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Introduction

This document summarizes the application of a simple transport model to estimate the areal extent that spilled
dredge material will be transported in the water column at Miami Harbor for the FY 2019 Operations and
Maintenance (O&M) dredging event. The model is based on representative sediment sizes and associated fall
velocities, measured current data, current volume estimates and project description, assumed dredge equipment,
and estimated spillage rates. Each of these topics is discussed below preceded by a description of dredge plume
development. Finally the results from the model are presented and summarized.

Dredge Plume Development

Any dredging practice generates the possibility of mobilizing sediment into the water column above the
background concentration that would be present in the absence of the dredging. This sediment plume is
characteristic of dredging and its size and impacts depend on the amount of spill that enters the water. Spill is the
release or mobilization of sediments into the water column due to dredge activities. The plume behavior that
results from spill is a function of the release mechanism/location, sediment characteristics, hydrodynamics, and
other physiochemical factors related to the material in the marine environment.

The particle size characteristics of the sediments released into the water column will depend on the in situ material
in the area to be dredged and the size and characteristics of particles generated when that material is subject to
dredging (Kemps and Masini, 2017).

Plumes are generally classified as dynamic or passive with a transitional phase in-between. Dynamic plumes
originate from discharges of high concentration sediment-water mixtures that are significantly denser than the
surrounding waters (Kemps and Masini, 2017). Dynamic plumes descend rapidly towards the seabed and then
spread radially outward across the seabed as a passive plume (Dankers, 2002). This transition may occur in the
water column and/or after the dynamic plume has impacted the seabed and formed a spreading bed plume. For a
dynamic plume, the bulk behavior of the water-sediment mixture, rather than the settling velocity of the individual
particles is important (Winterwerp, 2002). The settling velocity of a dynamic plume is relatively large meaning the
impact zone is relatively small (Dankers, 2002).
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Passive plumes consist of low suspended sediment concentration mixtures that have minimal density or
momentum differences relative to the surrounding seawater (Kemps and Masini, 2017). Passive plumes arise due
to stripping of dynamic plumes by entrainment caused by turbulence. When the current velocities are strong
enough, the plume will mix entirely with the surrounding water (Dankers, 2002). As such the sediment transport in
passive plumes is governed by the ambient hydrodynamics, the vertical settling velocity of the suspended particles
and by particle deposition or resuspension at the sea bed (Kemps and Masini, 2017). The sediment concentrations
within a passive plume are thus relatively low.
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FIGURE 2: PROCESSES IN AND AROUND PASSIVE PLUMES FROM DANKERS 2002

Given that dynamic plumes tend to settle out very near the source and it is difficult to model the bulk properties of
the material, passive plumes which are dictated by settling velocities and ambient hydrodynamics are assumed
here.

Spill Estimates, Sediment Characteristics and Dredge Equipment

For the FY2019 O&M dredging event of Miami Harbor it is anticipated that a mechanical clamshell dredge and/or a
trailer suction hopper dredge (TSHD) will be used. These two types of equipment have been used for this project in
the past and are the types of equipment typically employed for USACE O&M projects throughout Jacksonville
District.

For mechanical dredgers fine sediment plumes are generally released in pulses during the lift phase of the
dredging cycle. The plume is intermittent in time and a very slow moving source. Generally the spill is fairly evenly
distributed throughout the water column with a bias towards the surface and near bottom. The TSHD releases fine
sediment plumes which are mainly generated from overflow but also to a lesser extent at the drag head. The
spatial distribution of the plume is moving and the vertical distribution depends on the management of the
overflow. In general, for both dredge techniques the coarser material (i.e. sands) is not a concern as it readily
settles out very near the source given the high settling velocities, however the finer (i.e. clays and silts) material
can be transported and is the focus of this analysis.

Data on the spill rate on a percentage of fines within the total volume of excavated material varies and consensus
values do not exist. Values used in this estimate are derived from the 27 April 2018 Danish Hydraulic Institute (DHI)
seminar “Proactive and Adaptive Measures for the Management of Coastal Development Induced Sediment Plume
Impacts” presented by Tom Foster and Josh Van Berkel. This seminar was attended by a number of personal
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representing local, state, and government agencies with regulatory authority on this O&M event. The values
presented come from the DHI dredging database and their measurements and evaluation of spill for dredge
projects worldwide. The data represents the average of thousands of measurements. For grab dredging (i.e.
mechanical dredge) the spill rate is estimated as 5% of the fines dredged. As previously mentioned this is generally
released during the up phase of the dredge cycle throughout the water column with a bias towards the near
surface and near bottom. To develop a conservative estimate of the maximum areal extent of released sediment,
the material is assumed to be all released at 10 ft below the water surface. For TSHD the estimate presented by
DHI ranges from 1 to 10 to 25% of fines. The 1 to 10% percent range is used to describe releases at the bottom
from the draghead. This model will assume 10% loss 5 ft above the dredge depth for draghead loss. The 10 to 25%
range covers overflow loss. As a conservative estimate a value of 25% at a water depth of 25 ft below the surface
will be assumed for overflow losses. The 25 ft below the surface is based on the assumption of an average draft of
20 ft to 30 ft for the vessel and overflow occurring near the bottom of the vessel. These values are summarized in
Table 1. For comparison purposes spillage estimates developed as part of the Dredge Science Node by Western
Australia researchers is presented in Table 2.

TABLE 1: SUMMARY OF DREDGE SPILL INFORMATION

Mechanical Hopper — Draghead Hopper - Overflow
Location | 10 ft below water surface | 5 ft above the bed | 10 ft below water surface
Spill Rate 5% of fines 10% of fines 25% of fines

TABLE 2: COMPARISON OF DREDGE SPILLAGE RATES

Dredge Type DHI Dredging Impact Seminar, Kemps and Masini 2017
Ft Lauderdale, FL April 27, 2018* | (based on total excavation

rate)

Hydraulic cutterhead sidecast 2 1-1.5
Hopper Dredge (overflow) 1-25 1-23
Propeller NA <1
Draghead NA <1
Clamshell/bucket (clay material) 5 NA

To define the sediment characteristics of the clays and silts, the same values as used in the Port Everglades
Deepening project (Schroeder, 2017) were used. For the clay material collected at Port Everglades, laboratory
testing was done and a representative settling velocity of 0.020 cm/s was determined. That settling velocity value
will be used throughout the analysis for the fine material.

Operations and Maintenance Dredging FY2019

Maintenance dredging for the FY2019 Miami Harbor O&M project will be performed to project depth plus
allowable overdepth as needed. Figure 3 shows the project overview for the proposed 2019 event. The shaded
areas depict areas that will be dredged or leveled via drag bar. The areas near within the entrance channel near
the jetties will be leveled to project depth via drag bar, other areas will be dredged. The overall dredge volume is
estimated to be approximately 100,000 cy. It is assumed that a similar project footprint will occur for the 2019
event. The volume of material to be dredged within each segment are estimated based on the 04-08 April 2018
hydrographic survey performed by USACE. (Survey No. 18-125). The dredge volumes by segment determined by
that survey are summarized in Table 3 below. Also in the table is the representative current observation associated
with each area which will be discussed in more detail below. For this analysis it is noted that the quantities in Cut
1, the Widener and Cut 2 will not be evaluated since they are not included in the scope of the project. The
guantities in Cut 1 and the Widener will not be dredged at all, while the quantities in Cut 2 will be leveled with a
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drag bar. Note that the total quantities do not add up to 100,000 cy as that quantity includes an assumption of
additional shoaling between the 2018 survey and actual dredging event.

Relevant to the spill calculations, the percent of fine material is estimated based on sediment cores and gradation
data taken throughout the project area. All sediment samples (Figure 4) within a segment were examined and the
one with the highest percent fines was used to represent the sediment characteristics within that segment. These

values are also included in Table 3.
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TABLE 3: ASSUMED DREDGE QUANTITIES (CY) BASED ON 04-08 APRIL 2018 USACE SURVEY No. 18-125

Cut-1* 12,956 5,839 18,795 MIH0802 10.3 3,000
Widener* 4,345 2,890 7,235 MIH0802 10.3 2,000
Cut-2** MIH0802/3

Cut-3 884 452 1,336 MIH0804/5 6.6 1,200
Fisher Island 1,007 1,079 2,086 MIHO0805 6.6 1,200
Turning Basin
Fisherman’s 1,641 1,317 2,958 MIH0806/7 82.1 2,200
Channel
Lummus Island 24,582 29,602 54,184 MIH0809/10 63.6 1,200
Turning Basin
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Design Within 1 ft Total By Representative
Depth to Overdepth Area Current Obs.
36 ft
Turning Basin 7,478 20,706 28,184 MIH0812/13 46.3 1,200
Total Dredge 35,592 53,156 88,748
Quantities***

*  Cut 1 and the Widener will not be dredged under this contract
** Cut 2 will not be dredged under this contract. Material will be leveled with drag bar
*** Quantity listed is dredge quantity including Cut 3, FITB, FC, LITB, and TB

Representative Flow Field

To evaluate the transport of fine material released in the water column due to dredging, representative flow fields
were developed. In 2008, NOAA conducted a current study throughout Miami Harbor. As part of this study current
measurements were taken at thirteen locations throughout Miami Harbor (twelve of those used here) (Figure 5).
In general the instruments were in place for one to two months recording current speed and direction in multiple
layers throughout the water column. With the data from each instrument, a peak and average current profile was
developed. To accomplish this, first the peak current speed throughout the time-series and throughout all layers
was determined. This typically occurs at the top-most layer in the profile where surface wind driven current is
measured. Once the peak was determined, that time and layer was recorded and a time-series of data, beginning
at that time, was extracted from the observations. Concurrent time-series for each other layer were also extracted
to ensure that the time-series is physically consistent with the observations throughout the water column. By
choosing the peak representative flow field in this way, the highest currents occur at the beginning of the time-
series to ensure the longest excursion length (i.e. particle is released into the fastest currents and forced to
experience peak excursion).

To determine a representative average flow field the average peak flow velocity was determined for the layer
which produced the peak velocity (usually the top layer). The entire time-series for that layer was then scanned to
determine a peak current which came closest to the average peak value. Starting at the average peak value a time
series was extracted from the data record for that layer and concurrent time-series for all other layers in a similar
fashion to done for the peak values. The end result of both of these analyses of the observations are two time-
series of current data at each observation location for all vertical layers; one that is representative of average
conditions and one that is representative of peak current conditions. By using real observations to drive the model,
a realistic time-series is used that includes the ebb and flood velocities to accurately portray the particle excursion.
For this report, only the peak current fields are presented. This represents the most conservative estimate (i.e.
greatest excursion distance) of sediment movement for spilled particles.

Table 4 below provides a summary of the data which is used to drive the data. The table indicates the number of
vertical layers at each location, the representative depth of each layer, the peak velocity, and the average peak
velocity.
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TABLE 4: CURRENT OBSERVATIONS USED TO DRIVE TRANSPORT MODEL

MIH0802 MIH0803 MIHO0804 MIH0805 MIH0806 MIH0807 MIH0808 MIH0809 MIH0810 MIH0811 MIH0812 MIH0813

Start Date 09-May- | 09-May- | 03-Apr- 08-May- | 03-Apr- 09-May- | 03-Apr- 09-May- | 09-May- | 08-May- | 08-May- | 09-May-

End Date 08 08 08 08 08 08 08 08 08 08 08 08
17-Jun- 17-Jun- 08-May- | 29-May- | 07-May- | 18-Jun- 07-May- | 15-Jun- 17-Jun- 17-Jun- 13-Jun- 17-Jun-
08 08 08 08 08 08 08 08 08 08 08 08

# Vert. Layers | 10 9 10 10 9 9 9 5 9 8 9 8

Vert. Layer 38.2 33.8 33.9 35.7 30.8 33.6 32.6 17.3 33.6 27.8 29.9 29.6

Depth (ft) 34.9 30.5 30.6 324 27.6 30.3 29.4 14.0 30.3 24.5 26.6 26.3
31.6 27.2 27.4 29.1 24.3 27.1 26.1 10.7 27.0 21.3 23.3 23.0
28.3 23.9 24.1 25.9 21.0 23.8 22.8 7.4 23.7 18.0 20.0 19.8
25.1 20.6 20.8 22.6 17.7 20.5 19.5 4.2 20.4 14.7 16.8 16.5
21.8 17.4 17.5 19.3 14.4 17.2 16.2 17.2 11.4 13.5 13.2
18.5 14.1 14.2 16.0 11.2 13.9 13.0 13.9 8.1 10.2 9.9
15.2 10.8 11.0 12.7 7.9 10.7 9.7 10.6 4.9 6.9 6.6
11.9 7.5 7.7 9.4 4.6 7.4 6.4 7.3 3.6
8.7 4.4 6.2

Peak Vel. 1.81 3.01 2.20 1.51 0.34 1.20 0.79 0.69 0.70 0.43 0.84 1.20

(m/s)

Avg. Peak 1.18 1.67 0.75 0.62 0.30 0.96 0.74 0.55 0.23 0.02 0.24 0.10

Vel. (m/s)
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FIGURE 5: LOCATIONS OF NOAA CURRENT MEASUREMENTS DURING 2009

Summary of Assumptions

The following assumptions are made in the development of the model

e Plume acts as a passive plume governed by the vertical settling velocity of the particle and the ambient
hydrodynamics
e Spillage estimates from DHI database
o 5% of fines for mechanical at the surface
o 10% of fines for TSHD from the draghead at 5 ft above bed elevation
o 25% of fines for TSHD from overflow at 25 ft below water surface
e Fines are represented by with singular settling velocities of 0.020 cm/s
e Volumes based on April 2018 survey, with percent fines estimated from average of representative
samples
e Current observations at discrete locations are representative of surrounding area
e Conservation of sediment material (is neither destroyed or made), neglect any physical or chemical
changes in sediment such as flocculation
e  Prop-wash and turbulent resuspension are neglected
e Horizontal and vertical diffusion are not modeled
e Assumed that bottom depth of channel of release location is representative of depth that particles settles
on

10
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Simplified Transport Model

Based on the data presented and the assumptions above a simplified transport model was constructed to
determine the maximum distance a particle is expected to travel as well as the final settling distance. These
distances are computed based on transport of a particle by the measured ADCP current profiles as it falls from a
release depth to the bottom. The vertical release locations are those presented in Table 1 and are meant to
replicate the dredging process. The total time that the particle is falling is calculated based on the distance
between the release elevation and the bottom and the fall velocity of the sediment. Once this time is determined
the model calculates the distance that the particle will travel based on the vertical current profile (peak velocity).
This is accomplished via a simple horizontal advection scheme coupled with linear interpretation in the vertical
between measured current layers. For this simple model all current data is obtained from the closest
measurement to the release point. In a few rare occasions the excursion length may be long enough that the
particle approaches another measurement location. Typically by the time this occurs, the particle has settled down
in the water column where currents are weak regardless of the current data being used. For this reason adjacent
measurement stations were not used, only the one closest to release. As previously noted the start time of the
model corresponds with the time of peak velocity to ensure the maximum excursion distance of the particle. An
example of the model output is shown in Figures 6 and 7 for a fine particle released at -10 ft elevation by
mechanical dredge in the Dodge Island Turning Basin. Figure 6 shows the total distance traveled while Figure 7
shows the three-dimensional excursion length of the particle. As shown in Figure 7, the particle is subject to the
tidal flow as it settles to the bottom. The maximum distance traveled does not necessarily represent where the
particle would finally settle due to the ebb and flood of the tidal currents throughout the time it takes for the
particle to settle. Plots for all modeled scenarios are shown in Appendix A.

Time (hr)
Depth (m)

| | | | | |
500 600 700

300 400
Total Distance Traveled (m)

FIGURE 6: TWO DIMENSIONAL VIEW OF THE EXCURSION OF A FINE PARTICLE RELEASED AT -10 FT ELEVATION IN THE DODGE
ISLAND TURNING BASIN BY MECHANICAL DREDGE
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FIGURE 7: THREE DIMENSIONAL VIEW OF THE EXCURSION OF A FINE PARTICLE RELEASED AT -10 FT ELEVATION IN THE DODGE
ISLAND TURNING BASIN

In addition to determining the excursion length, an estimate of the sediment depth was determined. The thickness
of the deposited sediment was assumed to be greatest at the source and decrease out to both the final distance
and the maximum distance as determined above. The volume of material was determined based on the
percentage of material expected as spillage for both clays and silts. The total volume and percent clays and silts is
presented in Table 3. The spillage estimates are given in Table 1. In addition to spreading out a calculated distance,
the material will be dispersed along the length or open boundaries of the channel segment. For example along Cut-
1 the material is assumed to be dispersed out to the model determined maximum and final distances along the
approximately 3,000 m length of the existing channel. A summary of these lengths for each channel segment is
also provided in Table 3.

The formula used to determine the thickness is given below and taken from simple geometry to find the area of a
triangle. This assumes the sediment settles into a triangular distribution with the peak of material at the source
and decreasing in thickness out to the maximum length. The calculated thickness represents the maximum value at
the source and it decreases to zero thickness at the maximum or final distance.

(2 x Spillage Volume)

Sedrnickness = (Distance x Legnth)

Where

Spillage Volume: The Total Volume to be dredged multiplied by the spillage percentage and sediment type
percentage for the material

Distance: The model calculated excursion distance for the particle (maximum or final)

Length: The length that the material is expected to be dispersed along, estimated from open boundaries of the
segment

12
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The results of the model are summarized in Table 5. As expected the excursion length increases the higher up in
the water column the particle is released. This makes sense as the particle takes longer to fall and is advected
further by the stronger currents higher up in the water column. For this reason sediment thicknesses from the
hopper draghead are usually greatest as that spilled material is concentrated over a much smaller footprint. Also
as expected the highest sediment thickness corresponds with the highest sediment loads and/or with the weakest
currents. The highest expected silt spillage volumes are found in Lummus Island Turning Basin. This area also
corresponds with weaker currents. The weak currents result in shorter excursion distances which when coupled
with the higher sediment loads results in the highest sediment thicknesses. These high values (> 1 cm) are all
confined to within approximately 100 m of the source and for the highest value shown in Table 5.

Out near the coastal waters in Cut-3 the current speeds are high and the fine sediment loads are low. The high
current speeds result is sediment excursion lengths in excess of 8 km, but only a very small amount of fine
sediment is expected to be spilled resulting in negligible sediment thicknesses. As the dredge depth gets shallower
the excursion length will typically decrease since the distance a particle falls is less. Within Fisher Island Turning
Basin, the Middle Turning Basin and Fisherman’s Channel the excursion length can be far, but the sediment
thickness is shallow due to limited material spread over a long distance.

13
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TABLE 5: SUMMARY OF MODEL RESULTS FOR DISTANCE AND THICKNESS

Location | Dredge Currents | Bottom Depth Release Depth Spillage Volume Along- Max Final Distance | Max Distance Final Distance
(ft) (ft) % (cy) channel Distance (m) Height (cm) Height (cm)
Dispersal (m)
Length (m)
Cut-3 Mechanical MIHO0804 | 51 10 5 4 1,200 8,887 8,459 0.00 0.00
Cut-3 Hopper MIHO0804 | 51 46 10 9 1,200 453 452 0.00 0.00
Cut-3 Hopper MIHO0804 | 51 25 25 22 1,200 3,041 1,196 0.00 0.00
Cut-3 Mechanical MIHO0805 | 51 10 5 4 1,200 3258 2581 0.00 0.00
Cut-3 Hopper MIHO805 | 51 46 10 9 1,200 439 439 0.00 0.00
Cut-3 Hopper MIHO805 | 51 25 25 22 1,200 0.00 0.01
3,251 544
MTB Mechanical | MIH0812 | 37 10 5 571 1,200 1836 1,031 0.04 0.08
MTB Hopper MIH0812 | 37 32 10 1,142 1,200 326 126 0.50 0.50
MTB Hopper MIH0812 | 37 25 25 2,855 1,200 1,542 1,539 0.27 0.27
MTB Mechanical | MIH0813 | 37 10 5 571 1,200 1,419 860 0.06 0.10
MTB Hopper MIH0813 | 37 32 10 1,142 1,200 277 277 0.59 0.59
MTB Hopper MIHO813 | 37 25 25 2,855 1,200 982 982 0.42 0.42
FISH Mechanical | MIHO806 | 51 10 5 175 2,200 0.00 0.01
1,824 1,410
FISH Hopper MIHO0806 | 51 46 10 350 2,200 83 83 0.20 0.20
FISH Hopper MIHO806 | 51 25 25 874 2,200 1,289 619 0.03 0.07
FISH Mechanical MIH0807 | 51 10 5 175 2,200 3254 2117 0.00 0.00
FISH Hopper MIHO0807 | 51 46 10 350 2,200 308 308 0.05 0.05
FISH Hopper MIH0807 | 51 25 25 874 2,200 2,894 1235 0.01 0.03
FITB Mechanical | MIHO805 | 51 10 5 7 1,200 0.00 0.00
echanica 3,258 2,581
FITB Hopper MIHO0805 | 51 46 10 14 1,200 439 439 0.00 0.00
FITB Hopper MIHO0805 | 51 25 25 34 1,200 3251 544 0.00 0.01
LITB Mechanical | MIH0809 | 37 10 5 1,860 1,200 1,944 197 0.11 1.10
LITB Hopper MIHO809 | 37 46 10 3,719 1,200 27 77 5.60 5.60
LITB Hopper MIHO809 | 37 25 25 9,298 1,200 1117 344 0.97 3.14
LITB Mechanical | MIHO810 | 37 10 5 1,860 1,200 0.29 0.53
735 411
LITB Hopper MIHO0810 | 37 46 10 3,719 1,200 47 6 9.26 9.33
LITB Hopper MIHO0810 | 37 25 25 9,298 1,200 679 438 1.59 2.47

14
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Summary

A simple model was constructed to estimate the sediment excursion length and sediment deposition thickness for
fine grained material dredged and spilled in preparation for the Miami Harbor Operations and Maintenance
dredging event slated for FY2019. The amount of spillage in the model was based on the estimated dredge
quantities for each segment, sediment samples to estimate the percentage fines of the total volume for that
segment, and a literature review and conservative estimate of spillage volume as a percentage of fines dredged.
This spilled volume was transported by representative current fields taken directly from NOAA recorded current
data for each segment. The amount of fines is very limited near the coastal waters and the currents are strong,
leading to long particle excursion distances and negligible sediment deposition thicknesses. In the interior of the
project, in general the currents are weaker and the percentage of fines increases. Fisherman’s Channel is the
exception where the percent fines is still small and currents are relatively strong leading to long excursion
distances and negligible sediment thicknesses. For the Lummus Island Turning Basin the percent fines increases
and current magnitude decreases leading to thicker sediment deposits that are confined close to the source.
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FIGURE A-1: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0802)
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FIGURE A-2: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-3: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0802)
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FIGURE A-4: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-5: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY

HOPPER DREDGE (MIH0802)
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FIGURE A-6: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-1 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY

HOPPER DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)

19



October 2018 Miami Harbor O&M Spillage Analysis

0 T T I
Max Distance = 5254 m
oL Final Distance = 4915 m
—
4 i
61 i
€
£ 8 N
Q
[
a)
10 [~ -
12~ -
14 -
16 = I | I & —
0 1000 2000 3000 4000 5000 6000

Total Distance Traveled (m)

FIGURE A-7: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0802)
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FIGURE A-8: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-9: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0802)
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FIGURE A-10: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-11: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY

HOPPER DREDGE (MIH0802)
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FIGURE A-12: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY

HOPPER DREDGE (MIH0802) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-13: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0803)
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FIGURE A-14: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0803) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-15: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0803)
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FIGURE A-16: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 48 FT WATER DEPTH BY
HOPPER DREDGE (MIH0803) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-17: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0803)
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FIGURE A-18: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-2 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0803) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-19: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0804)
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FIGURE A-20: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0804) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-21: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 46 FT WATER DEPTH BY
HOPPER DREDGE (MIH0804)
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FIGURE A-22: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 46 FT WATER DEPTH BY
HOPPER DREDGE (MIH0804) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-23: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0804)
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FIGURE A-24: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0804) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-25: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIHO0805)
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FIGURE A-26: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY
MECHANICAL DREDGE (MIH0805) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-27: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 46 FT WATER DEPTH BY
HOPPER DREDGE (MIH0805)
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FIGURE A-28: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 46 FT WATER DEPTH BY
HOPPER DREDGE (MIH0805) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-29: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0805)
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FIGURE A-30: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-3 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0805) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-31: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY

MECHANICAL DREDGE (MIH0808)
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FIGURE A-32: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 10 FT WATER DEPTH BY

MECHANICAL DREDGE (MIHO808) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-33: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 32 FT WATER DEPTH BY
HOPPER DREDGE (MIH0808)
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FIGURE A-34: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 32 FT WATER DEPTH BY
HOPPER DREDGE (MIH0808) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-35: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0808)
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FIGURE A-36: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN CUT-4 FOR A FINE PARTICLE RELEASED AT 25 FT WATER DEPTH BY
HOPPER DREDGE (MIH0808) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-37: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0812)
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FIGURE A-38: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0812) (AZIMUTH -37.5, ELEVATION 10)
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FIGURE A-39: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
32 FT WATER DEPTH BY HOPPER DREDGE (MIH0812)
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FIGURE A-40: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
32 FT WATER DEPTH BY HOPPER DREDGE (MIH0812) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-41: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
25 FT WATER DEPTH BY HOPPER DREDGE (MIH0812)
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FIGURE A-42: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
25 FT WATER DEPTH BY HOPPER DREDGE (MIH0812) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-43: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0813)
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FIGURE A-44: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
10 FT WATER DEPTH BY MECHANICAL DREDGE (MIHO813) (AZIMUTH -37.5, ELEVATION 10)
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FIGURE A-45: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
32 FT WATER DEPTH BY HOPPER DREDGE (MIH0813)
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FIGURE A-46: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
32 FT WATER DEPTH BY HOPPER DREDGE (MIH0813) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-47: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
25 FT WATER DEPTH BY HOPPER DREDGE (MIH0813)
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FIGURE A-48: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE MIDDLE TURNING BASIN FOR A FINE PARTICLE RELEASED AT
25 FT WATER DEPTH BY HOPPER DREDGE (MIH0813) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-49: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 10 FT
WATER DEPTH BY MECHANICAL DREDGE (MIHO0806)
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FIGURE A-50: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 10 FT
WATER DEPTH BY MECHANICAL DREDGE (MIHO806) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-51: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 46 FT
WATER DEPTH BY HOPPER DREDGE (MIH0806)
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FIGURE A-52: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 46 FT
WATER DEPTH BY HOPPER DREDGE (MIH0806) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-53: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 25 FT
WATER DEPTH BY HOPPER DREDGE (MIH0806)
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FIGURE A-54: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 25 FT
WATER DEPTH BY HOPPER DREDGE (MIH0806) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-55: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 10 FT
WATER DEPTH BY MECHANICAL DREDGE (MIHO0807)
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FIGURE A-56: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 10 FT
WATER DEPTH BY MECHANICAL DREDGE (MIHO807) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-57: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 46 FT
WATER DEPTH BY HOPPER DREDGE (MIH0807)
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FIGURE A-58: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 46 FT
WATER DEPTH BY HOPPER DREDGE (MIH0807) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-59: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 25 FT
WATER DEPTH BY HOPPER DREDGE (MIH0807)
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FIGURE A-60: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN FISHERMAN’S CHANNEL FOR A FINE PARTICLE RELEASED AT 25 FT
WATER DEPTH BY HOPPER DREDGE (MIH0807) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-61: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0809)
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FIGURE A-62: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0809) (AzIMUTH -37.5, ELEVATION 10)

47



October 2018 Miami Harbor O&M Spillage Analysis

Depth (m)

0 10 20 30 40 50 60 70 80
Total Distance Traveled (m)

FIGURE A-63: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 46 FT WATER DEPTH BY HOPPER DREDGE (MIH0809)
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FIGURE A-64: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 46 FT WATER DEPTH BY HOPPER DREDGE (MIH0809) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-65: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0809)
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FIGURE A-66: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0809) (AZIMUTH -37.5, ELEVATION 10)
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FIGURE A-67: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0810)
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FIGURE A-68: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0810) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-69: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 46 FT WATER DEPTH BY HOPPER DREDGE (MIH0810)
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FIGURE A-70: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 46 FT WATER DEPTH BY HOPPER DREDGE (MIH0810) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-71: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0810)
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FIGURE A-72: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE LUMMUS ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0810) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-73: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 10 FT WATER
DEPTH BY MECHANICAL DREDGE (MIH0811)
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FIGURE A-74: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 10 FT WATER
DEPTH BY MECHANICAL DREDGE (MIH0811) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-75: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 30 FT WATER
DEPTH BY HOPPER DREDGE (MIH0811)
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FIGURE A-76: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 30 FT WATER
DEPTH BY HOPPER DREDGE (MIH0811) (AzZIMUTH -37.5, ELEVATION 10)
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FIGURE A-77: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 25 FT WATER
DEPTH BY HOPPER DREDGE (MIH0811)
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FIGURE A-78: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN DODGE ISLAND FOR A FINE PARTICLE RELEASED AT 25 FT WATER
DEPTH BY HOPPER DREDGE (MIHO811) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-79: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIH0811)
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FIGURE A-80: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE

RELEASED AT 10 FT WATER DEPTH BY MECHANICAL DREDGE (MIHO811) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-81: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 30 FT WATER DEPTH BY HOPPER DREDGE (MIH0811)
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FIGURE A-82: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 30 FT WATER DEPTH BY HOPPER DREDGE (MIH0811) (AzIMUTH -37.5, ELEVATION 10)
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FIGURE A-83: 2D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0811)
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FIGURE A-84: 3D SEDIMENT PARTICLE EXCURSION LENGTH IN THE DODGE ISLAND TURNING BASIN FOR A FINE PARTICLE
RELEASED AT 25 FT WATER DEPTH BY HOPPER DREDGE (MIH0811) (AzIMUTH -37.5, ELEVATION 10)
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