
217
217
217

200
200
200

255
255
255

0
0
0

163
163
163

131
132
122

239
65
53

110
135
120

112
92
56

62
102
130

102
56
48

130
120
111

237
237
237

80
119
27

252
174
.59

“The views, opinions and findings contained in this report are 
those of the authors(s) and should not be construed as an 
official Department of the Army position, policy or decision, 
unless so designated by other official documentation.”

Particle Tracking Model
Prepared by Drew Condon, P.E., Ph.D. – Coastal Design Section
For Interagency Working Group
30 January 2018

PORT EVERGLADES 
NAVIGATION IMPROVEMENTS 
PROJECT

1



CURRENT MODEL
MIKE 3 – PARTICLE TRACKING (PT)
• 3D model used for modeling the transport of released 

sediment and to determine the fate of dissolved, 
suspended, and deposited substances

• Particles may settle with a constant settling velocity in the 
absence of other forces and settled particles may be re-
suspended

• Mass is attached to each particle, which can be reduced 
during the simulation due to decay
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CURRENT MODEL
MIKE 3 - PT
• Current PE model developed by Taylor Engineering under contract 

with Port Everglades

• Model was setup for the determination of the fate of suspended 
dredge material released into the water column in Port Everglades 
Harbor, Port Everglades Inlet, and nearby areas to help locate 
monitoring stations

• Intended applications per the Scope of Work include:
• As a tool for comparison of dredge methodologies
• Determine maximum likely extent of dredge plume for input into 

monitoring plan
• Deposition thickness can be inferred from results
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CURRENT MODEL
CAPABILITIES
• Model to model comparisons to evaluate dredge 

methodology

• Patterns and trends of the maximum likely areal extent of 
dredge plume

• Patterns and trends of sedimentation rates

4



CURRENT MODEL
UNCERTAINTIES
Data (~ 1 month of Hydrodynamic data collection)

Absent
• Hydrodynamic data in the nearshore / nearbed in project area
• Suspended sediment concentration and deposition

Limitations / Uncertainties
• Issues with data correction / accuracy 
• Large degree of uncertainty in the particle inputs based on geology, dredge methodology, location, 

vessel resuspension, etc.
Model

• No model validation for sediment transport / particle tracking
• No validation of near bottom currents in the nearshore
• Validation of water levels and currents questioned 
• Assumptions made in Boundary Conditions (BCs) for production runs

• Designed to provide insight into expected dredge footprint (north, south, and seaward 
extents) by varying the offshore currents, waves, and freshwater input

• Idealized, not real world, conditions; not quantified for percent occurrence

5
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POTENTIAL OPTIONS
1. Current Model: Continue with current model as a 

contribution in overall assessment given what has been 
previously discussed

2. Enhanced Model: Supplement current model with 
additional data and enhanced validation (for hydro and 
possibly sediment transport) to model additional dredge 
scenarios

3. New Model: Develop new model coupled with new 
hydrodynamic and sediment transport data collection
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ENHANCED MODEL
• Additional hydrodynamic data collection ~ $100k / month

• High level QC of data to ensure confidence
• Period of 1 + months

• Enhanced calibration and validation based on new data 
for better comparison to metrics proposed by IWG

• Additional Particle Tracking scenarios based on new 
hydraulic states with a statistical likelihood of occurrence 

• Schedule Impact: 4 – 6 months
• Budget: ~$500,000 (~1/3 model 2/3 data)
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NEW MODEL
• Data collection for extended period (up to 12 months) of 

hydrodynamics, waves, sediment transport (~$1.2m)

• Possible Sediment Tracer Study as stand-alone data report and to aid 
model validation (~$600k)

• Nested modeling approach utilizing regional and project scale models 
to capture large scale oceanographic features and nearshore
dynamics (~ $200k)

• Hydrodynamics, waves, and sediment transport

• Schedule Impact: Likely over 1 year – dependent on collection period
• Budget: up to ~$2 million
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CURRENT MODEL
CONFIDENCE

9

Hydrodynamics 
/ BCs

Source 
Strengths

PT Model

Areal Extent 
of 

Sedimentation

Relative 
Dredge 

Comparison

Deposition 
Thickness

Ambient 
Sediment 
Transport

Nearshore
CirculationConfidence

High ---- Low
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ENHANCED MODEL
CONFIDENCE
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NEW MODEL
CONFIDENCE
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COMPARISON SUMMARY 12

Inputs
Current 
Model

Enhanced 
Model

New 
Model

Outcome for Agencies

Hydrodynamics / BCs Better confidence model represents real conditions

Source Strength Little practical improvement outside of sensitivity 
analysis

Outputs
Current 
Model

Enhanced 
Model

New 
Model

Outcome for Agencies

Relative Dredge 
Comparison

Scenario to scenario comparison – answers 
questions on best methodologies to use

Areal Extent of 
Sedimentation

Limited by source strengths and BCs – answers 
questions on overall footprint

Deposition Thickness Limited by source strengths, resolution/scale, and 
BCs 

Ambient Sediment
Transport

Provides confidence in model validation, 
understanding of background sediment variability

Nearshore Circulation Confidence model reproduces hydrodynamics in 
area of interest and vertical levels of interest

Confidence

High ---- Low



EXPECTATIONS / CAVEATS
• Likely source of uncertainty in model results will be the particle data 

• Discharge source strength
• Size proportions
• Dredge locations / methods / sequencing

• Other source of uncertainty will be the boundary conditions of the 
model versus the actual conditions during the dredging period

• Model resolution ~10m horizontally (current model ~30m)

• Sediment transport / deposition thickness modeling is highly uncertain
• Typically more of a qualitative assessment to show trends
• Accuracy to the mm or cm should not be expected
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RESOLUTION / SCALE
DATA AND REALITY
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RESOLUTION / SCALE
MODEL
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RESOLUTION / SCALE
CROSS SECTION A-A’
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QUESTIONS AND 
DISCUSSION
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