
“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.” 

1 High Fines Content Beach Placement Project Case Studies 
Florida and Texas 

Empirical Formula to Estimate Borrow Sediment Ultimate Capability 

By Coraggio Maglio, P.E. CFM  
& Dr. Himangshu Das, PE 

 

US Army Corps Galveston 

Branch Chief H&H 
9 Feb 2018 



EGMONT KEY 2014/5 

• Two placements 

• 320K CY placed 

• 107 CY placed 

• +20% passing 230  

• Sediment monitoring 

• Grain Size 

• Color 

• Compaction 

Anna Maria Island 

St. Petersburg 

Egmont Key 

Tampa Bay Entrance Channel 

Cross Shore 

Swash Zone 

Placement 

North 

Traditional 

Placement 
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107K cy placed 

320K cy placed 

Traditional 

Beach 

Placement 

Cross Shore 

Swash Zone 

Placement 

UAV flight aerial 16  March 2015 

Image Courtesy of USACE Jacksonville District 

2014/5 DREDGING AND PLACEMENT 

DQM data 
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* Based on DQM and core boring data 

**Sampling occurred within 72 hours of placement completion 

Images Courtesy of GLDD 

FINES CONTENT 
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R19 

R21 

R25 

R23 

Accretion of dry beach 

Fines deposited in 
lower energy area 
at toe of fill 
mobilized in 5 mo. 

WHERE DID THE FINES GO? 
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R12 

R11 

R10 

Stable beach berm  
accretion in swash zone 

CCSZ PLACED FINES? 
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Cone 
Penetrometer 

• Increase in refusals due to shell hash areas 

Depth (in) 0"-6" 6"-12" 12"-18" 

Min (psi) 100 100 198 
Max (psi) 580 700 617 
Avg (psi) 293 406 457 

Median (psi) 295 431 515 

# samples 19 19 19 
Refusals 1 4 5 

% Refusal 5% 21% 26% 

Depth (in) 0"-6" 6"-12" 12"-18" 

Min (psi) 50 125 200 

Max (psi) 600 700 600 

Avg (psi) 328 482 436 

Median (psi) 300 500 500 

# samples 21 21 21 
Refusals 3 6 10 

% Refusal 14% 29% 48% 

Post-Placement 

WHAT ABOUT COMPACTION? 

Pre-Placement 
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*Measurements made with chart. Munsell color value<5 unacceptable for beach placement in Florida  

NOTES: Triplicate measurements of hue, value, and chroma were collected from three areas on each moist sand 

sample using a digital colorimeter (CR-400, Konica Minolta, Osaka, Japan).  

WHAT ABOUT COLOR? 



9 GALVESTON BENEFICIAL USE 2015/6 

Dredge Material entering the Hopper 

Beach Pump out  

94 samples collected on the dredge Terrapin Island – 2 loads 
• 35 Inflow  
• 59 overflow  
330 samples collected at the beach over 3 months by GLDD 
• Discharge slurry 
• Carrier water 
• Beach berm 

 

• Galveston Channel: 9.7%-99.5% fines 

•  Average: 38.1% fines 

• Post-fill: 1.14% fines  

• Minimal longitudinal dike used to capture 
placed materials basically CSSZ placement 
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                          January 2014                                                             January 2017 ~ 1yr Post Placement 

BABE’S BEACH 2015/6 
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Before 

After 15 December 2015 

BABE’S BEACH 2015/6 



12 GALVESTON BENEFICIAL USE 2015/6 

Post Placement Survey 
showing Elevation change 
immediately following the 
conclusion of the project  
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Coarsening effect 
from in-situ and 

Inflow to Berm  

GALVESTON BENEFICIAL USE 2015/6 

         Silt         Very Fine Sand   Fine Sand       Medium Sand   Course Sand                    Pebbles 

Cubic Yards (cy) % of Total

Dredged in Channel 642,279 100.0%

Pumped to Beach 537,185 83.6%

Surveyed on Beach 357,000 55.6%

Volumes Seawall 2015:

Inflow  
dredge 

Insitu Discharge 

Return 

Berm 

Shell hash 
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Depth in 
inches 0-6” 6-12” 

Min (PSI) 350 400 

Max (PSI) 600 650 

Avg (PSI) 475 525 

Median 475 525 

# of Samples 6 6 

Refusals 0 2 

% Refusals 0% 33% 

Depth in 
inches 0-6” 6-12” 12-18” 

Min (PSI) 100 400 450 

Max (PSI) 600 750 700 

Avg (PSI) 386.11 538.46 590 

Median 350 575 575 

# of Samples 21 23 9 

Refusals 3 5 4 

% Refusals 14% 22% 44% 

Depth in 
inches 0-6” 6-12” 12-18” 

Min (PSI) 400 550 600 

Max (PSI) 450 600 700 

Avg (PSI) 425 575 650 

Median 425 575 650 

# of Samples 2 2 2 

Refusals 0 0 0 

% Refusals 0% 0% 0% 

Pre-Fill  

Post Fill  Post Fill that has been reworked in the swash  

CONE PENETROMETER DATA 



WHAT ABOUT THE COLOR?  

15 

• Because 71% of insitu sediment is quartz sand  
• project experienced lightening effect and color change 
• due to the loss of fines during the dredging and 

placement process.  

Previously Placed  
Sediment  

Sediment w/fines in  
suspension  



16 GALVESTON, TX 2016 EGMONT KEY, FL 2015 

MINERALOGY 
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17 GALVESTON 2017 NOURISHMENT 

Barrow Area  

Placement 
Area  

RS Weeks 30” Cutter Suction Dredge 



18 GALVESTON NOURISHMENT 2017 – AERIAL  



19 GALVESTON NOURISHMENT 2017 - OPERATIONS 
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Phi (Sieve Size) 

Grain Size Distribution Gal. 2017 

BA Comp Native Comp Berm Comp

Shell  Course Medium     Fine      Very Fine Sand         Silt 

Finer sediment was trapped in the fill 
during the placement event primarily 
due to methodology  

Material Source D50 (mm) % Fines (200 Sieve)

Native Beach Sand 0.14* 2.9*

South Jetty Borrow Area 0.16* 9.2*

Post-Fill Samples 0.15 8.6

* data from HDR Design Memo dated 30 Nov 2015

Galveston Seawall Beach Nourishment 2017

GALVESTON 2017 – GRAIN SIZE 
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21 GALVESTON 2017 - PICTURES 

Erosion due to runoff 
  

Clay balls 

Escarpment  
• Fi 

Placement dikes  



22 APPLIED R&D – MUNSELL COLOR 
COLOR CHANGE PROPENSITY  

  R&D by: 

J. Berkowitz, A. Priestas, C. VanZomeren, Jodi Smith 
Problem? Dark materials 

not allowed 

Only Light materials 

applied to beach 

• Bulk color is due to: 

• % Dark minerals 

• Staining  

• % Dark Organics  

• Sediment Color Change is due to: 

• Bleaching 

• Mixing (Losses) 

• Abrasion  

5 1 



23 APPLIED R&D COLOR CHANGE PROPENSITY  
Problem - Dredged material color limits BU due to agency regarding turtle nesting and habitat concerns, etc. 
 

Objectives - Understand sediment color change capacity 

        - Develop predictive capability for color change to promote BU 

Category A - meets criteria in un-treated condition 

Category B1 - potential for rapid color change 

Category B2 - potential for color change over time 

Category C - low potential for color change 

R
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g
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  MD1 Category A FL1 Category B1 AL1 Category B2 CA1 Category C 

Treatment Value  Chroma Value  Chroma Value  Chroma Value  Chroma 

Untreated     X   X X X   

Carbonates     X   X X X   

Organic 
matter 

        X X X   

Amorphous 
Fe 

            X   

Crystalline Fe             X   

B
e
n
e
fi
c
ia

l 
u
s
e
 p

o
te

n
ti
a
l 

Category B1 Category B2 

A 
C 



24 DOES SILT DECREASE MUNSELL COLOR VALUE? 
Addition of 2-5% fines resulted in darkening beyond established color thresholds 

MIXING EFFECT 



25 UV LIGHT INDUCED COLOR CHANGE 

BLEACHING EFFECT 

Exposure to high intensity light resulted in color change within 4 weeks of exposure 



26 APPLIED R&D COLOR CHANGE PROPENSITY  

1. Synthesize bleaching, mixing, and chemistry effects into holistic 
model 

2. Develop predictive guidance  color change propensity 

Sample chemistry/ 

mineralogy 

Light exposure/ 

bleaching 

Sediment 

distribution/ mixing 

Holistic model of 

color change 

potential 



27 EMPIRICAL FORMULA TO ESTIMATE BORROW 
SEDIMENT ULTIMATE CAPABILITY 

MAGLIO AND DAS FORMULA 

• Given 
• Dredged sediment dramatically changes during the dredging and placement process  
• Every dredge project is highly variable: in terms of its operations 
• Formula non-dimensional  

 

• Based on previous work and field observations 
• A few key parameters appear to control sediment changes 
• Number of times material was slurried (washed)  
• Slope of the discharged return water channel on the beach (velocity) 
• Sediment fall velocity (sedimentation) 

• Specific gravity 
• Size of particle 
• Shape factor 
• Salinity 
• Temperature 



28 MAGLIO AND DAS FORMULA FOR EMPIRICAL 
DREDGED SEDIMENT CHANGE 

 

% Loss = 𝑋𝑒(−10(2𝜎−1) 𝑅𝑆) 
 

X = No. of times sediment slurried 
S = Berm Slope  
R = Shape Factor adj. Particle Reynolds No. 
    = Rep * Z  , for sphere, Z = 1 

                 

             𝑹𝒆𝒑 = (𝟏 + 𝟎. 𝟐𝟐𝟐
𝑺−𝟏 𝒈𝒅𝟑

𝟏𝟔𝝊𝟐 )0.5-1 
           

 S = Specific Gravity of sediment 
 𝜐 = Kinematic viscosity of water (m2/s) 
 d = Nominal diameter (m) 
                g = acceleration of gravity = 9.81 m/s2 

 Z = Shape Factor Adjustment (Fitted) 
    = [0.16 ln(d) +1.7] * SF 
 SF = Shape factor ( 0.3 to 1.0) 
 

         𝜎 = sediment sorting parameter  

 

 

                  𝜎 =
𝜙84−𝜑16

4
+

𝜙95−𝜑5

6.6
 

 

 𝜎 < 0.5 𝑊𝑒𝑙𝑙 𝑠𝑜𝑟𝑡𝑒𝑑 ;  
𝜎 =  0.5 − 1.0 𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒𝑙𝑦 𝑠𝑜𝑟𝑡𝑒𝑑 ;  

𝜎 = 1 − 2 𝑃𝑜𝑜𝑟𝑙𝑦 𝑠𝑜𝑟𝑡𝑒𝑑 ;  
 



MAGLIO AND DAS FORMULA FOR EMPIRICAL 
DREDGED SEDIMENT CHANGE   

                                       % Loss = 𝑋𝑒(10(1−2𝜎) 𝑅𝑆) 
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31 
EMPIRICAL FORMULA TO ESTIMATE SEDIMENT CAPABILITY 

 
MAGLIO AND DAS FORMULA 

  

• Next step Beaches 
and Shores Article 

• Conduct sensitivity 
analysis of factors 

• Provide data to peers 
for validation  

• Journal publication 

R² = 0.9671
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32 SUMMARY AND CONCLUSIONS 

Sediment Sampling 
• Grain Size indicates significant “fines” losses during dredging process 

 - If allowed for in operations 

• Fine material post-placement located at the toe of the fill  

 - Mobilized during high energy events 

• Munsell Color similar to pre-conditions 

• Compaction similar to pre-conditions 

 

Predictive Capabilities 
• ERDC working on sediment color change potential, 3rd year, to assist BU acceptance 

• Maglio-Das empirical formula appears to have significant promise  
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QUESTIONS? 
 

 

 

Contact: 

Coraggio Maglio 

Coraggio.Maglio@usace.army.mil 

 

 


