
Zack Valerio, E.I., Moffatt & Nichol
Yong Chen, Ph.D., Moffatt & Nichol
Roland Samimy, Ph.D., Village of Key Biscayne

Presented by: Jackie Brower, Ph.D., PE, Moffatt & Nichol

Evaluating the 
Equilibrated Toe 
of Fill at Key 
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Scope of Work

〉 Moffatt & Nichol was retained by the Village of Key 
Biscayne (Village) to procure permits authorizing 
future beach nourishment events on Key Biscayne 
Beach.
〉 The Florida Department of Environmental 

Protection (FDEP) requires that the permittee 
conduct analyses demonstrating the proposed fill 
template does not directly, nor indirectly, impact 
the coastal ecosystem.
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Project Area

〉 Key Biscayne Beach, 
Miami-Dade County, 
Florida

〉 Adjacent to Crandon 
Beach Park and Bill 
Baggs Cape Florida 
State Park

〉 Project Area is between 
R-101 and R-108 within 
Miami-Dade County

〉 Characterized by a mild 
beach slope and 
nearshore seagrasses
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Nourishment History

〉 Key Biscayne Beach has a long history of 
documented beach nourishment events, as outlined 
by the Florida Department of Environmental 
Protection (FDEP’s) Strategic Beach Management 
Plan.
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Date 
Completed

Volume 
(cy)

Borrow 
Source Project Location Length (ft)

1987 420,000 Offshore R-101 to R-111 and 
R-112.3 to R-113.7 12,672

2002 121,100 Offshore R-101 to R-108 6,864
20081 2,400 Upland R-103 to R-107 3,960
2012 37,500 Upland R-101.3-R-107.6 6,336

May 2017 27,064 Upland R-101.7-R-107.8 6,336
April 2021 31,000 Upland R-102 to R-107.8 5,896

1. Dune only



Existing Seagrass Community

〉 Annual seagrass mapping in accordance with 
FDEP-approved Biological Monitoring Plan.

〉 Delineation of Western Edge
〉 Qualitative Seagrass Community Survey

〉 In general, western edge of seagrass is located in 
depths between -5 and -8 ft NAVD along project 
area shoreline, or within 150 feet from the shoreline.

〉 Presence of a persistent seagrass community.
〉 Shoal grass (Halodule wrightii)
〉 Turtle grass (Thalassia testudinum)
〉 Manatee grass (Syringodium filiforme)

〉 All seagrasses in the Florida Waters are federally 
protected.
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Beach Profile Equilibration

〉 Wave and current interaction following beach 
nourishment events cause beach profile equilibration.
〉 The construction fill template volume is redistributed 

offshore, creating a milder beach slope.
〉 Fill material is expected to be redistributed anywhere 

landward of the depth of closure.
〉 Based on methodology outlined by Dean & Grant 

(1989), the closure depth in the Miami area is 
approximately -14 feet relative to Mean Sea Level 
(MSL).

〉 Closure depth is seaward of western edge of 
seagrass boundary!
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Dean Equilibrium Beach Profile
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〉 Dean (1977) proposed that the equilibrium beach 
profile depends only on the sediment grain size.

〉 h = A y 2/3 
〉 h = Water depth
〉 A = Sediment scale parameter
〉 y = Cross-shore distance from shoreline

(0.30mm, A=0.186)

(0.55mm, A=0.248)



Profile Translation
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〉 This method involves translating the existing beach profile seaward and balancing volumetric losses from the 
proposed construction template with the equilibrated fill volume. 

MHW MHW
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Modified Dean’s Method

〉 Approach features elements from the Dean 
Equilibrium Profile and Translation Method

〉 Methodology accounts for the following:
〉 Existing beach profile
〉 Proposed construction template

〉 Fill volume density (cy/ft)
〉 Berm elevation (ft, MSL)

〉 Fill and native sand grain size (A-value; ft1/3)
〉 Native sand grain size: 0.186 (0.30 mm)
〉 Fill grain size: 0.248 (0.55 mm)

〉 Depth of Closure (ft, MSL)
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Modified Dean’s Method

〉 Additional dry beach width (Δy0) (ft)
〉     = Fill volume density (cy/ft)
〉 h* = Depth of closure (ft, MSL)
〉 B = Berm elevation, (ft, MSL)

〉 Beach Profile Types
〉 Intersecting Profiles

〉 Placed sand is coarser than native sand (AN < AF)
〉 Non-Intersecting Profiles

〉 Comparable grain sizes between placed and 
native sand (AN = AF)

〉 Submerged Profiles
〉 Placed sand is finer than native sand (AF < AN)
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Modified Dean’s Method

〉 Calculate difference in cross-shore 
distance (yF – yN)  at a particular 
depth contour
〉 hF = AF yF 2/3    &    hN = AN yN

 2/3

〉 Add calculated difference to the 
now translated “native” profile to 
estimate an equilibrated beach 
profile below MSL.
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How it Works  Starting Beach Profile
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Apply Translation Method
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Calculate (Δ : h) Relationship
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Apply (Δ : h) to 
Translated Profile 
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Apply below MSL 
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New ETOF Profile
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Calculated ETOF at Key Biscayne Beach
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Theory vs Actual
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Zack Valerio, E.I.
Coastal Associate
1601 Forum Place Suite 610
West Palm Beach, FL 33401

Thank you
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