term Continuous Monitoring

Three long-term buoys were deployed to collect the long-term monitoring data.
They were deployed at the placement area, RA-1, and the mouth of the Maumee
River.

Sonde Data

Multi parameter sondes were deployed at each station and collected temperature,
turbidity, and conductivity data in 10-minute intervals. The data were collected
between May 10, 2013, and October 28, 2013, at the real-time buoy in the place-
ment area; between June 24, 2013, and September 13, 2013, at RA-1; and be-
tween May 17, 2013, and October 1, 2013, at the Maumee River station. These
data are plotted below in Figure 4-1.

Several data gaps exist in these long-term datasets. Data are missing from the
Maumee River Station between June 1, 2013, and June 20, 2013, due to battery
failure. Data was also lost due to battery failure at RA-1 from May 29, 2013, to
June 24, 2013, as well as after September 13, 2013. Although there are gaps in
the data, the study plan did not call for long-term sondes to be placed in the study
area until the start of the first sampling event, which occurred in mid-June. The
data that was collected before this date, while not complete, still provides valuable
information regarding lake conditions at select locations during this early time
period before regular monitoring began. The data gap after September 13 repre-
sented a loss of three weeks of sonde data at RA-1. Despite this gap, there was
still a three-month dataset available to directly compare conditions between RA-1
and the placement site. In addition the algal bloom began in late July, meaning
data was available from both stations during many weeks of the algal bloom to
assess differences between the reference area and placement area.
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Figure 4-1 Long-Term Multi-Parameter Sonde Data Collected in the Placement Area,
RA-1 and the Maumee River Mouth

As seen in Figure 4-1, temperature values for the Maumee River station tended to
be slightly higher than those in the lake in the spring and slightly lower than the
lake stations in the fall. This is typical because the watershed stream network
tends to respond faster to air temperature seasonal trends than the lake. The con-
ductivity and turbidity were generally highest in the Maumee River mouth and
tended to decline with distance from the river. This pattern of declining water
column concentrations with distance from the Maumee River was observed with
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most nutrient and algal biomass parameters as well. These results are discussed in
Section 4.1.2.

Measured results at the Maumee River mouth were also more variable than the
data collected at the offshore stations. Spikes in turbidity were observed at the
placement site in mid-August through mid-September. These spikes correspond
with periods of low wind and low waves and high abundance of Microcystis. The
low wind and waves causes the buoyant Microcystis cells to accumulate near the
surface and cause intermittent high turbidity as they block the sensor head.

Spikes near 40 nephelometric turbidity units (NTU) were also observed at the ref-
erence site.

Monthly averages and standard deviations were calculated for each of the parame-
ters measured at the long-term sampling sites. The results are summarized in Ta-

bles 4-1 to 4-3 and shown graphically in Figure 4-2.

Table 4-1  Monthly Statistics at the Maumee River Mouth (Station 28)
May June July August September October
Maumee River Monthly Averages
Temperature (°C) 19.140.9 | 24.4+1.3 | 24.7+1.8 | 23.7+1.8 | 21.1+2.3 | 18.9+0.2
Conductivity (uS/cm) 434434 | 516+61 | 471454 | 439+56 375435 351+16
Turbidity (NTU) 32.6+10.3| 27.2+7.9 |30.8+24.1|13.3+11.4| 21.0+14.1 | 21.4+7.5
Key:
- °C = degrees Celsius

uS/em = microSiemens per centimeter

NTU = nephelometric turbidity unit
Table 4-2 Monthly Statistics at the Placement Area (Station 26

June

July

August

September October

Placement Area Monthly Averages
Temperature (°C) 16.4+1.9 {20.842.1| 24.5+2.0 | 23.4+1.3 | 21.4+2.2 | 16.543.1
Conductivity (uS/cm) 235426 | 244424 | 263423 | 253424 232421 205+21
Turbidity (NTU) 10.548.7 | 7.349.5 | 5.9+44.0 | 9.2+10.9 | 23.1+12.3 | 21.843.8
Key:
°C = degrees Celsius
uS/em = microSiemens per centimeter
NTU = nephelometric turbidity unit

Table 4-3

August

September

October

RA-Monthly Averages
Temperature (C) 16.2+1.5|24.2+0.4 | 24.4+1.8 | 23.0+1.5| 23.3+1.0 No data
Conductivity (uS/cm) |247.3+35|328.1+25(352.5+44319.6+33 | 263.7+10 No data
Turbidity (NTU) 8.9+7.2 | 3.844.5 | 7.2+10.7| 9.6+6.2 | 20.1+6.6 No data
Key:

°C = degrees Celsius

uS/em = microSiemens per centimeter
NTU = nephelometric turbidity unit
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Figure 4-2 Monthly Average and Standard Deviation Multi-Parameter Sonde Data
Collected at Three Long-Term Monitoring Stations
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A statistical significance T-test was performed to determine if significant differ-
ences exist between the placement area and the Maumee River Mouth, and the
placement area and RA-1. The T-test results are provided in Table 4-4. The test
performed was a two-tailed, paired T-test using a significance level of 0.05. Ac-
cording to this test, all datasets compared were deemed statistically different from
one another except for one comparison. Turbidity measurements collected at the
placement area and RA-1 were not deemed statistically different (i.e., T-values
greater than 0.5 as highlighted in yellow on Table 4-4). To confirm these results
the non-parametric Wilcoxen Signed Rank Test was also used to test for differ-
ences in daily averages of temperature, conductivity and turbidity. The Wilcoxen
Signed Rank Test tests for statistically significant differences in data median val-
ues. The results obtained were consistent with the T-test results and showed that
the turbidity at the placement area and RA-1 did not have a statistically significant
difference.

With the exception of September, the temperature was highest at the Maumee
River mouth. Conductivity values were different at each station with the Maumee
River having the highest values and the placement area having the lowest values.
The Maumee River station had significantly higher turbidity during the period of
May through August.

Table 4-4  P-Values for T-tests Comparing the Placement Area vs.
the Maumee River Mouth and RA-1 with a Significance

Level of 0.05
Placement Area
Compared vs. Temperature Conductivity Turbidity
Two-tailed T-Test — P-Values
Maumee River Mouth 0 0 0
RA-1 0 0 0.217

Note: Yellow shaded boxes represent no statistical difference

Key:
RA = reference area

Real-Time Buoy Data

The real-time buoy was deployed at the placement area to collect a suite of water
and atmospheric parameters. Data were collected between May 10, 2013, and
October 28, 2013, at 10-minute intervals. Parameters collected include air tem-
perature, relative humidity, atmospheric pressure, solar radiation, wind speed,
gust speed, wave height, and wave period. These data provide information on hy-
dro-meteorological conditions during the study and forcing function input infor-
mation for the WLEEM.

Due to large and rapid variations in the data over the collection period, the data
were averaged on a daily basis. The daily average air temperature, relative hu-
midity, and atmospheric pressure results are shown in Figure 4-3. The daily aver-
age wind speed, gust speed, wave height, and wave period are shown in Figure
4-4. As shown in Figure 4-4, the wave height is influenced by wind speed.
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Figure 4-3 Daily Average Atmospheric Parameters Collected at the Real-Time Buoy

(Placement Area) Including Air Temperature, Relative Humidity, and
Atmospheric Pressure
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On July 1, 2013, the relationship between all seven of these parameters can be
observed when a large storm event occurred, with 0.9 inches of precipitation rec-
orded at the Toledo airport. Temperature and barometric pressure had been drop-
ping rapidly over several days and the resulting storm caused extremely elevated
wind speeds and wave heights.

Finally, solar radiation flux was also collected at the real time buoy and was aver-
aged on a daily basis over the collection period. The daily average solar radiation
flux is shown in Figure 4-5.

The real-time buoy data were evaluated and average values and standard devia-
tions are summarized in Table 4-5. Spring and fall months (May and October)
exhibit the highest measurement variation for each of the parameters.
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Figure 4-5 Daily Average Solar Radiation Flux Collected at the Real-Time Buoy

(Placement Area)

Table 4-5 Monthly Average Statistics Calculated from Real-Time Buoy Measurements at the
Placement Area
May June July August September October
Parameter Average
Air Temperature (°C) 15.745.0 | 20.0+3.1 | 22.8+3.1 | 22.1+2.3 18.8+3.6 13.845.2
Relative Humidity (%) 67.5+13.0 | 72.6+9.3 | 73.6+10.0 | 69.1+10.2 | 69.4+10.6 | 70.7+11.1
Atmospheric Pressure (mbar) | 995+6.2 | 993+5.5 | 996+4.7 997+4.1 996+4.8 996+5.3
Solar Radiation (watts/m2) 2414271 | 2424303 | 2154281 | 2114276 167+239 113+183
Wind Speed (m/s) 5.1+2.3 4.7+2.0 4.842.2 4.1+1.8 4.8+1.8 5.7+2.4
Gust Speed (m/s) 6.7+3.1 6.1+2.7 6.3+2.9 5.34+2.3 6.41+2.3 7.4+3.1
Wave Height (m) 0.5+0.3 0.5+0.3 0.4+0.3 0.3+0.2 0.4+0.2 0.5+0.2
Wave Period (sec) 2.7+1.0 2.5+0.7 2.610.6 2.340.5 2.610.6 2.6+0.5
Key:
Y °C = degrees Celsius
m = meters
mbar = megabar
m/s = meters per second
sec = seconds
watts/m? = watts per square meter
02:1003025.0013.05-B4018 4-8
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ADCP Data

Velocity measurements were collected using ADCPs installed at the real time
buoy (placement area) and at RA-1. Water velocities in the north and east direc-
tions were collected at nine different depth intervals. The data are summarized in
Figures 4-6 and 4-7 by plotting daily average water velocity for the entire water
column over the sampling period.
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Daily Depth Averaged Water Velocity at the Placement Area
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Several data gaps exist in the RA-1 data that did not occur at the placement area.
RA-1 was moved on June 20, 2013, to its final location and the ADCP was in-
stalled at that time. Due to an ADCP data recording error, data was not recorded
from August 8 through August 21, 2013. The RA-1 ADCP was removed from
service on October 2, 2013. The placement area ADCP was not removed until Oc-
tober 28, 2013. From these plots, it appears that daily average water velocities at
RA-1 are higher and more variable than at the placement area.

4.1.2 Water Quality Sampling Data

Water quality sampling included collecting a series of water column profiles and
surface water depth integrated samples over the course of each sampling day. Da-
ta were collected at six locations during Event 1, nine locations during Event 2
and 3 and five locations during Event 4. Water column profiles were recorded
using water quality sondes while composite water column samples were collected
and submitted for laboratory analysis. Data and samples were collected for one
day during Events 1 and 4 and three days during Events 2 and 3.

Water Column Vertical Profiles

Water column profiles were collected in one meter intervals at each of the four
stations (placement area [Station 26], RA-1 [Station 25], RA-2 [Station 27] and
Maumee River Mouth [Station 28]) during each of the four events (see Figure
3-2). Parameters collected included temperature, conductivity, pH, turbidity, and
dissolved oxygen. This resulted in four and seven measurements for each param-
eter in each profile.

As the most relevant parameters for this study, the temperature and turbidity data
were selected for plotting and analysis. Figure 4-8 shows the temperature profile
data collected during Events 1 and 2, while Figure 4-9 shows the Event 3 and 4
temperature profiles. Similarly, the turbidity profiles collected during each sam-
pling event are shown in Figures 4-10 and 4-11.

Figures 4-8 and 4-9 show a slight thermal stratification during Events 1, 2 and 3
(spring and summer) at all four stations. This could potentially be related to wind
effects. The temperature profile data shows consistently higher temperatures at
the Maumee River mouth station, with the placement area, RA-1 and RA-2 show-
ing very similar temperatures. The Maumee River mouth station also had con-
sistently higher turbidity than the other three stations. During Events 1 and 2 the
turbidity measurements at the placement area and RA-1 and RA-2 were very simi-
lar. During Event 3 the turbidity at RA-1 was slightly higher than at the place-
ment area and RA-2. During Event 4, the turbidity at RA-2 remained very low,
with very similar measurements at the placement area and RA-1 at 20 to 30 neph-
elometric turbidity units. The placement area and RA-1 and RA-2 had fairly con-
sistent turbidity profiles with depth. The Maumee River mouth station had higher
turbidity at depth during Events 1, 2 and 3, which could potentially be attributed
to ship passage.
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Water Column Integrated Samples

Water column grab samples were collected at six locations during Event 1, nine
locations during Event 2 and 3 and five locations during Event 4. During Events
1 and 4, only one round of samples were collected where in Events 2 and 3, three
rounds of samples were collected. Collected samples were sent to the Heidelberg
University National Center for Water Quality Research laboratory for analysis.
The analytical parametersincluded NOs, NO,, ammonia, TKN, SRP, TP, total
soluble phosphorus, TSS, and VSS. Samples were aso sent to the University of
Toledo laboratory for analysis of chlorophyll-a, phytoplankton biovolume, phyto-
plankton speciation and microcystin. The integrated water column results are
summarized in Table 4-6 and in Appendix D-1.

The data are shown graphically for the four main stations. the placement area,
RA-1, RA-2, and the Maumee River mouth. Parameters were grouped as nitro-
gen, phosphorus, or solids data and plotted together for each station.

Nitrogen data plots include NOs, NO,, ammonia, and TKN. These parameters are
shown for each station in Figure 4-12. The phosphorus data plots include SRP,
TP, and total soluble phosphorus (TSP) and are shown in Figure 4-13. Finaly,
the solids plotsinclude TSS and V SS measurements and are shown in Figure
4-14. The dataare summarized in Table D-1 in Appendix D. Thelab reports are
included in Appendix D and the chain of custody documentation isincluded in
Appendix C.

The analyzed biological parameters including chlorophyll-a, microcystin, and
phytoplankton biovolume were plotted for the same four select locations to dis-
play temporal patterns across the 2013 season. The results are shown in Figures
4-15t0 4-17. The highest chlorophyll-a concentration was measured at the
Maumee River mouth in June. At the placement area, RA-1 and RA-2, chloro-
phyll-a concentrations are lowest in June and increase over the summer with the
highest concentrations found in October, with the exception of RA-2 where con-
centrations decreased between August and October. The highest Microcystis
biovolume was measured at RA-1 in August. The Microcystis biovolume at the
placement area increased from June through October. The biovolume at RA-2
was negligible during July and October with an increase in August. Microcystin
concentrations generally increased over the summer from June to August. The
concentration at the Maumee River mouth in August was significantly higher than
any other location.

The collected water quality data were summarized by performing a Sign Test and
Wilcoxen Signed Rank Test. These non-parametric statistical tests were used be-
cause there was not enough data to confirm the data distribution. The tests esti-
mated a median difference for the paired data and test whether the differenceis
significant at asignificance level of 0.05. The results are summarized in Table
4-7. Theyellow highlighted cells represent comparisons that resulted in a statisti-
cally significant difference.
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Table 4-6 Water Column Integrated Sample Results
Station NH3 NO2 NO3 SRP TP TKN TSS TSP  VSS Chir-a Biovolume Microcystin
Date Time No Location

(mg/L) (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ugl) (mI/m*2) Avg (ug/L) |

6/24/13 10:10 RA-1 0.085 0.02 1.43 0.008 0.031 0.531 2.1 0.016 6.2 1.4 0.0 <0.01
6/24/13 10:45 1 PA 0.048 0.01 0.56 0.003 0.025 0.411 2.9 0.004 4.7 3.2 0.0 0.052
6/24/13 11:20 19 PA 0.041 0.01 0.57 0.002 0.023 0.341 3.1 0.004 4.1 2.2 0.0

6/24/13 11:50 26 PA 0.048 0.01 0.57 0.002 0.024 | 0.359 2.5 0.004 3.8 2.0 7.6

6/24/13 12:45 27 RA-2 0.041 0.01 0.53 0.003 0.022 0.370 2.3 0.003 34 8.5 0.0

6/24/13 15:30 28 MR 0.198 0.09 4.04 0.028 0.083 1.072 18.1 0.033 4.3 82.8 2.5 0.060
7/22/13 14:00 26 PA 0.041 0.03 0.78 0.002 0.035 0.564 6.5 0.011 3.5 11.0 55.9 0.282
7/22/13 17:00 25 RA-1 0.065 0.03 1.93 0.012 0.053 0.917 6.7 0.020 4.1 21.6 10.2 0.820
7/22/13 18:00 27 RA-2 0.023 0.00 0.26 0.002 0.015 0.418 1.6 0.007 0.8 4.1 10.2 0.019
7/22/13 19:00 28 MR 0.166 0.06 4.53 0.103 0.181 1.380 17.7 0.119 4.3 20.1 --- 0.241
7/23/13 10:45 25 RA-1 0.095 0.05 2.88 0.017 | 0.091 0.889 6.4 0.028 3.1 17.7 40.8 0.996
7/23/13 11:45 26 PA 0.041 0.02 0.95 0.003 0.032 0.517 4.6 0.014 1.5 54 25.5 0.400
7/23/13 15:25 27 RA-2 0.060 0.01 0.57 0.003 0.015 0.279 0.9 0.008 1.1 2.1 0.0 0.088
7/23/13 17:00 28 MR 0.285 0.05 3.67 0.106 | 0.175 1.371 17.1 0.120 3.6 9.6 --- 0.221
7/30/13 12:30 26 PA 0.047 0.01 0.35 0.006 | 0.026 | 0.356 4.3 0.010 2.3 16.6 127.4 0.344
7/30/13 13:20 25 RA-1 0.035 0.02 0.97 0.006 | 0.040 | 0.574 4.0 0.009 3.6 12.6 203.8 4.642
7/30/13 14:10 27 RA-2 0.025 0.02 0.26 0.002 0.011 0.256 6.9 0.004 1.6 2.8 0.0 0.069
7/30/13 17:30 28 MR 0.128 0.05 3.00 0.071 0.132 1.119 19.4 0.081 5.1 19.0 --- 7.264
8/19/13 10:15 27 RA-2 0.023 0.01 0.49 0.001 0.028 0.604 7.6 0.005 5.1 53.3 1044.6 10.750
8/19/13 11:15 26 PA 0.015 0.01 0.59 0.002 0.028 0.513 6.2 0.004 33 23.6 560.5 0.984
8/19/13 15:15 25 RA-1 0.026 0.01 1.00 0.001 0.045 0.927 11.9 0.013 6.6 55.2 828.0 3.959
8/19/13 15:50 28 MR 0.125 2.00 1.02 0.044 | 0.138 1.354 19.6 0.057 6.6 69.4 --- 1.103
8/20/13 9:25 27 RA-2 0.022 0.01 0.50 0.003 0.024 | 0.597 7.3 0.009 4.0 17.6 789.8 2.137
8/20/13 10:00 26 PA 0.019 0.01 0.60 0.006 | 0.032 0.502 9.2 0.008 3.9 19.9 560.5 1.730
8/20/13 12:36 25 RA-1 0.039 0.01 0.86 0.004 | 0.081 1.162 18.5 0.012 10.4 51.6 1834.4 >10
8/20/13 13:14 28 MR 0.051 0.02 0.76 0.026 | 0.168 1.424 21.6 0.035 9.5 94.7 --- >10
8/21/13 10:30 25 RA-1 0.055 0.01 0.99 0.002 0.061 0.970 13.8 0.011 7.3 28.4 1057.3 >10
8/21/13 13:10 26 PA 0.027 0.01 0.70 0.003 0.039 | 0.596 8.0 0.013 4.6 17.4 598.7 1.737
8/21/13 13:30 27 RA-2 0.024 0.01 0.46 0.002 0.032 0.566 6.4 0.010 4.4 16.7 828.0 2.465
8/21/13 15:10 28 MR 0.040 0.02 0.83 0.011 0.119 1.009 25.8 0.024 8.4 58.2 --- 140.934
10/1/13 9:40 27 RA-2 0.065 0.02 0.29 0.003 0.021 0.231 1.9 0.006 1.3 2.9 5.1

10/1/13 10:25 26 PA 0.014 0.00 0.00 0.002 0.071 0.384 21.7 0.007 9.7 54.0 820.4

10/1/13 11:00 29 PA 0.020 0.00 0.00 0.001 0.083 0.456 27.6 0.007 11.4 59.3 695.5

10/1/13 11:35 25 RA-1 0.023 0.00 0.00 0.001 0.066 | 0.649 19.2 0.010 40.7 48.8 517.2

10/1/13 12:20 28 MR 0.029 0.00 0.26 0.009 | 0.160 | 0.881 44.0 0.018 13.1 69.5 ---

= reported concentration is less than or equal to the MDL
= reported concentration is less or equal to than the MQL
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Figure 4-12 Nitrogen Parameter Concentrations (mg/L) Collected at Four Stations
throughout the Four Sampling Events in 2013 (RA-1, RA-2, Placement
Area, and Maumee River Mouth)
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Figure 4-14 Solids Parameter Concentrations (mg/L) Collected at Four Stations
throughout the Four Sampling Events in 2013 (RA-1, RA-2, Placement
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Figure 4-15 Chlorophyll-a Concentrations (ug/L) Collected during Four
Sampling Events in 2013 at the Four Main Sampling
Locations (RA-1, RA-2, Placement Area, and Maumee River
Mouth)
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Figure 4-17 Microcystin Concentrations (ug/L) Collected during Four
Sampling Events in 2013 at the Four Main Sampling
Locations (RA-1, RA-2, Placement Area, and Maumee River
Mouth)
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Table 4-7

Comparisons of Water Quality Parameters at the Placement Area against the Maumee River Mouth, RA-1
and RA-2

Placement Area vs.

P-value for Wilcoxen Signed Rank Test
Maumee River Mouth 0.014 0.022 0.014 0.014 0.014 0.014 0.014 0.014 0.014 0.014
RA-1 0.042 0.181 0.022 0.014 0.726 0.021 0.042 0.294 0.014 0.107
RA-2 0.889 1 0.107 0.183 0.441 0.021 0.141 0.141 0.183 0.363
P-value for Sign Test
Maumee River Mouth 0.0078 | 0.0156 | 0.0078 | 0.0078 | 0.0078 | 0.0078 | 0.0078 | 0.0078 | 0.0078 | 0.0078
RA-1 0.0703 0.25 0.0156 | 0.0078 | 0.7266 | 0.0703 | 0.2891 | 0.7266 | 0.0078 | 0.7266
RA-2 1 1 0.0703 | 0.7266 1 0.0703 | 0.2891 | 0.2891 | 0.2891 | 0.2891
Note: Yellow shaded boxes represent a statistically significant difference from the Placement Area.
Key:
NH; _ ammonia nitrogen
NO, - nitrite
NO; _ nitrate
SRP = soluble reactive phosphorus
TKN = total Kjeldahl nitrogen
TP = total phosphorus
TSS = total suspended solids
TSP = total soluble phosphorus
VSS = volatile suspended solids
CHLa = Chlorophyll-a
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All parameters collected at the Maumee River mouth were statistically different
from the placement area. The concentrations for all parameters with the excep-
tion of VSS were highest at the Maumee River mouth. RA-1 had several parame-
ters including NHs, NO;, TKN, TP, TSP and VSS that were statistically different
from the placement area. As shown in Figures 4-12 to 4-14, the majority of
measurements for these parameters were higher than the placement area at RA-1.
The VSS concentration was much greater at RA-1 during the last event which
could be the result of wind driver resuspension. At RA-2, all of the parameters
except TP were not statistically different from the placement area. In six out of
eight measurements, TP was higher at the placement area as compared to RA-2.

4.1.3 Plume Event Sampling Data (Events 2 and 3)

Plume event monitoring occurred during the second and third sampling events
when dredge material placement just occurred. Four multi-parameter water quali-
ty sondes were moored in proximity to the active placement site. Parameters
monitored with the sondes included temperature, conductivity, and turbidity. The
buoys were positioned at least 1,000 feet away from the known area of active
placement and were placed in the cardinal directions around the operation (north,
south, east, and west). They remained in service over the course of each sampling
event. Additionally, plume tracking was performed to characterize the size,
shape, and distribution of the dredge spoils plume. Tracking was performed by
trolling the water quality sonde through and around the perimeter of the dredge
spoils plume, immediately following release from the barge. Measured parame-
ters include temperature, turbidity, conductivity, pH, and dissolved oxygen.

4131 Event2

Event 2 was performed between July 22 and July 30, 2013. Short-term buoys
were deployed at the start of the event and values were recorded through the
event’s entirety. Plume tracking and monitoring was performed on July 22, 23,
and 30, 2013, by towing the water quality sonde around the plume from one spe-
cific barge release, and recording data. Daily weather parameters collected at the
real time buoy during Event 2 are summarized in Table 4-8.

Short-Term Continuous Monitoring

The short-term buoys were deployed between July 22 and July 30, 2013, during
Event 2. Measurements were recorded every five minutes during the sampling
period. The short-term buoys placed during Event 2 were located at the listed co-
ordinates in Table 4-9. The collected five-minute measurements are plotted in
Figures 4-18 to 4-20.
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Table 4-8 Average Daily Weather Parameters Collected at the Real-Time Buoy during
Monitoring Event 2

Wind Gust Air Relative Solar Wave Wave
Speed Speed Temp Humidity Radiation Daylight Height Period
Date (m/s) (m/s) (°C) (%) Hours (W/m? (m) (sec)
7/22/2013 4 6 24 67 209 0.5 3.0
7/23/2013 5 7 24 75 387 0.4 2.4
7/24/2013 7 10 19 61 535 0.7 3.2
7/25/2013 4 6 20 59 539 0.4 2.7
7/26/2013 3 5 22 57 446 0.3 2.1
7/27/2013 7 9 21 75 185 0.6 2.8
7/28/2013 8 10 17 66 302 0.6 2.9
7/29/2013 6 8 18 66 323 0.5 2.6
7/30/2013 3 4 20 63 511 0.2 1.8
Key:
°C = Celsius
m/s = meters per second
m = meters
sec = second
W/m® = watts per square meter
Table 4-9 Event 2 And 3 Short-Term Buoy Placement Coordinates
Buoy Location Latitude Longitude
North 41.81705 83.28211
South 41.81001 83.28211
East 41.81312 83.27759
West 41.81291 83.28689
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Figure 4-18 Short-Term Monitoring Turbidity Data Collected from Four Buoys at the
Placement Area during Event 2
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Figure 4-19 Short-Term Monitoring Specific Conductivity Data Collected from Four
Buoys at the Placement Area during Event 2
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Figure 4-20 Short-Term Monitoring Temperature Data Collected from Four Buoys at the
Placement Area during Event 2

Event 2 - Day 1. The first day of Event 2 sampling occurred on July 22, 2013. A
trial plume tracking event was performed after a barge placement that occurred at
11:20 a.m. The boat conducted transects through the plume as it traveled with the
current. The water quality sonde was held at the surface of the water over the
edge of the boat to record measurements. Data was collected over a one-hour
time period in one-minute intervals. Basic statistics summarizing the recorded
surface water parameters are displayed in Table 4-10.
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4 Results

Surface Water Quality Statistics Summarizing Data Collected while
Trolling a Water Quality Sonde through the Barge Placement Plume on
July 22, 2013

Turbidity DO
Average 26.0 285.9 291.6 8.3 16.2 7.9
STDEV 0.0 1.5 1.4 0.1 36.1 0.3
Max 26.12 288 294 8.42 223.3 8.25
Min 25.96 279 284 8.04 -1.1 6.88
Key:
DO = Dissolved Oxygen
C = Celsius
mg/L = milligrams per liter
NTU = nephelometric turbidity unit
SpCond = Specific Conductivity
STDEV = standard deviation
uS/em = microSiemens per centimeter
Event 2 - Day 2. On July 23, 2013, the plume was tracked again by trolling a
multi-parameter sonde behind the boat. As the plume moved with the current,
water quality monitoring was performed in transects across the observed plume
center. Plume tracking began at 1:00 p.m. and data was collected over a 1.5-hour
time period in one-minute intervals. Occasionally, the boat was stopped, so the
crew could perform a water column profile to measure changes in turbidity with
depth in the plume. The individual turbidity profiles that were collected through-
out the course of this tracking event are plotted in Figure 4-21. Turbidity was
highest near the time of the sediment placement and decreased rapidly due to set-
tling. Turbidity was also highest at the bottom of the water column initially, but
the water column became mixed and most of the suspended sediment had dissi-
pated or settled within a half hour.
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Figure 4-21 Water Column Profiles Collected while Tracking the Barge Placement
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Basic statistics summarizing the water quality parameters collected at the water
surface are summarized in Table 4-11.

Table 4-11 Surface Water Quality Statistics Summarizing Data Collected while
Trolling a Water Quality Sonde through the Barge Placement Plume on
July 23, 2013
Temperature  SpCond | Conductivity Turbidity DO
(NTU) (mg/L)
Average 26.2 327.0 334.4 NA 5.8 7.8
STDEV 0.1 2.0 2.2 NA 5.4 0.2
Max 26.51 331 340 8.42 25.5 8.1
Min 25.85 320 327 8.27 -0.9 7.2
Key:
DO = Dissolved Oxygen
°C = Celsius
mg/L = milligrams per liter
NTU = nephelometric turbidity unit
uS/em = microSiemens per centimeter
Event 2 - Day 3. The third plume tracking event occurred on July 30, 2013. The
plume was tracked similar to day two, using a multi-parameter sonde while occa-
sionally stopping to perform depth profiles of the plume. Plume tracking began at
9:53 a.m. and data was collected over a nearly two-hour time period in 10-second
intervals. Similarly to day two, turbidity was highest close to the time of the sed-
iment placement and decreased rapidly with time due to settling. The individual
turbidity profiles that were collected throughout the course of this tracking event
are plotted in Figure 4-22.
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Figure 4-22 Water Column Profiles Collected while Tracking the Barge Placement
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Basic statistics summarizing the water quality parameters collected at the water
surface are summarized in Table 4-12.

Table 4-12 Surface Water Quality Statistics Summarizing Data Collected while
Trolling a Water Quality Sonde through the Barge Placement Plume on

July 30, 2013
Temperature Conductivity Turbidity DO
(°C) (uS/cm) (NTU) (mglL)
Average 22.8 260.9 249.7 8.6 7.8 9.8
STDEV 0.3 2.0 1.5 0.0 11.0 0.2
Max 24.2 268.0 255.0 8.7 58.3 10.1
Min 22.4 256.0 244.0 8.3 -2.7 8.7
Key:
DO = Dissolved Oxygen
°C = degrees Celsius
mg/L = milligrams per liter
NTU = nephelometric turbidity unit
uS/em = microSiemens per centimeter

41.3.2 Event3

Event 3 was performed between August 19 and August 21, 2013. Short-term
buoys were deployed at the start of the event and recorded values through the
event’s entirety. Plume tracking and monitoring were also performed from Au-
gust 19 to 21. Three different methods utilizing water quality sondes were used to
characterize the plume, including trolling multiple water quality sondes at various
depths, sitting stationary and tracking plume dispersion, and tracking the outer
edge of the plume. Daily weather parameters collected at the real-time buoy dur-
ing Event 3 are summarized in Table 4-13.

Table 4-13 Average Daily Weather Parameters Collected at the Real-Time Buoy during
Monitoring Event 3
i Wave Wave

Height Period

hours (W/m#2) (m) (sec)
8/19/2013 2 3 23 64 474 0.1 1.9
8/20/2013 3 4 24 71 469 0.2 1.8
8/21/2013 4 5 24 72 347 0.3 2.0
Key:

°C = degrees Celsius
uS/em = microSiemens per centimeter

m = meters

m/s = meters per second
sec=  seconds
02:1003025.0013.05-B4018 4-27

R_WLEB-Final Report 0814.docx-08/18/14



&
@ ecology and environment, inc.

4 Results

Short-Term Continuous Monitoring

The short-term buoys were deployed between August 19 and 21, 2013, during
Event 3 to record temperature, turbidity, and specific conductivity. Values were
recorded every 20 minutes during the sampling period. The short-term buoys
were placed at the same locations used for Event 2. The coordinates are shown in
Table 3-2. The 20-minute results are plotted in Figures 4-23 to 4-25. Results
from all four buoys mimicked each other fairly well except for a few spikes at the
north and east stations that did not show up on the others. Turbidity, conductivi-
ty, and temperature showed less variability during Event 3 than during Event 2
(presented in Section 4.1.3.1). Event 3 had more stable water temperatures,
which resulted in more stable conductivity as the two are related. In addition the
short-term sondes were only deployed for three days during Event 3 and eight
days for Event 2.

35

30

25 »2
'é‘ .
£ 20 * ¥ : $
= *
= L ] * & - L] ..‘
= 15 l_"_ﬁ'.‘_h . *
E C o P Aot i i N
: S R

10 0 W ool

[ ]
g *
0
13 13 L 13
%rﬁ | E|1'i}| Elﬂ“l Ia|'1,1|
m WEST * EAST SOUTH + MORTH

Figure 4-23 Short-Term Monitoring Turbidity Data Collected from Four Buoys at the

Placement Area during Event 3
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Figure 4-24 Short-Term Monitoring Conductivity Data Collected from Four Buoys at the
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Placement Area during Event 3

a1t

Event 3 - Day 1. Day 1 of sampling Event 3 occurred on August 19, 2013. The
dredged material plume was tracked by attaching four water quality sondes to a
tow rope at 5-foot intervals down to a depth of 15 feet. The sondes were set up to
record temperature, turbidity, and specific conductivity. The rope was towed
through and around the plume in an attempt to map its extent and the turbidity
resulting from the placement. Towing began at 12:00 p.m. and continued until
1:30 p.m. when the plume was mostly dispersed. The track log concentration
plots are displayed in Figures 4-26 to 4-29. During this sampling event, a video
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camera was mounted to the boat to record a video track log of the journey. Addi-
tionally, high definition photos were taken to capture visuals of the plume edge

(see Appendix C on DVD).

The turbidity values measured by trolling the four sondes were plotted alongside

one another in Figure 4-30 to display how turbidity varied with depth in the

plume. Turbidity values were highest closer to the time of the placement and de-

creased rapidly as time progressed due to settling.
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Figure 4-26 Turbidity Values Collected at 0 Feet of Depth From
Trolling Four Water Quality Sondes around the Plume at
Various Depths on August 19, 2013 during Event 3
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Figure 4-27 Turbidity Values Collected at 5 Feet of Depth from Trolling
Four Water Quality Sondes around the Plume at Various
Depths on August 19, 2013 during Event 3
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Figure 4-28 Turbidity Values Collected at 10 Feet of Depth from
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Figure 4-29 Turbidity Values Collected at 15 Feet of Depth From
Trolling Four Water Quality Sondes around the Plume at
Various Depths on August 19, 2013 during Event 3
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Figure 4-30 Time Series of Turbidity Data Collected from Trolling Four Water Quality
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Event 3 - Day 2. Day 2 of Event 3 was performed on August 20, 2013. An an-
chor point was set up over the plume to monitor the water column. A water quali-
ty sonde was used to take turbidity measurements at one meter intervals over the
course of an hour. With this data, plume dispersion and settling was observed
over time. These turbidity measurements are plotted on Figure 4-31. As with the
trolling datasets, turbidity drops rapidly over time. The lowest turbidity readings
are generally observed closest to the surface.
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Figure 4-31 Turbidity Profiles Collected while Sitting Stationary on Top of the

Placement Site Over Time on August 20, 2013

Event 3 - Day 3. Day 3 of Event 3 was performed on August 21, 2013. This day
was utilized to attempt to track the lateral movement of the plume over time.
Again, a water quality sonde was trolled behind the boat to monitor turbidity. Us-
ing visual observations and reading measurements on the water quality sonde, the
edge of the plume was traced five times over a period of 50 minutes. After each
trace was completed, a profile was collected in the center of the plume at that
time. With this collected data, the lateral dispersion and transportation of the sed-
iments were observed. The plotted traces of the plume are shown in Figure 4-32,
while the collected profiles from the plume center are shown in Figure 4-33.

Over time, the plume slowly expanded and traveled to the northeast. According
to the collected profiles, turbidity also decreased as time progressed.
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Figure 4-32 The Outline of the Plume as Collected by Visually Tracing

the Plume Edge and Using a Water Quality Sonde to
Monitor Turbidity on August 21, 2013
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Figure 4-33 Turbidity Profiles Collected through the Placement Plume at Various Times
while Tracking the Plume’s Movement on August 21, 2013
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4.1.4 Sediment Sampling

The objective of sediment sampling was to compare and evaluate variations in
sediment physical-textural-chemical characteristics and sediment phosphorus
fluxes as a function of open-lake placement of dredge material. The samples were
analyzed at the University of Wisconsin-Stout. The complete report from the
University of Wisconsin—Stout is included in Appendix E.

Sampling stations were established in the placement area and the two reference
areas. Intact sediment cores and surface grab samples were collected in June prior
to the start of dredging activity. The samples were collected again in October,
after the completion of dredge material placement at the placement site. Intact
sediment cores were collected at three stations located in the placement area and
two stations in the reference areas. These cores were used to determine rates of
phosphorus release from sediment under aerobic and anaerobic conditions. Addi-
tional sediment cores were collected at the same placement area and RA-stations
in June and October for sectioning at 5-centimeter intervals over the upper 20 cm
to determine the variation in physical and chemical properties. Grab samples of
surface sediment were collected using a Ponar sampler at 20 to 22 stations that
were established from a grid over the placement area and from six stations located
in the reference areas. These samples were used to evaluate the spatial and tem-
poral variations in sediment characteristics. In addition, actual dredge material
was collected from the barges during active dredging in late July and August for
physical-textural-chemical analysis and comparison with open placement surface
sediment characteristics. The physical-textural variables included moisture con-
tent, bulk density, particle size distribution, and specific gravity. Chemical varia-
bles included organic matter content, sediment TP and sediment phosphorus frac-
tions that are functionally biologically labile (loosely bound P, iron-bound P, and
labile organic P; subject to recycling pathways) and biologically-refractory (alu-
minum-bound P, calcium-bound P, refractory organic P; more inert to recycling
and subject to burial).

Physical and Chemical Evaluation

There were some significant differences in the sediment phosphorus concentration
and composition between the reference areas and the placement area. The upper
5-centimeter sediment layer exhibited higher TP concentrations in the placement
area (i.e., approximately 0.93 mg/g) than the reference area (i.e., 0.66 mg/g).
Overall, biologically labile phosphorus accounted for approximately 47% of the
TP in the placement area. In contrast, this mobile phosphorus pool represented
only approximately 31% of the TP in the reference area. Differences in sediment
TP concentration were largely due to greater concentration of iron-bound phos-
phorus (i.e., approximately 0.36 mg/g), aluminum-bound phosphorus (i.e., 0.253
mg/g), and loosely-bound phosphorus (i.e., approximately 0.021 mg/g) in the
placement area versus the reference area surface sediment layer. The composition
of actual dredge material collected from barges in late July and August also close-
ly reflected the composition of the upper 5-cm sediment layer in the placement
area. This indicates chemical linkages between dredge material originating from
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Toledo Harbor and sediment located in the open placement area of the WLEB.
Spatial variations in Ponar grab samples confirmed the interpretation of findings
from intact sediment cores. Specifically, sediment TP concentrations were greater
in the placement versus reference areas on both June and October. Mean TP con-
centrations over the entire placement area sampling grid ranged between 0.98
mg/g (+ 0.02 SE) in June and 0.91 mg/g (+ 0.02 SE) in October. These mean
concentrations closely reflected the TP concentration of dredge material collected
from Toledo Harbor in July and August. In contrast, the mean TP concentration
in reference area Ponar grabs was lower at approximately 0.73 mg/g.

Surface Sediment Characteristics. In June 2013, before dredge material was
placed, the surface sediment particle size distribution in the placement area was
dominated by the silt fraction at a mean 54.2%. The clay fraction accounted for a
mean 37.1% and sand represented 8.7% of the particle size distribution (see Fig-
ure 4-34). In contrast, the sand fraction comprised a much higher percentage in
RA-1. This was attributable in large part to finely ground zebra mussel shells.
However, silts and clays still dominated overall particle size distribution in RA-1
as well.

Surface sediment in both areas exhibited a moderately low mean moisture content
(range approximately 55 to 60%), porosity (range approximately 75 to 79%), and
moderately high wet and dry bulk density (range approximately 1.29 to 1.38
g/em® and 0.53 to 0.65, respectively), indicating denser and compacted fine-
grained sediment composition. Loss on ignition organic matter content was mod-
erately low (less than 10%), but significantly higher in the placement area versus
RA-1 (less than 5%) in June and September.

There were not significant temporal differences in mean surface sediment textural
characteristics in the RA-1 between June and October. In the placement area, the
mean percent clay fraction and mean wet and dry bulk density decreased signifi-
cantly while mean moisture content and porosity slightly increased in October
versus June, in conjunction with the addition of dredged material. However, with
the exception of the greater than 63 microns grain size in June and organic matter
content in both June and October, mean surface sediment textural characteristics
were similar between the placement area and RA-1. Although some mean textur-
al characteristics changed significantly in the placement area between June and
October, overall differences between reference and placement area surface sedi-
ment physical and textural characteristics were minor after dredge material addi-
tion in October.
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Figure 4-34 Average Physical Characteristics from 0 to 5 cm in

Sediment Cores
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Over all stations and dates, biologically labile and refractory sediment phosphorus
represented approximately 42% and 58% of the total sediment phosphorus. The
mean sediment phosphorus concentration was moderate at 0.82 mg/g and compa-
rable to concentrations observed in Lake Ontario (0.85 mg/g), Lake Erie central
basin (0.88 mg/g) and Lake Michigan (0.75 mg/g) (Nurnberg 1988). The mean
biologically labile phosphorus fraction was dominated by iron-bound phosphorus
(Fe-P) at approximately 77% and concentrations were moderate, ranging between
0.10 mg/g and 0.48 mg/g.

4 Results

Mean biologically-labile phosphorus concentrations were significantly higher in
the placement area versus the reference area in June, prior to dredge material ad-
dition (see Figure 4-35). In particular, Fe-P was approximately two times greater
in the placement area surficial sediments at 0.382 mg/g in June versus a mean
concentration of 0.152 mg/g at RA-1. Both mean loosely-bound phosphorus and
Fe-P remained significantly higher in the placement area versus the reference area
after dredge material addition in October. However, mean concentrations did not
change significantly at either area between June and October, suggesting that
overall area concentration differences were probably a function of dredge material
placement.

Biologically Labile P

M June

M October

PA RA1 RA2

Figure 4-35 Average Biologically Labile Phosphorus from
0 to 5 cm in Sediment Cores
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Vertical Variation in Sediment Characteristics. Table 5-7, presented later in
the text, details results from the vertical core analysis from June and October for
the placement area, RA-1 and RA-2. Sediment moisture content tended to de-
crease, while wet and dry bulk density increased, with increasing sediment depth
as a result of compaction over time. These depth-related trends were more pro-
nounced in the reference versus placement area, particularly for bulk density. Ar-
ea-related differences may have been due to disturbance in the placement area via
annual addition of dredge material. Mean specific gravity was homogeneous as a
function of depth in the placement area.

The reference area exhibited a greater percentage of particles greater than 63 mi-
crons throughout the sediment column versus the placement area. Broken and
finely ground zebra mussel shells probably accounted for a portion of this particle
size fraction in the reference area. However, it was also noted that the sediments
appeared sandier in the reference area. Silt dominated the particle size distribu-
tion in the placement area and percentages were uniform with sediment depth in
both June and October. However, the percentage increased significantly over
most sediment depths in the placement area from June to October. The silt frac-
tion was more variable in the reference area and tended to decline slightly with
increasing depth in June. However, silt percent distribution was more homogene-
ous over all depths in October. Similar to patterns in the placement area, the per-
cent silt composition tended to increase at greater sediment depths in the reference
area from June to October. The clay fraction was uniformly distributed over all
depths in the placement area and represented a greater percentage of particle size
distribution in June versus October. The percentage declined significantly in the
placement area over all depths in October versus June, coincident with dredge
material addition. The clay percentage was generally uniform over all depths in
the reference area in June and October. The results for sediment composition are
summarized on Table 5-7 and Figure 17 in Appendix E.

Mean TP concentrations over all sediment depths in the placement area during
both June and October are presented in Figure 4-36. At the placement area mean
TP increases with depth in both June and October. At RA-1 and RA-2, mean TP
concentrations decrease slightly with depth or remain fairly steady.
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Figure 4-36 Mean Total Phosphorus Concentration as a
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4 Results

Dredged Material. Dredge material was collected from the barge in late July and
late August 2013 for examination of sediment characteristics. The dredge materi-
al exhibited moderately low mean moisture content (range = 1.32 g/cm’ to 1.47
g/cm’) and high wet (range = 1.32 g/em’ to 1.47 g/cm?) and dry bulk density
(mean range = 0.57 g/cm’ to 0.84 g/cm’). Mean organic matter content was rela-
tively low and similar between barges and dates, ranging between 7.0% and 8.5%.
Mean grain size distribution was roughly similar for dredge material collected
from various barges on different dates. Particles greater than 63 microns account-
ed for approximately 5% of the particle size distribution.

The dredged material is compared to sediment collected from the placement area
and the reference areas in Figures 4-37 to 4-39. Mean TP concentrations were
roughly similar over all samples collected on all dates. The mean ranged from
0.71 mg/g to 0.94 mg/g, reflecting concentrations of TP in the surface sediment of
the placement area. The phosphorus composition of dredge material was similar
between barges and dates. Biologically labile and biologically refractory phos-
phorus accounted for approximately 46% and 56% of sediment TP composition,
respectively. This reflects patterns observed in the placement area surface sedi-
ments. Similar to the placement area sediment patterns, the biologically labile
phosphorus pool for the dredge material was dominated by Fe-P at approximately
34%. The biologically refractory phosphorus pool was co-dominated by alumi-
num-bound phosphorus (Al-P) and calcium-bound phosphorus (Ca-P) at 49% and
47%, respectively.

mPA

Ref #1

Percent

W Ref #2

W Barge

Organic Matter Estimated Wet Density  Estimated Dry Density

Figure 4-37 Comparison of Sediment Characteristics
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Figure 4-38 Comparison of Sediment Physical Characteristics
1
0.9 -
0.8 -
= 0.7 -
£
= 0.6 - mPA
2
= 0.5 - = Ref #1
‘g‘ 0.4 - m Ref #2
[5)
§ 0.3 - m Barge
0.2 -
0.1 -
O .
Total P Loosely-bound Iron-bound P Labile organicP  Refractory
P organic P

Figure 4-39 Comparison of Sediment Chemical Characteristics

Phosphorus Flux from Intact Sediment Cores

Four sediment cores were collected from five locations, three in the placement
area and one each in RA-1 and RA-2. For each location, two of the four cores
were used for aerobic conditions and two were used for anaerobic conditions.

The sediment cores were analyzed to determine the rate of phosphorus release per
unit area of sediment.

Rates of phosphorus release from sediment appear to be largely regulated by clas-
sic iron-phosphorus oxidation-reduction interactions in the placement area. They
were greatest under anaerobic conditions, which was consistent with bacterially
mediated reduction of iron-oxyhydroxides, desorption of phosphorus, and diffu-
sion out of anoxic sediment and into the overlying water column. Under aerobic
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conditions, phosphorus release rates were much lower as the result of strong ad-
sorption of phosphorus by iron oxyhydroxides in the thin oxidized microzone at
the sediment surface, resulting in very limited diffusion into the overlying water
column. Aerobic conditions at the sediment-water interface probably dominated
redox chemistry in the WLEB, due to the shallow, mixed environment.

Mean rates of phosphorus release under both aerobic and anaerobic conditions
tended to be greater in the reference area versus the placement area in June 2013
(see Figure 4-40). Given the higher fraction of mobile phosphorus in the place-
ment area sediments, higher mean phosphorus releases from reference area sedi-
ments could not be explained by measuring differences in mobile forms among
the two areas. This may be attributed to numerous living Dreissenids mussels
(e.g., zebra mussels), found in reference area sediment but not in the placement
area, playing an important role in enhancing phosphorus release rates under both
aerobic and anaerobic conditions. Dreissenids mussels can excrete substantial
amounts of DRP during active grazing, which would occur during aerobic condi-
tions. Under anaerobic conditions, Dreissenid mussel death and decay can also
result in the release of DRP.

In October, there was minimal change in measured mean rates of phosphorus re-
lease under aerobic conditions at both the placement area and the reference area.
Under anaerobic conditions the phosphorus release rates were greater in October
2013 in both the placement area and the reference area (see Figure 4-41). The
reason for the increase in the anaerobic release rate in the placement area between
June and October is not clearly evident. Possible processes include anaerobic
leaching, decomposition, and breakdown of organic matter and phosphorus asso-
ciated with dredge material. However, since the WLEB is relatively shallow, well
mixed, and oxygenated throughout the water column, the likelihood and overall
role that anaerobic conditions play in phosphorus release from sediments could be
minor and needs to be evaluated in relation to phosphorus dynamics.

Overall, mean rates of phosphorus release for both the reference area and place-
ment area stations in June and October 2013 were an order of magnitude greater
under anaerobic versus aerobic conditions (see Figure 4-42). The mean anaerobic
phosphorus release rate for all stations and dates was relatively high at 9.5 milli-
grams per square meter per day (mg/m”/d) and fell within ranges reported for oth-
er Great Lakes, large lake systems, and large river systems in the upper Midwest.
The magnitude of anaerobic phosphorus release rates was also indicative of eu-
trophic conditions (Nurnberg 1988). However, the anaerobic conditions in the
Western Basin rarely exist; therefore, these higher flux rates are rarely observed.
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Figure 4-40 Changes in Soluble Phosphorus Concentration in the Overlying Water
Column of Intact Sediment Cores Subjected to Aerobic and Anaerobic
Conditions in June 2013
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Figure 4-41 Changes in Soluble Phosphorus Concentration in the Overlying Water
Column of Intact Sediment Cores Subjected to Aerobic and Anaerobic
Conditions in October 2013
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Figure 4-42 Rates of Phosphorus Release from Sediment under Aerobic and Anaerobic

Conditions at the Placement Area and Reference Areas in June and
October 2013 (PA-01 is the Placement Area and RA-25 is RA-1)

4.1.5 Sediment Traps

The sediment traps were deployed over two periods of time to collect water col-
umn sediments. The sediment traps were initially deployed during Event 1 and
collected during Event 2. The placement area sediment trap was deployed on
May 9, 2013, and was collected on July 25, 2013. A sediment trap was placed at
RA-1 (originally at 41.84479/-83.356), which was later moved when RA-1 was
relocated. The trap was re-deployed at the final RA-1 location
(41.7754/-83.3438) on June 20, 2013, and was collected on July 25, 2013. A final
sediment trap was placed at RA-2 on June 24, 2013, and was collected on July 30,
2013.

The second round of sediment trap sampling was performed immediately follow-
ing the first round. Sediment traps were deployed at the placement area and RA-1
on July 25, 2013, and were collected on October 2, 2013. Similarly, another trap
was deployed at RA-2 on July 30, 2013, and was collected on October 2, 2013.

The samples collected from the sediment traps were analyzed for dry mass, loss
on ignition (LOI), and sediment flux at the University of Wisconsin - Stout. The
sediment trap data are summarized in Table 4-14.
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Table 4-14

Summary of Results from the Deployed Sediment Traps at the Placement

Area, RA-1, and RA-2

Ignition
Location | Position (%) DEVS]

5/9/2013 | 6/20/2013 | RA-25 Lower A 14.9 9.3 42 31

5/9/2013 | 6/20/2013 | RA-25 Lower B 15.4 9.4 42 32

5/9/2013 | 6/20/2013 | RA-25 Upper A 9.7 10.5 42 20
1 6/20/2013 | 7/25/2013 | RA-1 Lower A 14.0 11.2 35 35
1 6/20/2013 | 7/25/2013 | RA-1 Lower B 12.0 10.7 35 30
1 6/20/2013 | 7/25/2013 | RA-1 Upper A 11.8 12.3 35 30
1 6/20/2013 | 7/25/2013 | RA-1 Upper B 11.5 12.0 35 29
1 5/9/2013 | 7/25/2013 PA Lower A 56.8 10.4 77 65
1 5/9/2013 | 7/25/2013 PA Lower B 61.7 10.0 77 71
1 5/9/2013 |7/25/2013 PA Upper A 49.9 10.1 77 57
1 5/9/2013 |7/25/2013 PA Upper B 37.6 10.5 77 43
1 6/24/2013 | 7/30/2013 | RA-02 Upper A 4.2 13.0 36 10
1 6/24/2013 | 7/30/2013 | RA-02 Lower A 5.7 10.7 36 14
1 6/24/2013 | 7/30/2013 | RA-02 Upper B 3.9 11.5 36 10
1 6/24/2013 | 7/30/2013 | RA-02 Lower B 5.7 9.9 36 14
2 7/25/2013 | 10/2/2013 | RA-1 Lower 43.8 15.4 69 56
2 7/25/2013 | 10/2/2013 | RA-1 Upper 41.7 16.4 69 53
2 7/25/2013 | 10/2/2013 | PA-1 Lower 37.0 15.4 69 47
2 7/25/2013 | 10/2/2013 | PA-1 Upper 50.5 17.3 69 65
2 7/30/2013 | 10/2/2013 | RA-2 Lower 15.9 16.2 64 22
2 7/30/2013 | 10/2/2013 | RA-2 Upper 16.6 15.6 64 23

Key:

g/m*/d = grams per square meter per day

Basic statistics were calculated to summarize these results. Averages and stand-

ard deviations were calculated for dry mass and LOI (%) at each of the three sed-
iment trap locations and are shown in Table 4-15.

Table 4-15 Basic Statistics for Dry Mass and LOI% at Each of the Three

Loss on Ignition (%)

Sediment Trap Locations
Dry Mass (grams)

Location Count | Average STDEV | Location Average STDEV
PA 6 48.9 9.99 PA 6 12.3 3.20
RA-1 6 22.5 15.75 RA-1 6 13.0 2.34
RA-2 6 8.7 593 RA-2 6 12.8 2.59
Key:
PA = placement area
RA = reference area
STDEV = standard deviation
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Average sediment deposition fluxes were calculated for all three sites during each
deployment period. These fluxes are summarized in Table 4-16. Sediment fluxes
were highest at the placement area and lowest at RA-2.

4 Results

Table 4-16 Average Fluxes Calculated at Each
Sediment Trap Location for Each Trap

Deployment Period
Deployment 1 (g/m“/d) Deployment 2 (g/m?/d)

PA 59 PA 56
RA-1 31 RA-1 55
RA-2 12 RA-2 22

Key:
g/m*/d grams per square meter per day

PA
RA

placement area
reference area

4.2 Model Calibration

This section describes the model calibration process for each sub-model and
shows model-data comparisons for key variables.

421 EFDC

Calibration comparisons for the hydrodynamic and water temperature model fo-
cused on comparisons of model prediction and monitoring data collected at the
University of Toledo’s stations MB20, MB18, 8M, and GR1. Figures 4-43 to
4-46 provide model-to-data comparisons for water temperature and chloride.
Chloride is a conservative constituent naturally found in surface waters in higher
concentrations in tributaries and lower concentrations in the open waters of the
Great Lakes.

Figures 4-43 to 4-46 show that the model (solid blue line shown with a label of
“RCA (Baseline)”) captures measured water temperature (points) very closely.
Maximum water temperatures in 2011, 2012, and 2013 reach 27°C. The model
captures decreases in water temperature in the late summer and early fall. In
2013, continuous water temperature data available from NOAA at GR1 (RA-2)
shows how the model captures the dip in temperature in mid-August.
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Figure 4-43 Water Temperature at MB20
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Figure 4-44 Water Temperature Calibration Comparison at MB18
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Figure 4-45 Water Temperature Calibration Comparison at MB8M
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Figure 4-46 Water Temperature Calibration Comparison at GR1
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Figures 4-47 to 4-50 provide model-data comparisons of chloride concentrations
at MB20, MB18, 8M, and GR1. Daily chloride concentrations are available for
the Maumee River; however, concentrations for other tributaries are held at a con-
stant value. (See the Section 3.4 Model Overview for more information on model
boundary conditions.) The model captures the general temporal trend of chloride
concentrations well at all stations. Chloride concentrations decrease during high
flow events due to dilution from runoff and increases during low flow periods.
Spatially, chloride concentrations decrease moving from the river, to Maumee
Bay, and out into the WLEB.
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Figure 4-47 Chloride Concentration at MB20
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Figure 4-48 Chloride Concentration at MB18
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Figure 4-49 Chloride Concentration at 8M
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Figure 4-50 Chloride Concentration at GR1

4.2.2 SWAN

The SWAN wind-wave model was previously configured and calibrated for the
2004-2009 period as documented in the report titled Development of an Integrat-
ed Modeling Approach for Quantifying the GLRI Deposition Metric (LimnoTech
2013). The performance of the SWAN wind-wave model was further evaluated by
comparing model-simulated wave height to wave height data and to simulation
results available from the GLCFS model for summer 2013.

Wave characteristics were monitored continuously near the placement location
from May to October 2013 and were reported on a 10-minute interval. Modeled
wave heights at an hourly interval were extracted from the GLCFS online point
query tool (http://data.glos.us/glcfs/). As shown in Figures 4-51 and 4-52, The
SWAN model reproduces the frequency and timing of significant wind-wave
events in the system relative to the observed data and GLCFS model results.
There is some tendency for the model to under-predict the maximum peak wave
heights (e.g., on July 1, 2013, during a strong northerly wind). This under-
prediction may be due to uncertainty in the magnitude, as well as the direction, of
wind fields over the WLEB during this time period. In general, the under-
prediction of maximum wave heights is not expected to affect the model’s ability
to simulate the transport and fate of suspended solids released at the placement
site during and following placement events.

4.2.3 Sediment Transport

The A2EM sediment transport calibration effort documented in this section builds
upon previous calibration work described in LimnoTech’s 2013 report. The pur-
pose of this previous study was to evaluate the Toledo Harbor navigation channel
deposition reduction targets prescribed by the Great Lakes Restoration Initiative
(GLRI) 2010 Action Plan (White House Council on Environmental Quality 2010)
through calibration and application of the sediment transport component of
A2EM.
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Figure 4-52 Comparison of SWAN-simulated Wave Heights to GLCFS-simulated

Wave Heights for Summer 2013

A rigorous model calibration process was conducted as part of the previous Tole-
do Harbor deposition study. The model was calibrated by relying on several sets
of successive bathymetric surveys in the navigation channel, as well as water col-
umn total suspended solids data collected by the University of Toledo and aerial
imagery depicting the movement of sediment plumes from the Maumee River and
resuspension events in the WLEB. Deposition rates (centimeters per year [cm/yr])
were estimated along the navigation channel by calculating the difference in sed-
iment volume between sets of successive surveys. It was demonstrated that the
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4 Results

calibrated sediment transport model generally reproduced the spatial and temporal
patterns in deposition rates that were calculated from the surveys. Figure 4-53
presents a model-data comparison of deposition in the Toledo Harbor navigation
channel that illustrates the capability of the model to match the spatial distribution
of sediment deposition in the channel during the 2006-2007 period. An example
of a previously developed, map-based model-data comparison for total suspended
solids concentration is provided in Figure 4-54. This figure illustrates the capabil-
ity of the model to track the extent and suspended solids concentrations within a
plume generated by a high-flow event in the Maumee River. An example of a
qualitative comparison between a model-simulated suspended solids plume and
aerial imagery is provided in Figure 4-55. This comparison illustrates the capabil-
ity of the model to reproduce the extent of plumes generated by the combination
of a Maumee River high-flow event and nearshore resuspension activity in the

WLEB.
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Figure 4-53 Comparison of Simulated to Observed “Bed Elevation
Change” in the Toledo Harbor Navigation Channel
(summer/fall 2006 — summer/fall 2007)

(reproduced from Figure 4-17 in LimnoTech 2013)
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Total Suspended Solids
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DatelTime:
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Figure 4-54Coparion of Simulate (grid) to Observed (Iooints) Total
Suspended Solids Concentrations in Maumee Bay (June 3,
2004; Maumee Flow = 22,600 cfs)

Available bathymetry and suspended solids data and the findings from the prior
sediment transport model calibration effort have identified the two major contrib-
utors to navigation channel deposition as: 1) the direct deposition of the Maumee
River sediment load; and 2) resuspension of solids from Maumee Bay and the
WLEB and subsequent re-deposition to the channel. The sediment transport mod-
el represents both of these processes, and the relative contributions of these pro-
cesses to deposition have been well-constrained through the process of model cal-
ibration.

In order to apply the A2EM model to answer questions related to fate and
transport of solids released at the placement site, it was necessary to confirm that
the sediment transport model reasonably represents regional sediment bed dynam-
ics and solids settling consistent with suspended solids data available for spring-
fall 2013. Figures 4-56 and 4-57 illustrate model-data time series comparisons for
total suspended solids at two monitoring stations, with locations indicated on Fig-
ure 4-58. The model generally reproduces the background concentrations ob-
served in the data, which reflect transport of solids from multiple sources includ-
ing loading from the Detroit River, the Central Basin of Lake Erie, and the
Maumee River; and sediment bed resuspension in the WBLE. As illustrated by
the map-based comparison in Figure 4-58, the model also reproduces the gradient
in suspended solids that occurs from Maumee Bay (represented by station MB20
where observed concentrations are typically approximately 20 mg/L) into the in-
ner region of the WBLE (represented by station GR1 where observed concentra-
tions are typically approximately 5 mg/L).
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Total Suspended Solids
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Figure 4-55 Comparison of MODIS Imagery (top) and Model-Simulated
Suspended Sediment Plume (bottom) for April 18, 2006
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Figure 4-58 TSS Concentration Map on August 5, 2013

Figures 4-59 through 4-63 show model-data comparisons for locations where tur-
bidity sondes recorded a continuous recorded of suspended material concentra-
tions. The x-axis covers the May 1, 2013, to August 1, 2013, period, which is
when wind driven resuspension was most dominant in 2013. Instrument recorded
turbidity was converted to total suspended solids concentration through a linear
regression analysis of co-located turbidity data and total suspended solids grab
sample data. The model is able to capture the wind-driven at RA-1 and at the
placement site. The model and data show that turbidity at RA-1 spikes higher
during wind driven re-suspension events than at the placement site. Unfortunate-
ly, a sensor failure at RA-1 prevented the collection of a longer term turbidity da-
taset between these two locations. A turbidity sonde located at the mouth of the
river primarily reflects the turbidity in the Maumee River and is not influenced by
wind driven resuspension. At Toledo Light #2 (RA-2), turbidity remains low
throughout this entire period. The trend of decreasing turbidity (and TSS concen-
trations) from the Maumee River out to Toledo Light #2 is also present in other
datasets, such as TP and chlorophyll.
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Figure 4-59 Total Suspended Solids Model-data Comparison at Maumee
River Mouth
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Figure 4-60 Total Suspended Solids Model-data Comparison at RA-1
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Figure 4-61 Total Suspended Solids Model-data Comparison at WE2
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Figure 4-62 Total Suspended Solids Model-data Comparison at Placement

Site
1 Index: 281.00(1 = 281,1=38,K =1) Stations: GR1, GR1, LTI27
200 SEDZLJ (Baseline) & Data(UT) 4 Data(NOAA) m Data(lLTl) ¢ Data(TSS)

5 [

E B

w 150

.'g L

= B

@ C

2 100

c

g B

& .

@ 50 .

B L

2 - 3
0 WW

1Wed 38 Wed 15 Wed22 Wed 18at 8Sat 15Sat 228at 1 Mon 8Mon 15 Mon22 Mon 1 Thu
May 2013 Date/Time

Figure 4-63 Total Suspended Solids Model-data Comparison at RA-2 (GR1)

Concentrations reasonably reproduce observed concentrations for 2013. There-
fore, it was determined that no further calibration of the sediment transport model
was necessary at this time, with the exception of introducing and calibrating the
process of sediment disposal at the placement site. The original configuration and
calibration of the sediment transport model for the Toledo Harbor deposition
study (LimnoTech 2013) did not include any representation of dredged solids dis-
posal in the WLEB. The reasons for not explicitly including placement events in
the original sediment transport model were two-fold and included: 1) detailed
data were not previously available to estimate the mass residual of solids in the
water column during/following a placement event; and 2) the process of sediment
placement at the placement area was not expected to significantly influence the
deposition of solids into the navigation channel.

The sediment transport model was modified to include the release of solids to the
water column following a placement event. Dredging records and water column
observations collected for summer-fall 2013 informed representation of the sedi-
ment placement load. Further detail regarding the representation of solids releases
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to the water column for these events is provided in Section 3.4 (Model Develop-
ment: Sediment Transport). Settling rates of placement solids were calibrated in
the model by comparing simulated residual suspended solids mass to calculations
of the remaining suspended solids mass following a placement event based on wa-
ter column observations.

As discussed in Section 5.2.1, the analysis of relevant water column observations
for 2013 suggests that only a small fraction of material remains suspended in the
water column following a placement event. This residual fraction has been esti-
mated to range from 1 to 5% based on an independent literature review

(E & E/LimnoTech 2013) and data collected in 2013. Maximum suspended solids
concentrations were measured at approximately 500 mg/L and the plume was 1.6
acres in areal extent five minutes after a placement event occurring near midday
on August 21, 2013. The residual suspended particulate mass in the water column
was conservatively estimated to be 14,730 kg by taking the product of the maxi-
mum suspended solids concentration, the plume area, and the average water depth
at the placement site. A comparison of this “initial” residual mass to an estimate
of the total mass of solids on the barge prior to placement suggests that approxi-
mately 2.5% of the solids remained in suspension five minutes after the barge
doors open, with the remaining 97.5% depositing as an aggregated mass to the
sediment bed during that time interval. The estimated residual of 2.5% falls within
the 1 to 5% range developed based on the supporting literature review.

Five additional turbidity measurements were made within a two-hour period fol-
lowing the initial five-minute measurement. During this period, maximum sus-
pended solids concentrations fell to approximately 30 mg/L, and the plume extent
grew to 4.5 acres. Total suspended solids mass in the plume was estimated in the
same manner as described above for the data collected at the 5-minute mark fol-
lowing the barge release. The data-based mass estimates for each measurement
time are shown as black squares on Figure 4-64. The exponential decline ob-
served in the estimated plume mass suggests that the solids that remain in the wa-
ter column following a placement event rapidly deposit to the sediment bed. Ap-
proximately 84% of the residual suspended solids settled within an hour of the
placement event. Furthermore, these residual mass estimates are considered to be
conservative bec