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4233 Rhoda Drive 
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USA 

Coastal Protection and Restoration Authority 
150 Terrace Ave 
Baton Rouge, LA 70802 
USA 

March 27, 2020 

Dear Ms. April Newman, 

Fugro USA Land, Inc. (Fugro) is pleased to present our geotechnical engineering report for the Mid 
Breton Land Bridge Marsh Creation and Terracing Project. Ms. April Newman, project manager for the 
Coastal Protection and Restoration Authority (CPRA), requested this study via an email to Mr. Eric Marx, 
P.E., on August 21, 2019. We performed our services in accordance with Fugro Proposal No. 
04.55194052_rev1, dated September 9, 2019.  

The following report presents geotechnical engineering evaluations and results for proposed marsh 
creation areas and earth containment dikes.  A geotechnical data report (Fugro, 2020) summarizes data 
collection.  We appreciate the opportunity to provide are services to CPRA on this project. Please contact 
us if you have any questions or comments concerning this report. 

Yours faithfully, 

 
Samuel M. Bryant, P.E. 
Vice President 

           
Eric R. Marx, P.E.          
Vice President 
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1. Introduction 
1.1 Project Description   

The Coastal Protection and Restoration Authority (CPRA) is proposing to create about 500 acres 
of marsh and provide erosion protection using terrace dikes. The project is located as shown on 
Plate 1; both the Borrow Area and Terrace/Marsh Creation Area are shown on Plate 1..  

Explorations performed by Fugro (2020) for the project, along with the approximate boundaries 
of the borrow area and fill sites are located as shown on Plates 2a for the Borrow Area and Plate 
2b for the Terrace/Marsh Creation Area.  

Five (5) marsh fill sites are designated Marsh Creation Area 1 through 5 (MC1 to MC5). Marsh will 
be created by dredging from Lake Lery and placing into the designated fill sites once earthen 
containment dikes (ECDs) are constructed around the marsh creation perimeters. 

Four (4) terrace areas are designated Terrace Areas 1 through 4 (T1 to T4). Terraces will consist of 
earth dikes constructed using materails excavated from nearby trenches, similar to how ECDs are 
constructed. 

Subsurface profile sections are presented on Plate 3a for the Borrow Area and on Plates 3b and 
3c for the Terrace/Marsh Creation Area. 

1.2 Purpose and Scope  
The purpose of the geotechnical engineering study was to: 1) develop geotechnical engineering 
parameters needed for evaluations, 2) perform slope stability evaluations to develop ECD and 
terrace dike configurations, and 3) estimate settlement for marsh areas, including self-weight 
compression of dredge fill materails, and for containment and terrace dikes.  

1.3 Authorization and Personnel 
Ms. April Newman is the CPRA project manager; Mr. Chris Scalco, is the CPRA designer.  Mr. Eric 
Marx, P.E., is the Fugro Project Manager, and Mr. Sam Bryant, P.E., is the Fugro technical lead.  

1.4 Report Applicability 
Evaluations developed herein are based on explorations, laboratory testing, findings, and 
conclusions presented Fugro (2020). Observations, evaluations, conclusions, and 
recommendations presented herein may not apply to locations beyond explorations presented 
in Fugro (2020) and beyond project boundaries. 
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If there are differences or changes in project location or design features from those described 
herein, Fugro should be authorized to review changes, propose additional exploration and/or 
propose additional laboratory testing if deemed appropriate.   

Fugro prepared this report exclusively for CPRA to guide geotechnical aspects of design and 
construction of the proposed features. The study was conducted using the standard level of care 
and diligence normally practiced by recognized engineering firms now performing similar 
services under similar circumstances in the area.  This report, including all illustrations and 
appendices, should be used in its entirety.  This report should be made available for information 
only and not as a warranty of subsurface conditions. 

2. Subsurface Conditions 
Subsurface conditions are generally described and presented in Fugro (2020).  Subsurface cross-
sections are presented as Plates 3a to 3c.  Earth materials encountered at the borrow area 
explorations consist primarily of clays with organic clay and peat layers present from the mudline 
to a depth of about 20 feet. The terrace and marsh creation explorations consist primarily of 
clays with interbedded sand and silt layers of varying thickness. Near the surface, earth materials 
consist of organic clay and peat layers from the mudline to a depth between 2 to 6 feet.   

3. Parameter Synthesis 
3.1 Introduction 

Appendix A presents a synthesis of material characteristics and engineering properties using 
field exploration and laboratory data from Fugro (2020).  

3.2 Foundation Soils 
3.2.1 State Conditions 

A plasticity chart for Atterberg limits is presented on Plate A-2. Atterberg limit and moisture 
content data verus elevation are presented on Plate A-3. Total unit weight data versus elevation 
are presented on Plate A-4. Dry Density and void ratio versus elevation are presented on Plate A-
5. The red trend line on Plate A-4 for total unit weight was used for evalutions. 

3.2.2 Undrained Shear Strength and Preconsolidation Pressure 

Undrained shear strength data, su, including unconsolidated-undrained (UU) triaxial and 
minivane data, as well as a comparison with CPT-interpreted shear strength data, are presented 
on Plate A-6.  The red trend line labeled “su Trend” on both plots on A-6 was used for 
evaluations. The “(su/p)nc *σ’” line was computed using 0.3 times the estimated effective vertical 
stress versus depth/elevation using the unit weight trend shown on Plate A-4. CPT-interpreted 



Coastal Protection and Restoration Authority 

04.55194052 02 | Geotechnical Engineering Report for Mid Breton Land Bridge Marsh Creation and Terracing Project 
Page 3 of 10 

shear strength was estimated using the total unit weight varation shown on Plate A-4 along with 
a Nk factor of 15. 

Plate A-7 presents estimated preconsolidation pressures from consolidation tests and 
overconsolidation ratios (OCR) versus elevation.  The effective stress, “σ’” trend was computed 
using the unit weight profile shown on Plate A-4.   

The preconsolidation pressure, “p’p Trend”, was developed by dividing the su red trend line on 
Plate A-6 by and (su/p)nc of 0.3, the same value used to estimate the normally consolidated su 
trend on Plate A-6. 

Plate A-8 compares the interpreted p’p trend developed from consolidation and strength tests to 
cpt-interpreted p’p.  Overconsolidation ratios(OCR) versus elevation are compared on Plate A-9.   

Plate A-8 compares the OCR trend to the CPT interpreted OCR data. 

Plate A-9 compares the “p’p Trend” to CPT-interpreted preconsolidation pressure and 
consolidation test interpreted p’p data.  

Explanatory notes regarding how undrained shear strength, OCR and preconsolidation pressure 
were estimated are presented on Plate A-10.  A legend for cpt data shown on Plates A-8 and A-9 
is also included on Plate A-10. 

3.2.3 Compressibility and Permeability 

Plates A-11, A-14, A-17, and A-20 summarize foundation soil consolidation test results in terms 
of vertical strain versus log stress.  The graphs are separated into fat clay (CH), lean clay (CL), silt 
(ML), and organic clay (CHO, OH, PT) materials.  Interpreted average compression ratios, Cε, are 
noted in the lower left-hand corner of Plates A-11, A-14, A-17, and A-20.  

Consolidation test data in terms of void ratio versus log stress and log permeability are 
presented on Plates A-12, A-15, A-18, and A-21.  The black straight lines shown on the void ratio 
versus log stress are based on compression indices, Cc, developed from compression ratios for 
normally consolidated conditions.  The red straight lines for the void ratio versus log 
permeability plots are based on computing a fit line through consolidation test data by iterating 
both the slope of the void ratio versus log permeability, Ck, and a void ratio to set the vertical 
location of the fit line. 

Void ratio versus permeability data were developed from coefficient of consolidation and 
coefficient of volume compressibility from displacement versus time plots for individual loading 
increments from consolidation tests.  Permeability was developed as a function of void ratio, not 
stress; hence is independent of consolidation state, i.e., normally or over-consolidated. 
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Tabulated results for trend lines shown on Plates A-12, A-15, A-18, and A-21 are shown on Plates 
A-13, A-16, A-19, A-22. 

Compression ratios and indices for the different materials are summarized on Plate A-23.  A ratio 
of coefficient of secondary compression to compression ratio was selected as 0.03 using the 
correlation shown on Plate A-23 from Brandon, et al, (2011a). 

3.2.4 Drained Shear Strength Parameters 

Plate A-25 presents Brandon (2014) correlations for drained friction angle and material type. 
Friction angles range from 24 to 32 for material types ranging from organic fat clay (CHO) to 
peat (PT). A drained friction angle of 27 degrees was selected for evaluations, as applicable.  

3.2.5 Bulking factors 

Bulking factor, as defined herein, is the ratio between saturated soil volume placed in ECD areas 
to the insitu saturated soil volume characterized from borings near trench borrow areas.  Plate A-
5 presents void ratio and moisture content for marsh area borings.  Plate A-25 presents 
estimates for bulking factors, which range from about 1.3 to 1.7. 

3.3 Borrow Area, Dredge Fill Soils 
Water content, dry density, and void ratio versus elevation for borrow area borings, B-1 to B-8 
are presented on Plate A-28.  

Column settling test data and self-weight consolidation test data for the composite sample from 
offshore borrow area borings are presented in the Fugro (2020) data report.  

Consolidation data from the self-weight consolidation tests are presented on Plates A-30 and A-
31 along with trend lines used as PSDDF input (Stark, 2014).  Tabulated results are shown on 
Plate A-32.  An initial void ratio for dredge fill materials was set at 6.0 based on information from 
the column settling tests and from the Stark et. al. (2005) correlation with plasticity index.   

3.4 Design Soil Profiles 
Plate A-34 shows how the project site was partitioned into areas with similar subsurface 
conditions.  The partitioned areas were developed based on review of exploration logs (both 
cpts and borings) and parameter synthesis. 

Plate A-35 shows what explorations were included in each partitioned area, along with mudline 
elevations for each exploration,interpreted thicknesses of the peat/organic (PT/OH), and 
interpreted bottom elevations of peat/organic materials.  Average, maximum, minimum mudline 
and PT/OH bottom elevations are also noted in Plate A-35.  Plate A-36 presents explanatory 
notes regarding variations in peat/organic clay thicknesses, bottom elevations, and how shear 
strength and unit weight variations were used for evaluations.   
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Design profiles for the partitioned areas are presented on Plate A-37. 

4. Slope Stability 
Slope stability analyses were performed to develop dike geometries that satisfy target factors of 
safety. Evaluations are presented in Appendix B.  Slope stability analyses were performed using 
SLOPE/W (Geo-Slope International (2017).  Analyses were performed using Spencer’s method, 
which uses a constant interslice shear force/interslice normal force ratio; entry-exit search ranges; 
water-filled tension crack lines, as needed to eliminate interslice normal forces near upslope 
slices; and optimization of circular failure surfaces to non-circular failure surface. 

CPRA guidance for ECDs and borrow trench geometry is presented on Plates B-2 and B-3. Based 
on Plate A-35, mudlines at El-1 and -2.3 ft were used to bracket ECDs for slope stability 
evaluations. Slope stability evaluations were performed using the design profiles for the 
partitioned areas shown on Plate A-37. 

Unit weight versus elevation used for slope stability is presented on Plate A-4.  Undrained shear 
strength versus elevation used for slope stability is presented on Plate A-5. 

As shown on Plate B-7, dike geometries were modeled using 4H:1V side slopes, a crest width of 
5 ft, and a crest elevation at El +5 ft.  Borrow trench slopes were set at 2H:1V with bottoms at El-
10 ft, bottom width of 5 ft, and trench crests set at 25 ft from dike slope toes.   

Equipment used to construct dikes will apply a load to the bench between dike slope toes and 
borrow trench crests.  An equipment surcharge load of 260 psf was modeled between the dike 
slope toe to no closer than 5 ft from the borrow trench crest. 

An undrained shear strength of 90 psf and unit weight of 100 pcf was assigned to dike materials. 

4.1 Results  
Slope stability results are summarized on Plate B-8; graphical results showing slope geometry, 
mudline elevations, and failures surfaces with the lowest computed factor of safety follow Plate 
B-8. 

As noted on Plate B-2, a factor of safety no lower than 1.2 is required by CPRA.  Factors of safety 
for dikes summarized on Plate B-8 exceed 1.2.  Factors of safety for trench slopes with nearby 
equipment loads also exceed 1.2.  Potential failure surfaces for dikes do not extend below about 
El-15 ft. 

Plate B-30 presents a supplemental case for the MC1, MC2, MC5 partitioned area, where the 70 
pcf unit weight for peat/organic clay was extended to El-10 ft.  Plate B-8 indicates the factor of 
safety is the same, compare Case Names 03a_WithMarshOTc and 03a_WithMarshOtc (2). 
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5. Settlement Evaluations 
5.1 Introduction 

Appendix C presents settlement evaluations for dredge fill placement in marsh creation areas 
and dike settlement. PSDDF software (Stark 2014) was used for settlement analyses for marsh 
creation areas. Settle3D, Version 4.023 (Rocscience, 2019) was used to estimate dike settlement. 

5.2 Dredge Fill Settlement 
5.2.1 Methodology 

PSDDF uses one-dimensional, finite-strain consolidation theory to compute time-rate settlement 
for foundation soils and self-weight compression for dredge fill materials.  The program also 
models secondary compression and desiccation.  Scheduled fill lift thicknesses can be placed to 
simulate extended placement over days or months.  Dredge fill materials are modeled assuming 
initial vertical stresses at placement are zero for an assumed initial void ratio.  Drainage across a 
fill and foundation soil interface and across foundation soil interfaces is controlled by contrasting 
permeabilities between fill and foundation soils.  Drainage conditions at the base of a 
compressible soil profile is controlled by inputting a permeability and a drainage path to affect a 
desired boundary conditions, e.g., free-draining or no drainage.   

5.2.2 Input Parameters 

Settlement evaluations were performed using the design profiles presented on Plate A-37 for 
mudline elevations of El-1.0 ft and El-2.3 ft to bracket average mudline elevations. 

CPRA provided subsidence and sea level rise estimates, along with target marsh surface 
elevations, which are presented on Plate C-2.  Subsidence and sea level vertical movements are 
plotted on Plate C-3. 

Fill area and volumes for marsh creation areas are shown on Plate C-4.  Plate C-4 also presents 
estimated days for dredge fill placement. 

Foundation soil profile compressibility parameters are presented on Plate C-6, duplicated from 
Plate A-37, for seven layers developed for settlement evaluations.  PSDDF input for foundation 
soil compressibility and permeability consists of computed void ratio versus vertical effective 
stress and void ratio versus permeability tabulations shown on Plates C-7 through C-10 for the 
respective design profiles. 

PSDDF input for dredge fill is tabulated on Plate C-11, followed by plots of e-log p and e-log k 
on Plates C-12 and C-13. 

Saturation and desiccation limit input to PSDDF are presented on Plate C-12. 
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Per month rainfall and evaporation input for PSDDF is based on the referenced LSU Citrus Res 
Station, LA US station data shown on Plates C-15 and C-16. 

5.2.3 Results 

Marsh settlement computations using PSDDF were performed to develop settlement versus time 
curves to target marsh fill surfaces at El+0.8 ft to El +1.2 ft in 20 years.  CPRA provided the target 
marsh fill surface elevations to compare with 2041 surface elevations shown on Plate C-2. 

Plates C-18 and C-19 present plotted and tabulated results for the partitioned area MC1, 2, 5 
with an existing mudline at El -1.0 ft.  

Plates C-20 through C-21 present plotted and tabulated and plotted results for partitioned area 
MC1, 2, 5 with an existing mudline at El-2.3.  

Plates C-22 through C-23 present plotted and tabulated and plotted results for partitioned area 
MC3, 4 an existing mudline at El-2.3.  

Plates C-24 through C-25 present plotted and tabulated and plotted results for partitioned area 
MC1, 2, 5 with an existing mudline at El-2.3 and with the peat/organic compressibility and 
consolidation parameters extending to El-8.3 ft, 6 ft below the mudline.  Settlement is just a bit 
more than for Plates C-20 and C-21.  

The “Time” and “Lift No” columns in the tabulated results indicate the time span over which 
dredge fill placement was modeled, 45 days.  Fill lift thicknesses were iterated until the marsh fill 
surface at 20 years (2041) fell with in target ranges.  Total fill placed is noted at the bottom of the 
“Lift Thickness” column. 

Maximum dredge fill surface elevations shown on the plotte results range from about El+2.8 up 
to El+4.2 ft. 

The geatest uncertainty for settlement estimate lies with dredge fill compressibility and 
permeability characterization, as material characteristics can vary widely based on construction 
methods and borrow source variability. 

5.3 Dike Settlement 
5.3.1 Description 

ECD and Terrace Dike settlement estimates were computed for two dike configurations with 
mudlines at El-2.3 ft and El-1.0 ft using the more compressible soil profile for the partitioned 
area MC1, 2, 5, T1 East, T2, T3.  Mudline elevations are the same as those used for slope stability 
evaluations. Dike geometry is the same as configurations used for slope stability evaluations.   

Evaluations follow marsh area settlement evaluations in Appendix C, Plates C-26 to C-39.  
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Plate C-27 to C-33 present graphics showing how ECDs were modeled in Settle3D.  The graphics 
are for a mudline at El -2.3 ft, but the model characterization for ECDs and marsh extent are the 
same for two mudlines.  ECD configurations were adjusted for different mudlines to affect 4H:1V 
side slopes and an initial crest at El+5 ft.   

Plates C-27 to C-30 show plan and perspective views for an ECD with a mudline at El-2.3 ft.  Plate 
C-31 shows how an ECD embankment is modeled using the embankment designer in Settle3D. 
Plates C-32 and C-33 show general settings and how drainage was facilitated in Settle3D. 

Foundation soils were modeled in Settle3D using the parameters shown on Plates C-6.  Settle3D 
uses those parameters in lieu of tabulated e-log p and e-log k curves input into PSSDF. 
Recompression indices are input and used in the same manner in Settle3D and PSDDF.  Settle3D 
allows for inputting a Ck value to characterize e-log p variation from the initial void ratio. 

Immediate settlement resulting from rapid loading from embankment placement was 
incorporated into Settle3D using undrained modulus values estimated using Foote and Ladd 
(1981) and D’Appolonia et al (1971).  Es values shown subsequent input tables from Settle3D are 
equivalent undrained modulus estimates.  Foote and Ladd (1981, pg 1090, para 2) note the 
procedure is “very approximate.”  The undrained modulus estimate is largely a guess. 

5.3.2 Results 

Plate C-35 presents the Settle3D-computed settlement versus time curve for an ECD initial 
mudline at El-2.3 ft. Plate C-36 presents Settle3D soil parameter inputs for the partitioned MC1, 
2, 5, T1 East, T2, T3 area.  

Plate C-38 presents the Settle3D-computed settlement versus time curve for an ECD initial 
mudline at El-1 ft. Plate C-39 presents Settle3D soil parameter inputs.  

Plates C-35 and C-38 parse out different settlement components, immediate, recompression, 
virgin compression, and secondary compression that sum up to the total settlement curve.   

ECD embankment compression is not included in the settlement estimates.  Embankment 
compression is uncertain, as compressibility characterization of soft soil materials excavated via 
excavators and placed as dumped materials, likely left to dry out, and at some point tracked, is 
very uncertain.  Fill unit weight is also uncertain.  

Total settlement estimates for ECDs near time 0 are about 4.5 to 5.5 inches for either mudline 
case.  ECD crest elevations would then be on the order of El+4.5 ft early on during dredge fill 
placement. As marsh fill surfaces approach El+4 ft near the last lift placement at 45 days, 
freeboard may fall below 1 ft.  Dike crests should be maintained during marsh fill placement at a 
level that provides satisfactory freeboard.   
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Terrace dikes have similar geometry as for ECDs, except there is adjacent marsh fill near the dike.  
Terrace dike settlement should be similar to ECDs. 

The partitioned area, MC3, 4, T1 West, T4 East, includes a silt layer between El-10 and -5 ft, which 
is less compressible than the MC1, 2, 5, T1 East, T2, T3 area.  So dike settlement should be a bit 
less than estimated for MC3, 4, T1 West, T4 East area, 
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Marsh Creation and Terrace Areas
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Total Unit Weight versus Elevation
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Undrained Shear Strength versus Elevation, Laboratory and CPT‐Interpreted
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Estimated Vertical Effective Stress, Past Maximum Pressure, Overconsolidation Ratio versus Elevation
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Notes:
1) Estimate vertical effective stress as calculated from El‐3 ft to El‐35 ft, using total unit weight trend line.
2) Assume (su/p’)NC = 0.3.
3) Calculate p’p = trendline su/(su/p’)NC.
4) Plot calculate p’p versus elevation and compare to estimated stress and p’p values interpreted from consolidation tests.
5) Iterate (su/p’)NC until reasonable match is developed.
6) Overconsolidation ratio (OCR) = p’p /σ’. 
7) CPT‐interpreted past maximum pressure computed using Robertson and Cabal (2015), see excerpt above, with k = 0.25.  

Notes Regarding Estimated Past Maximum Pressure

Legend for CPT data on 
two previous plates.
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Consolidation Tests, Strain versus Log Stress, Fat Clay
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Consolidation Tests, Void Ratio versus Log Stress and Log Permeability, Fat Clay 
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Notes:
1) Trend lines shown in previous figure computed using values shown in red.
2) Trend lines are for normally consolidated conditions from a high initial void ratio.

Consolidation Tests, Tabulated Void Ratio versus Log Stress and Log Permeability, Fat Clay

Matl CH

Classif LL>65 or LL<105

eo 3.40

Cc 0.749 Ck/Cc

Cεc 0.170

Ck 0.560 0.748

σ e calc k calc
psf ft/day

1 1.0E+00 4.15 1.09E+00
2 3.0E+00 3.79 2.50E-01
3 1.0E+01 3.40 5.00E-02
4 3.0E+01 3.04 1.15E-02
5 1.0E+02 2.65 2.30E-03
6 3.0E+02 2.29 5.29E-04
7 7.5E+02 2.00 1.55E-04
8 3.0E+03 1.54 2.43E-05
9 1.0E+04 1.15 4.86E-06
10 3.0E+04 0.80 1.12E-06
11 1.0E+05 0.40 2.23E-07
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Consolidation Tests, Strain versus Log Stress, Lean Clay
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Notes:
1) Strain verse log stress data from consolidation tests.
2) Cεc dashed line interpreted slope for normally consolidated conditions.
3) Cεr dashed lines interpreted slopes for recompression.
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Consolidation Tests, Void Ratio versus Log Stress and Log Permeability, Lean Clay
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Consolidation Tests, Tabulated Void Ratio versus Log Stress and Log Permeability, Lean Clay

Notes:
1) Trend lines shown in previous figure computed using values shown in red.
2) Trend lines are for normally consolidated conditions from a high initial void ratio.

Matl CL
Classif LL<50

eo 1.55

Cc 0.250 Ck/Cc

Cεc 0.098

Ck 0.250 1.000

σ e calc k calc
psf ft/day

1 1.0E+00 1.800 4.00E-01
2 3.0E+00 1.681 1.33E-01
3 1.0E+01 1.550 4.00E-02
4 3.0E+01 1.431 1.33E-02
5 1.0E+02 1.300 4.00E-03
6 3.0E+02 1.181 1.33E-03
7 1.0E+03 1.050 4.00E-04
8 3.0E+03 0.931 1.33E-04
9 1.0E+04 0.800 4.00E-05
10 3.0E+04 0.681 1.33E-05
11 1.0E+05 0.550 4.00E-06
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Consolidation Tests, Strain versus Log Stress, Silt 
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1) Strain verse log stress data from consolidation tests.
2) Cεc dashed line interpreted slope for normally consolidated conditions.
3) Cεr dashed lines interpreted slopes for recompression.
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Consolidation Tests, Void Ratio versus Log Stress and Log Permeability, Silt

ML Material
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Consolidation Tests, Tabulated Void Ratio versus Log Stress and Log Permeability, Silt

Notes:
1) Trend lines shown in previous figure computed using values shown in red.
2) Trend lines are for normally consolidated conditions from a high initial void ratio.

Matl ML
Classif ML Trend

eo 1.15

Cc 0.127 Ck/Cc

Cεc 0.059

Ck 0.130 1.024

σ e calc k calc
psf ft/day

1 1.0E+00 1.277 2.84E+00
2 3.0E+00 1.216 9.73E-01
3 1.0E+01 1.150 3.00E-01
4 3.0E+01 1.089 1.03E-01
5 1.0E+02 1.023 3.16E-02
6 3.0E+02 0.962 1.08E-02
7 1.0E+03 0.896 3.34E-03
8 3.0E+03 0.835 1.14E-03
9 1.0E+04 0.769 3.52E-04
10 3.0E+04 0.708 1.20E-04
11 1.0E+05 0.642 3.71E-05
12 5.0E+05 0.553 7.70E-06
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Consolidation Tests, Strain versus Log Stress, Organic Clay 
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1) Strain verse log stress data from consolidation tests.
2) Cεc dashed line interpreted slope for normally consolidated conditions.
3) Cεr dashed lines interpreted slopes for recompression.
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Consolidation Tests, Void Ratio versus Log Stress and Log Permeability, Organic Clay 
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Consolidation Tests, Tabulated Void Ratio versus Log Stress and Log Permeability, Organic Clay

Notes:
1) Trend lines shown in previous figure computed using values shown in red.
2) Trend lines are for normally consolidated conditions from a high initial void ratio.

Matl CHO
Classif LL>150

eo 16.00

Cc 3.741 Ck/Cc

Cεc 0.220

Ck 2.500 0.668

σ e calc k calc
psf ft/day

1 1.0E+00 19.74 3.14E+00
2 3.0E+00 17.96 6.06E-01
3 1.0E+01 16.00 1.00E-01
4 3.0E+01 14.22 1.93E-02
5 1.0E+02 12.26 3.19E-03
6 2.17E+02 11.00 1.00E-03
7 1.0E+03 8.52 1.02E-04
8 3.0E+03 6.73 1.96E-05
9 1.0E+04 4.78 3.24E-06
10 2.0E+04 3.65 1.15E-06
11 5.0E+04 2.16 2.92E-07
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Summary of Compression Ratios and Indices

Matl Cεc Cεr Cεr/Cεc eo Cc Cα/Cc Cα

CH 0.227 0.051 0.224 2.30 0.749 0.030 0.022

CL 0.117 0.025 0.215 1.30 0.269 0.030 0.008

ML 0.065 0.012 0.179 0.95 0.127 0.030 0.004

CHO 0.267 0.041 0.155 13.0 3.741 0.030 0.112

Linear Trends from Strain vs log Stress Plots

Matl σ' ε σ' ε eo Cc

psf psf

CH 300 0.00 100 0.38

CH 65000 0.53 90000 0.53

Cεc 0.227 Cεr 0.051 2.30 0.749

CL 300 0.01 100 0.220

CL 90000 0.30 150000 0.300

Cεc 0.117 Cεr 0.025 1.30 0.269

ML 900 0.00 100 0.10

ML 90000 0.13 100000 0.13

Cεc 0.065 Cεr 0.012 0.95 0.127

CHO 30 0.00 100 0.73

CHO 70000 0.90 80000 0.85

Cεc 0.267 Cεr 0.041 13.0 3.741

Notes:
1) Consolidation data were plotted in terms of stain vs log p for material classifications, CH, CL, CHO (PT/OH) and ML.
2) Linear trend fits were developed using the information in the Linear Trends table to derive compression, Crc, and recompression, Crε, ratios.
3) Compression Cc, and recompression, Cr, indices were computed for selected void ratios from the consolidation tests.
4) Cα/Cc values were selected from Brandon et al, (2011), Fig 65, see next plate.
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Coefficient of Secondary Compression/Compression Ratio Correlation

Notes:
1) Figures 65 excerpted from Brandon et al (2011a).
2) Cα/Cc = 0.03 used for settlement evaluations.
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Drained Shear Strength Parameters, excerpted from Brandon (2011).

Note: A drained friction angle of 27 degrees 
suggested for slope stability analyses using 
drained strength parameters for fine grained 
soils.
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Marsh Creation Area Borings, Estimated Bulking Factors

Example Bulking Factor Calculations

Parameter Unit InSitu As Placed
Bulking 

Factor

mc % 50 50

e 1.3 1.3 1.00

Υd pcf 70.5 70.5

Υ pcf 105.8 105.8

mc % 50 60

e 1.3 1.6 1.11

Υd pcf 70.5 63.4

Υ pcf 105.8 101.4

mc % 50 70

e 1.3 1.8 1.23

Υd pcf 70.5 57.5

Υ pcf 105.8 97.8

mc % 50 90

e 1.3 2.3 1.45

Υd pcf 70.5 48.6

Υ pcf 105.8 92.3

Notes for Bulking Factors for Excavated Materials from Borrow Trenches in Marsh Creation Areas:
1) See trend line for void ratio versus elevation plot for marsh creation area borings.
2) Trenches will be excavated using extended excavator or clam shell methods.
3) Bulking factors are defined as the ratio between excavated and placed material soil volumes in 

containment dikes to the insitu soil volume in nearby borrow trenches.  
4) Void ratios for excavated and placed materials will likely be somewhat greater than for insitu

materials.  
5) Increased soil volume for excavated materials will depend on soil chunks and clod sizes, which 

will coalesce after placement and consolidate in the long term.  Some materials may fluidize, 
e.g., sand, as water is added during the excavation and placement process and run off dike 
construction slopes as they are constructed.

6) A bulking factor greater than 2 seems high, as that would mean a doubling of the soil volume 
between insitu and placement after excavation.

7) A bulking factor between say 1.1 (a 10% increase in volume) to 1.5 (a 50% increase in volume) 
seems more reasonable.

Υw 62.4 pcf

Gs 2.6

S 100 %
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Borrow Area Borings
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Moisture Content, Void Ratio, Dry Density, and Unit Weight versus Elevation, Borrow Area Borings
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Dredge Fill
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Borrow Area/Dredge Fill Material Void Ratio Versus Stress

Notes:
1) Red trendline used for PSDDF input.
2) Duwamish, PI=39; and CH, PI=50 data from Stark (2005) database.
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Borrow Area/Dredge Fill Material, Permeability Versus Void Ratio

Notes:
1) Red trendline used for PSDDF input.
2) Duwamish, 39 and CH, 50 data from Stark (2005) database.
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Tabulated Borrow Area/Dredge Fill Material, Compressibility and Permeability Input Plate A-32



Design Profiles
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Marsh Creation (MC) and Terrace (T) Partitioned Areas

Notes:
1) Marsh Creation Areas include Earth Containment Dikes 

(ECD) and dredge fill.
2) Terrace Areas include only ECDs to mitigate erosion. 
3) MC1, MC2, most of T1, T2, T3, the south end of T4, and 

MC5 have similar subsurface conditions, consisting primarily 
of clay.  Silty sand was encountered below about El‐25 to ‐
30 ft in MC1, MC2 and T1, whereas CPTs encountered silty 
sand  below about El‐32 to El‐33 ft in MC5.  Sand was not 
encountered in T4‐4.  Evaluations were performed for two 
mudlines at El‐1.0 ft and El‐2.3 ft.

4) West end of T1, MC3, east side of T4, MC3, and MC4 have 
similar subsurface conditions, consisting primarily of clay, 
but with a variable silty sand/silt interval ranging between 
El‐10 and ‐15 ft. Evaluations were performed for a mudline 
at El‐1 ft.
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Mudline Elevation and Peat/Organic Clay Thickness Evaluation

Partitioned 

Area

Exploration 

ID
Type

Mudline 

Elev

Remarks on 

Location

Selected 

Mudline Elev

PT/OH 

Bottom Elev

Estimated 

PT/OH 

Thickness

ft ft ft ft

MC1 MC1‐1  CPT ‐1.3 ‐2.8 1.5

MC2‐1  Boring ‐3.5 ‐5.5 2.0

MC2‐1‐2  CPT ‐3.2 ‐5.2 2.0

MC2‐2  Boring ‐2.1 ‐5.1 3.0

MC2‐2‐2  CPT ‐2.3 ‐2.3 0.0

MC2‐3  CPT ‐1.3 ‐2.3 1.0

MC2‐4  CPT ‐5.5
Middle of channel, 

east side of MC2.
‐11.5 6.0

T1‐2  CPT ‐2.2 ‐3.5 1.3

T1‐3  Boring ‐2.1 ‐6.1 4.0

T1‐3‐2  CPT ‐1.9 ‐4.4 2.5

T2 T2‐4  CPT ‐2.5 ‐4.5 2.0

T3‐1  Boring ‐2.2 ‐8.2 6.0

T3‐1‐2 CPT ‐2.3 ‐7.8 5.5

T3‐2  CPT ‐1.6 ‐3.6 2.0

T4 South T4‐4  CPT ‐1.9 ‐3.4 1.5

MC5‐1  CPT ‐1.9 ‐3.9 2.0

MC5‐6  Boring ‐3.1 ‐7.1 4.0

MC5‐6‐2  CPT ‐3.1 ‐6.1 3.0

MC5‐8  CPT ‐4.8
Middle of channel, 

east side of MC5.
‐5.6 0.8

MC5‐11  CPT ‐1.9 ‐3.9 2.0

Average ‐2.5 ‐5.1 2.6

Max ‐1.3 ‐1.0 ‐2.3 6.0

Min ‐5.5 ‐2.3 ‐11.5 0.0

Std Dev 1.1 2.3 1.7

MC2

T1 East

T3

MC5

T1 West T1‐1  CPT ‐3.2 ‐5.0 1.8

MC3‐4  CPT ‐1.9
Along side of 

channel.
‐2.9 1.0

MC3‐7  CPT ‐1.6
In channel 

entering pond.
‐3.1 1.5

MC3‐9  Boring ‐2.4 In channel. ‐4.4 2.0

MC3‐9‐2  CPT ‐2.3 In channel. ‐4.1 1.8

MC3‐11  CPT ‐2.0
Along side of 

channel.
‐4.0 2.0

MC3‐14  CPT ‐3.2 In channel. ‐5.7 2.5

MC3‐20  CPT ‐1.3 ‐3.3 2.0

T4 East T4‐2 CPT ‐1.4 ‐4.4 3.0

MC4‐3  Boring ‐2.8 ‐7.3 4.5

MC4‐3‐2  CPT ‐3.1 ‐5.6 2.5

MC4‐11  CPT ‐3.0 ‐5.0 2.0

Average ‐2.4 ‐1.0 ‐4.6 2.2

Max ‐1.3 ‐2.9 4.5

Min ‐3.2 ‐7.3 1.0

Std Dev 0.7 1.3 0.9

MC4

MC3

All Average ‐2.5 ‐4.9 2.5

Max ‐1.3 ‐1.0 ‐2.3 6.0

Min ‐5.5 ‐2.3 ‐11.5 0.0

Std Dev 1.0 1.9 1.4
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Mudline Elevation and Peat/Organic Clay Evaluation, Notes

Notes:
1) Partitioned areas with interpreted similar subsurface conditions are shown on previous plate.
2) "Mudline Elev" values in red indicate highest and lowest elevations in "Partitioned Area“ based on exploration mudlines.  No topographic 

survey of the project site is available.
3) Area MC2 has the deepest interpreted PT/OH bottom elevation, and several other areas have interpreted bottom elevations below El‐5 ft.
4) Peat (PT)/Organic Clay (OH) bottom elevations in red indicate deeper bottom elevations for explorations in the "Area" noted.
5) Plots of moisture content, Atterberg limits, total unit weight data, see plates herein, suggest materials have higher moisture, higher liquid 

limits, greater plasticity indices, and lower unit weights above about El‐5 to ‐7 ft; profiles were developed for an idealized PT/OH bottom at 
El‐5 ft.

6) Undrained shear strength trends, see plates herein, suggest more of an increasing shear strength versus elevation trend, rather than 
constant strength values over an elevation range.  The undrained shear strength versus elevation trend used for evaluations was developed 
with a bias more towards UU test data although minivane data was used to augment the trend.  Undrained shear strength interpreted from 
CPT data falls in line with the interpreted strength trend developed from laboratory data.

7) Although PT/OH bottom elevations may extend below El‐5 ft, suggesting lower unit weights should be used, the developed undrained
strength trend accommodates shear strength data below El‐5 ft.  

8) As unit weight changes below El‐5 ft might be in order to accommodate lower PT/OH bottom elevations, slope stability evaluations using 
undrained strength would not be affected much, as undrained shear strength is independent of changes in total stress for a horizontal 
mudline.

9) Slope stability evaluations were performed using the mudline elevations noted in the "Selected Mudline Elev" column.
10) The PT/OH interpreted elevation range for T3 was used to develop a profile with mudline at El‐2.3 ft and 6 ft of PT/OH, bottom at El‐8.3 ft.  

MC2‐4 has a deeper PT/OH bottom elevation, but the exploration falls in the middle of what appears to be a dredged channel, see 
exploration plan.

Plate A-36



Foundation Soil Profiles

Applicable 

Areas

Matl 

ID
Classif Thick. γ eo Cc Cr/Cc Cr Cα/Cc k at eo

Ck=

Δe/log(keo/ke)
Nom su Eu/su Eu

top bottom ft pcf top bottom ft/day ksf ksf

7 PT/OH ‐1 ‐5 4 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.00 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.00 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐5 2.7 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐5 2.7 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 ML/SM ‐10 ‐15 5 110 0.53 0.67 1.10 0.127 0.179 0.023 0.030 1.24E‐01 0.130 0.20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐8.3 6 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐8.3 ‐10 1.7 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

p'p, ksf

MC1, 2, 5; 

T1 East, T2, 

T3

MC3, 4; T1 

West, T4 

East

Elev, ft

MC1, 2, 5; 

T1 East, T2, 

T3

MC1, 2, 5; 

T1 East, T2, 

T3

Notes:
1) Mudline elevations are the first"Elev, top" value.
2) El‐35 ft is maximum depth explored and is defined as an incompressible base in PSDDF and Settle3D.
3) Material ID 5 in MC3, 4, etc., areas modeled as sand for slope stability and silt for settlement.
4) "k at eo" is the permeability at the initial void ratio, eo.
5) "Ck" is the slope of the e‐log k curve.
6) "Nom su," "Eu/su," used to estimate undrained modulus, Eu, for immediate settlement estimates in Settle3D.
7) Some parameter inputs in Settle3D allow for depth dependency; parameters values with top and bottom elevation intervals were 

used, e.g., p'p.

Plate A-37



Coastal Protection and Restoration Authority 

04.55194052 02 | Geotechnical Engineering Report for Mid Breton Land Bridge Marsh Creation and Terracing Project 
Appendix B | Page 1 

 
 

 

  

Appendix B  

Slope Stability 



CPRA Guidance

Plate B-1



CPRA (2017) Figure B‐5, Typical Earth Containment (ECD) Geometry

Notes:
1) Selected trench bottom at El‐10 ft.
2) Trench bottom width, 5 ft.
3) Trench side slopes: 2H:1V. 
4) Dike crest width, 5 ft.
5) Trench crest offset from dike toe, 25 ft.
6) Dike side slopes, 4H:1V.
7) Equipment load placed no closer than 5 ft behind trench crest hinge point.

Plate B-2



CPRA (2017) Table B‐5, Earth Containment Dike Geometries  Plate B-3



Unit Weight and Undrained Shear Strength for Foundation Soils

Note: Red trend line for unit weight used for slope stability analyses; 
legend included on graphics plates shows tabulated unit weights.

Color Name Model Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion
Fn

Phi'
(°)

Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1
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Results
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Dike Geometries Used for Slope Stability Evaluations

Area
Crest 
Elev

Mudline 
Elev

Height
Crest 
Width

Side 

Slope

Base 

Width

Half 

Width

Side 

Slopes

Base 

Elev

Base 

Width

ft ft ft ft H:1V ft ft H:1V ft ft

Applies to MC3, MC4, 

T1 West, T4 East
5.0 ‐2.3 7.3 5.0 4 63.4 31.7 2 ‐10 5

Applies to MC1, MC2, 

MC5, T1 East, T2, T3
5.0 ‐2.3 7.3 5.0 4 63.4 31.7 2 ‐10 5

Applies to MC1, MC2, 

MC5
5.0 ‐1.0 6.0 5.0 4 53.0 26.5 2 ‐10 5

Dike Borrow Trench

Plate B-7



Summary of Slope Stability Evaluations

Notes:
1) Water surface at El 0 ft.
2) Dike materials consist of clay borrow.
3) Unless otherwise noted, Spencer's method, as programmed in SLOPE/W, used for all analyses; only optimized failure surfaces are presented.
4) If Tension Crack "yes," then water‐filled tension crack line was needed to eliminate negative interslice normal forces and/or base normal forces for dike.
5) Vertical equipment surcharge = 260 pcf x 1 ft, placed no closer than 5 ft behind trench crest; probably too high for equipment sitting below water level.
6) Target factor of safety = 1.2.

File/Area Case Name Condition
Mudline 

Elev
Crest 
Elev

Tension 

Crack

Tension 

Crack Base 

Elev

Factor of 

Safety
Failure Surface Location

ft ft ft

MCA3,4_EL‐2.30_ConstUW 01a_CurOTc ECD w/o marsh fill ‐2.3 5.0 Yes 3.0 1.25 Entry and exit in ECD fill.

02a_CurTrenchOTc ECD w/o marsh fill ‐2.3 5.0 Yes 3.0 >1.68 Forced failure surface exit at trench crest.

03a_WithMarshOTc ECD w/ marsh fill ‐2.3 5.0 Yes 4.0 1.28 Entry at crest; exit near ECD toe.

04a_WithMarshTopOTc ECD w/ marsh fill to the top ‐2.3 5.0 Yes 4.0 1.28 Entry tags marsh fill; exit near ECD toe.

05b_TrenchO_MP Trench slope, no marsh fill ‐2.3 5.0 No 2.76
Spencer solution has negative effective stresses in sand near 

trench toe.  Used Morgenstern‐Price method to resolve.

11a_Trenchw/EquipO Trench slope w/ equip load ‐2.3 5.0 No 1.75 Entry between ECD and trench crest, exit in trench bottom.

MCA1,2,3_EL‐2.30_ConstUW 01a_CurOTc ECD w/o marsh fill ‐2.3 5.0 Yes 3.0 1.35 Entry and exit in ECD fill.

02a_CurTrenchOTc ECD w/o marsh fill ‐2.3 5.0 Yes 3.0 1.91 Forced failure surface exit at trench crest.

03a_WithMarshOTc ECD w/ marsh fill ‐2.3 5.0 Yes 4.0 1.28 Entry at crest; exit near ECD toe.

04a_WithMarshTopOTc ECD w/ marsh fill to the top ‐2.3 5.0 Yes 4.0 1.28 Entry tags marsh fill; exit near ECD toe.

05a_TrenchO ECD w/o marsh fill ‐2.3 5.0 No 3.86 Entry between ECD and trench crest, exit in trench bottom.

11a_Trenchw/EquipO Trench slope w/ equip load ‐2.3 5.0 No 1.80 Entry between ECD and trench crest, exit in trench bottom.

MCA1,2,5_EL‐1.0_ConstUW 01a_CurOTc ECD w/o marsh fill ‐1.0 5.0 Yes 3.5 1.34 Entry and exit in ECD fill.

02a_CurTrenchOTc ECD w/o marsh fill ‐1.0 5.0 Yes 3.5 1.92 Failure surface forced toe exit at trench crest.

03a_WithMarshOTc ECD w/ marsh fill ‐1.0 5.0 Yes 2.5 1.21 Entry at crest; exit near ECD toe.

04a_WithMarshTopOTc ECD w/ marsh fill to the top ‐1.0 5.0 Yes 4.0 1.26 Entry tags marsh fill; exit at ECD toe.

05a_TrenchO ECD w/o marsh fill ‐1.0 5.0 No 3.79 Entry between ECD and trench crest, exit in trench bottom.

11a_Trenchw/EquipO Trench slope w/ equip load ‐1.0 5.0 No 1.95 Entry between ECD and trench crest, exit in trench bottom.

03a_WithMarshOTc (2) ECD w/ marsh fill ‐1.0 5.0 Yes 2.5 1.21
γ=70 pcf from El‐1 to ‐10 ft to model deeper PT/OH bottom.  

Entry at crest; exit near ECD toe.

Areas: MC3, MC4, T1 West, T4 

East

Areas: MC1, MC2, MC5, T1 

East, T2, T3

Areas: MC1, MC2, MC5

Plate B-8



Earth Containment Dike
Crest at El+5 ft

Mudline at El‐2.3 ft
4H:1V Side Slopes

MC3, MC4, T1 West, T4 East Profile

Plate B-9



Earth Containment Dike Stability

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Cohesion
(psf)

Cohesion
Fn

Phi'
(°)

Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

Sand Mohr-Coulomb 115 0 30 1

File Name: MCA3,4_EL-2.30_ConstUW.gsz
Name: 01a_CurOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes
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Containment Dike Stability to Trench

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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(pcf)
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Cohesion
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Phi'
(°)

Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

Sand Mohr-Coulomb 115 0 30 1

File Name: MCA3,4_EL-2.30_ConstUW.gsz
Name: 02a_CurTrenchOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes
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Earth Containment Dike Stability With Marsh

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Fn

Phi'
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Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

Marsh Fill Undrained (Phi=0) 100 90 1

Sand Mohr-Coulomb 115 0 30 1

File Name: MCA3,4_EL-2.30_ConstUW.gsz
Name: 03a_WithMarshOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes
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Earth Containment Dike Stability With Marsh at Top of Dike

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)
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Cohesion
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Phi'
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Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

Marsh Fill Undrained (Phi=0) 100 90 1

Sand Mohr-Coulomb 115 0 30 1

File Name: MCA3,4_EL-2.30_ConstUW.gsz
Name: 04a_WithMarshTopOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes
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Trench Stability

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe. 
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Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Cohesion
(psf)

Cohesion
Fn

Phi'
(°)

Piezometric
Line
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Trench Stability with Equipment Load

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
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Earth Containment Dike
Crest at El+5 ft

Mudline at El‐2.3 ft
4H:1V Side Slopes

MC1, MC2, MC5, T1 East, T2, T3 Profile 
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Earth Containment Dike Stability

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 

1.35

Distance, ft

-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

E
le

va
tio

n,
 f

t

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

Distance, ft
-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

E
le

va
tio

n

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

Color Name Model Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion
Fn

Phi'
(°)

Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

File Name: MCA1,2,5_EL-2.30_ConstUW.gsz
Name: 01a_CurOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes

Plate B-17



Containment Dike Stability into Trench

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Earth Containment Dike Stability With Marsh

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Earth Containment Dike Stability With Marsh at Top of Dike

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Trench Stability

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
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Trench Stability with Equipment Load

Notes:
1) Mudline at El‐2.3 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
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Containment Dike
Crest at El+5 ft

Mudline at El‐1.0 ft
4H:1V Side Slopes

MC1, MC2, MC5 Profile 
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Earth Containment Dike Stability

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Containment Dike Stability into Trench

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.

1.92

Distance, ft

-75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

E
le

va
tio

n,
 ft

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

Distance, ft
-75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

E
le

va
tio

n

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

Color Name Model Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion
Fn

Phi'
(°)

Piezometric
Line

Clay110 Spatial Mohr-Coulomb 110 Clay su 0 1

Clay70 Spatial Mohr-Coulomb 70 Clay su 0 1

Clay95 Spatial Mohr-Coulomb 95 Clay su 0 1

ECD Undrained (Phi=0) 100 90 1

File Name: MCA1,2,5_EL-1.0_ConstUW.gsz
Name: 02a_CurTrenchOTc
Method: Spencer
Optimize Critical Slip Surface Location: Yes

Plate B-25



Earth Containment Dike Stability With Marsh

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Earth Containment Dike Stability With Marsh at Top of Dike

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Trench Stability

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
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Trench Stability with Equipment Load

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
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Earth Containment Dike Stability With Marsh, Deeper Peat/Organic Bottom Elevation

Notes:
1) Mudline at El‐1.0 ft. 
2) Dike crest at El+5 ft.
3) Dike crest width, 5 ft.
4) 4H:1V Side Slopes.
5) Trench crest set 25 ft from dike toe.
6) Water filled tension crack line set as shown to eliminate negative interslice normal forces. 
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Settlement Evaluations 



Subsidence, Sea Level Rise, Target Marsh Surface 
Elevations, and Fill Volumes

Plate C-1



CPRA‐Provided Target Marsh Surface Elevations, Subsidence Rate, and Sea Level Rise

Notes:
1) Subsidence rate from Chris Scalco/CPRA email, dated 1‐22‐2020.
2) ESLR = estimated sea level rise.
3) Elevation Reference: NAVD88.
4) MHW = mean high water.
5) MLW = mean low water.
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CPRA‐Provided Subsidence Rate and Sea Level Rise
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Estimated Fill Volumes and Placement Rates

Notes:
1) MC1, MC2, and MC5 have similar subsurface conditions, so were grouped together. Settlements estimated for mudline elevations set at El‐1.0 and ‐2.3 ft.
2) MC3 and MC4 have similar subsurface conditions, so were grouped together.  Settlements estimated for mudline elevation of El‐1 ft.

Cell
Avg 

Mudline 
Elev

Target 
Marsh Fill 

Elev±

Production 
Rate for 80% 

Run Time

Days to Fill 
with Slurry

Est Fill 
Thickness Low Average High

acres ft2 ft ft ft3 yd3 yd3/day days ft ft ft ft
MC1 26.8 1,167,408 -1.0 1.0 2,334,816 86,475 31,000 2.8 2.00 0.80 1.00 1.20
MC1 26.8 1,167,408 -2.3 1.0 3,852,446 142,683 31,000 4.6 3.30 0.80 1.00 1.20
MC2 176.0 7,666,560 -1.0 1.0 15,333,120 567,893 31,000 18.3 2.00 0.80 1.00 1.20
MC2 176.0 7,666,560 -2.3 1.0 25,299,648 937,024 31,000 30.2 3.30 0.80 1.00 1.20
MC3 161.0 7,013,160 -1.0 1.0 14,026,320 519,493 31,000 16.8 2.00 0.80 1.00 1.20
MC4 64.5 2,809,620 -1.0 1.0 5,619,240 208,120 31,000 6.7 2.00 0.80 1.00 1.20
MC5 133.0 5,793,480 -1.0 1.0 11,586,960 429,147 31,000 13.8 2.00 0.80 1.00 1.20
MC5 133.0 5,793,480 -2.3 1.0 19,118,484 708,092 31,000 22.8 3.30 0.80 1.00 1.20
Total 561.3 24,450,228 14.5

Calculated Placement Rate 2041 Final Fill Ground Surface 
Elev with Subsidence

Fill Area Total Fill Volume
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PSDDF and Settle3D Input

Plate C-5



Foundation Soil Profiles

Applicable 

Areas

Matl 

ID
Classif Thick. γ eo Cc Cr/Cc Cr Cα/Cc k at eo

Ck=

Δe/log(keo/ke)
Nom su Eu/su Eu

top bottom ft pcf top bottom ft/day ksf ksf

7 PT/OH ‐1 ‐5 4 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.00 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.00 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐5 2.7 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐5 2.7 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐5 ‐10 5 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 ML/SM ‐10 ‐15 5 110 0.53 0.67 1.10 0.127 0.179 0.023 0.030 1.24E‐01 0.130 0.20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

7 PT/OH ‐2.3 ‐8.3 6 70 0.32 0.40 11.0 3.74 0.155 0.580 0.030 1.00E‐03 2.5 0.12 100 12

6 CH ‐8.3 ‐10 1.7 110 0.40 0.53 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.16 100 16

5 CH ‐10 ‐15 5 110 0.53 0.67 1.10 0.75 0.224 0.168 0.030 3.91E‐06 0.56 0.20 100 20

4 CH ‐15 ‐20 5 95 0.67 0.83 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.25

3 CH ‐20 ‐25 5 95 0.83 1.10 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.33

2 CH ‐25 ‐28 3 95 1.10 1.17 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.70

1 CH ‐28 ‐35 7 95 1.17 1.33 2.20 0.75 0.224 0.168 0.030 3.60E‐04 0.56 0.40

p'p, ksf

MC1, 2, 5; 

T1 East, T2, 

T3

MC3, 4; T1 

West, T4 

East

Elev, ft

MC1, 2, 5; 

T1 East, T2, 

T3

MC1, 2, 5; 

T1 East, T2, 

T3

Notes:
1) Mudline elevations are the first"Elev, top" value.
2) El‐35 ft is maximum depth explored and is defined as an incompressible base in PSDDF and Settle3D.
3) Material ID 5 in MC3, 4, etc., areas modeled as sand for slope stability and silt for settlement.
4) "k at eo" is the permeability at the initial void ratio, eo.
5) "Ck" is the slope of the e‐log k curve.
6) "Nom su," "Eu/su," used to estimate undrained modulus, Eu, for immediate settlement estimates in Settle3D.
7) Some parameter inputs in Settle3D allow for depth dependency; parameters values with top and bottom elevation intervals were 

used, e.g., p'p.
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MC 1, 2 Profile, Mudline at El‐1 ft
Calculated Void Ratio versus Vertical Effective Stress and Permeability

Initial 

Condition

Initial 

Void 

Ratio

Existing 

Stress

Past Max 

Pressure

Δe/

LOG(k/ko)

Void 

Ratio

Vertical 

Stress
Permeability

Matl ID Bot Top eo σ'o σ'p Cr Cc Ck eok koe Pt Calc e σ' k

ft ft psf psf ft/day psf ft/day

1, CH ‐35 ‐28 OC 2.2 950 1330 0.168 0.749 0.56 3.4 0.05 1 2.700 1.00E+00 2.81E‐03

‐31.5 30.5 Cr /Cc 0.224 4.46 2 2.620 3.00E+00 2.02E‐03

Bottom layer Cεr Cεc 3 2.532 1.00E+01 1.41E‐03

0.0524 0.234 4 2.452 3.00E+01 1.01E‐03

Υd 50.7 pcf 5 2.364 1.00E+02 7.06E‐04

mc 84.6 % 6 2.284 3.00E+02 5.08E‐04

Υ 93.6 pcf 7 2.247 5.00E+02 4.36E‐04

Υ' 31.2 pcf 8 2.200 9.50E+02 3.60E‐04

9 2.175 1.33E+03 3.25E‐04

10 1.935 3.00E+03 1.21E‐04

11 1.544 1.00E+04 2.42E‐05

2, CH ‐28 ‐25 OC 2.2 820 1000 0.168 0.749 0.56 3.4 0.05 1 2.689 1.00E+00 2.69E‐03

CH ‐26.5 25.5 Cr /Cc 0.224 4.46 2 2.609 3.00E+00 1.93E‐03

Cεr Cεc 3 2.521 1.00E+01 1.35E‐03

0.0524 0.234 4 2.441 3.00E+01 9.69E‐04

Υd 50.7 pcf 5 2.353 1.00E+02 6.76E‐04

mc 84.6 % 6 2.273 3.00E+02 4.86E‐04

Υ 93.6 pcf 7 2.200 8.20E+02 3.60E‐04

Υ' 31.2 pcf 8 2.186 1.00E+03 3.39E‐04

9 1.975 2.00E+03 1.42E‐04

10 1.524 8.00E+03 2.23E‐05

11 1.451 1.00E+04 1.65E‐05

3, CH ‐25 ‐20 OC 2.2 340 800 0.168 0.749 0.56 3.4 0.05 1 2.625 1.00E+00 2.06E‐03

‐22.5 21.5 Cr /Cc 0.224 4.46 2 2.545 3.00E+00 1.48E‐03

Cεr Cεc 3 2.457 1.00E+01 1.04E‐03

0.0524 0.234 4 2.377 3.00E+01 7.45E‐04

Υd 50.7 pcf 5 2.289 1.00E+02 5.19E‐04

mc 84.6 % 6 2.209 3.00E+02 3.74E‐04

Υ 93.6 pcf 7 2.200 3.40E+02 3.60E‐04

Υ' 31.2 pcf 8 2.138 8.00E+02 2.78E‐04

9 2.127 1.00E+03 2.67E‐04

10 1.604 5.00E+03 3.10E‐05

11 1.378 1.00E+04 1.23E‐05

4, CH ‐20 ‐15 OC 2.2 530 830 0.168 0.749 0.56 3.4 0.05 1 2.825 1.00E‐01 4.70E‐03

‐17.5 16.5 Cr /Cc 0.224 4.46 2 2.577 3.00E+00 1.70E‐03

Cεr Cεc 3 2.489 1.00E+01 1.18E‐03

0.0524 0.234 4 2.409 3.00E+01 8.51E‐04

Υd 50.7 pcf 5 2.322 1.00E+02 5.93E‐04

mc 84.6 % 6 2.241 3.00E+02 4.27E‐04

Υ 93.6 pcf 7 2.200 5.30E+02 3.60E‐04

Υ' 31.2 pcf 8 2.167 8.30E+02 3.15E‐04

9 1.782 3.00E+03 6.45E‐05

10 1.557 6.00E+03 2.55E‐05

11 1.390 1.00E+04 1.29E‐05

5, CH ‐15 ‐10 OC 1.1 260 670 0.168 0.749 0.56 3.4 0.050 1 1.505 1.00E+00 2.07E‐05

‐12.5 11.5 Cr /Cc 0.224 2 1.425 3.00E+00 1.49E‐05

Cεr Cεc 3 1.337 1.00E+01 1.04E‐05

0.0799 0.357 4 1.257 3.00E+01 7.46E‐06

Υd 77.3 pcf 5 1.170 1.00E+02 5.20E‐06

mc 42.3 % 6 1.090 3.00E+02 3.74E‐06

Υ 109.9 pcf 7 1.100 2.60E+02 3.91E‐06

Υ' 47.5 pcf 8 1.031 6.70E+02 2.94E‐06

9 1.004 9.00E+02 2.63E‐06

10 0.612 3.00E+03 5.26E‐07

11 0.387 6.00E+03 2.08E‐07

6, CH ‐10 ‐5 OC 1.1 160 530 0.168 0.749 0.56 3.4 0.050 1 1.470 1.00E+00 1.79E‐05

‐7.5 6.5 Cr /Cc 0.224 4.46 2 1.390 3.00E+00 1.29E‐05

Cεr Cεc 3 1.302 1.00E+01 8.97E‐06

0.0799 0.357 4 1.222 3.00E+01 6.45E‐06

Υd 77.3 pcf 5 1.134 1.00E+02 4.50E‐06

mc 42.3 % 6 1.121 1.20E+02 4.26E‐06

Υ 109.9 pcf 7 1.100 1.60E+02 3.91E‐06

Υ' 47.5 pcf 8 1.013 5.30E+02 2.73E‐06

9 0.966 8.00E+02 2.25E‐06

10 0.536 3.00E+03 3.85E‐07

11 0.370 5.00E+03 1.94E‐07

7, OH ‐5 ‐1 OC 11.0 15 400 0.5817 3.741 2.5 16 0.1 1 11.684 1.00E+00 1.88E‐03

‐3 2 Cr /Cc 0.156 6.43 2 11.407 3.00E+00 1.45E‐03

Top layer Cεr Cεc 3 11.129 9.00E+00 1.13E‐03

0.0485 0.312 4 11.159 8.00E+00 1.16E‐03

Υd 13.5 pcf 5 11.102 1.00E+01 1.10E‐03

mc 423.1 % 6 11.056 1.20E+01 1.05E‐03

Υ 70.7 pcf 7 11.000 1.50E+01 1.00E‐03

Υ' 8.3 pcf 8 10.650 6.00E+01 7.24E‐04

9 10.243 3.00E+02 4.98E‐04

10 10.170 4.00E+02 4.66E‐04

11 8.385 2.00E+03 9.00E‐05

Elevation 

Range

Compression 

Indices

Note:
1) All clay file.
2) Tabulated values for void ratio, stress and permeability 

used as input to PSDDF. 
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MC 1, 2, 5 Profile, Mudline at El‐1 ft
Plots of Calculated Void Ratio versus Vertical Effective Stress and Permeability
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MC 3, 4 Profile, Mudline at El‐2.3 ft
Calculated Void Ratio versus Vertical Effective Stress and Permeability

Initial 

Condition

Initial 

Void 

Ratio

Existing 

Stress

Past Max 

Pressure

Δe/

LOG(k/ko)

Void 

Ratio

Vertical 

Stress
Permeability

Matl ID Bot Top eo σ'o σ'p Cr Cc Ck eok koe Pt Calc e σ' k

ft ft psf psf ft/day psf ft/day

1, CH ‐35 ‐28 OC 2.2 950 1330 0.168 0.749 0.56 3.4 0.05 1 2.700 1.00E+00 2.81E‐03

‐31.5 29.2 Cr /Cc 0.224 4.46 2 2.620 3.00E+00 2.02E‐03

Bottom layer Cεr Cεc 3 2.532 1.00E+01 1.41E‐03

0.0524 0.234 4 2.452 3.00E+01 1.01E‐03

Υd 50.7 pcf 5 2.364 1.00E+02 7.06E‐04

mc 84.6 % 6 2.284 3.00E+02 5.08E‐04

Υ 93.6 pcf 7 2.247 5.00E+02 4.36E‐04

Υ' 31.2 pcf 8 2.200 9.50E+02 3.60E‐04

9 2.175 1.33E+03 3.25E‐04

10 1.935 3.00E+03 1.21E‐04

11 1.544 1.00E+04 2.42E‐05

2, CH ‐28 ‐25 OC 2.2 820 1000 0.168 0.749 0.56 3.4 0.05 1 2.689 1.00E+00 2.69E‐03

‐26.5 24.2 Cr /Cc 0.224 4.46 2 2.609 3.00E+00 1.93E‐03

Cεr Cεc 3 2.521 1.00E+01 1.35E‐03

0.0524 0.234 4 2.441 3.00E+01 9.69E‐04

Υd 50.7 pcf 5 2.353 1.00E+02 6.76E‐04

mc 84.6 % 6 2.273 3.00E+02 4.86E‐04

Υ 93.6 pcf 7 2.200 8.20E+02 3.60E‐04

Υ' 31.2 pcf 8 2.186 1.00E+03 3.39E‐04

9 1.975 2.00E+03 1.42E‐04

10 1.524 8.00E+03 2.23E‐05

11 1.451 1.00E+04 1.65E‐05

3, CH ‐25 ‐20 OC 2.2 340 800 0.168 0.749 0.56 3.4 0.05 1 2.625 1.00E+00 2.06E‐03

‐22.5 20.2 Cr /Cc 0.224 4.46 2 2.545 3.00E+00 1.48E‐03

Cεr Cεc 3 2.457 1.00E+01 1.04E‐03

0.0524 0.234 4 2.377 3.00E+01 7.45E‐04

Υd 50.7 pcf 5 2.289 1.00E+02 5.19E‐04

mc 84.6 % 6 2.209 3.00E+02 3.74E‐04

Υ 93.6 pcf 7 2.200 3.40E+02 3.60E‐04

Υ' 31.2 pcf cc 0.82 8 2.138 8.00E+02 2.78E‐04

cr ‐0.14 9 2.127 1.00E+03 2.67E‐04

10 1.604 5.00E+03 3.10E‐05

11 1.378 1.00E+04 1.23E‐05

4, CH ‐20 ‐15 OC 2.2 530 830 0.168 0.749 0.56 3.4 0.05 1 2.825 1.00E‐01 4.70E‐03

‐17.5 15.2 Cr /Cc 0.224 4.46 2 2.577 3.00E+00 1.70E‐03

Cεr Cεc 3 2.489 1.00E+01 1.18E‐03

0.0524 0.234 4 2.409 3.00E+01 8.51E‐04

Υd 50.7 pcf 5 2.322 1.00E+02 5.93E‐04

mc 84.6 % 6 2.241 3.00E+02 4.27E‐04

Υ 93.6 pcf 7 2.200 5.30E+02 3.60E‐04

Υ' 31.2 pcf 8 2.167 8.30E+02 3.15E‐04

9 1.782 3.00E+03 6.45E‐05

10 1.557 6.00E+03 2.55E‐05

11 1.390 1.00E+04 1.29E‐05

5, ML ‐15 ‐10 OC 1.1 260 670 0.023 0.127 0.13 1.15 0.300 1 1.155 1.00E+00 3.27E‐01

‐12.50 10.20 Cr /Cc 0.179 2 1.144 3.00E+00 2.70E‐01

Cεr Cεc 3 1.132 1.00E+01 2.19E‐01

0.0108 0.060 4 1.121 3.00E+01 1.81E‐01

Υd 77.3 pcf 5 1.109 1.00E+02 1.46E‐01

mc 42.3 % 6 1.103 2.00E+02 1.30E‐01

Υ 109.9 pcf 7 1.100 2.60E+02 1.24E‐01

Υ' 47.5 pcf 8 1.091 6.70E+02 1.05E‐01

9 1.056 1.50E+03 5.63E‐02

10 1.017 3.00E+03 2.86E‐02

11 0.979 6.00E+03 1.45E‐02

6, CH ‐10 ‐5 OC 1.1 160 530 0.168 0.749 0.56 3.4 0.050 1 1.470 1.00E+00 1.79E‐05

‐7.5 5.2 Cr /Cc 0.224 4.46 2 1.390 3.00E+00 1.29E‐05

Cεr Cεc 3 1.302 1.00E+01 8.97E‐06

0.0799 0.357 4 1.222 3.00E+01 6.45E‐06

Υd 77.3 pcf 5 1.134 1.00E+02 4.50E‐06

mc 42.3 % 6 1.121 1.20E+02 4.26E‐06

Υ 109.9 pcf 7 1.100 1.60E+02 3.91E‐06

Υ' 47.5 pcf 8 1.013 5.30E+02 2.73E‐06

9 0.966 8.00E+02 2.25E‐06

10 0.536 3.00E+03 3.85E‐07

11 0.370 5.00E+03 1.94E‐07

7, OH ‐5 ‐2.3 OC 11.0 15 400 0.5817 3.741 2.5 16 0.1 1 11.684 1.00E+00 1.88E‐03

‐3.65 1.35 Cr /Cc 0.156 6.43 2 11.407 3.00E+00 1.45E‐03

Top layer Cεr Cεc 3 11.129 9.00E+00 1.13E‐03

0.0485 0.312 4 11.159 8.00E+00 1.16E‐03

Υd 13.5 pcf 5 11.102 1.00E+01 1.10E‐03

mc 423.1 % 6 11.056 1.20E+01 1.05E‐03

Υ 70.7 pcf 7 11.000 1.50E+01 1.00E‐03

Υ' 8.3 pcf 8 10.650 6.00E+01 7.24E‐04

9 10.243 3.00E+02 4.98E‐04

10 10.170 4.00E+02 4.66E‐04

11 8.385 2.00E+03 9.00E‐05

Elevation 

Range

Compression 

Indices

Note:
1) Includes silt layer between El‐15 and ‐30 ft, Layer 5.
2) Tabulated values for void ratio, stress and permeability 

used as input to PSDDF. 

Plate C-9
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Tabulated Borrow Area/Dredge Fill Material Compressibility and Permeability Input Plate C-11



Borrow Area/Dredge Fill Material Void Ratio Versus Stress

Notes:
1) Red trendline used for PSDDF input.
2) Duwamish, PI=39; and CH, PI=50 data from Stark (2005) database.
3) Green data from self‐consolidation test on fill Sample 1.
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Borrow Area/Dredge Fill Material Permeability Versus Void Ratio

Notes:
1) Red trendline used for PSDDF input.
2) Duwamish, 39 and CH, 50 data from Stark (2005) database.
3) Green data from self‐consolidation test on fill Sample 1.
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Estimated Saturation and Desiccation Limits for Dredge Fill

Notes:
1) Moisture content, mc, and void ratio, e, for desiccation and saturation 

limits estimated from correlations in Stark (2005).
2) DL = desiccation limit; SL = saturation limit.
3) Saturation (S) at DL ranges from 40 to 60% (pg 25); used 40% to calculate 

void ratio at DL.
4) Used moisture contents at DL and SL (pg 23) to calculate void ratios at DL 

and SL.
5) Selected values in red.

Plate C-14



Rainfall Station Location  Plate C-15



Rain and Evaporation Input

Notes:
1) NOAA (2018) "Climatological Data Annual Summary, 

Louisiana, 2018, Vol 123, No. 13, 
https://www.ncdc.noaa.gov/IPS/cd/cd.html;jsessionid=
9FB80741528D5C9D75566D6906169BFB?_page=0&jse
ssionid=9FB80741528D5C9D75566D6906169BFB&state
=LA&_target1=Next+%3E.
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Marsh Fill Settlement

Plate C-17



Estimated Dredge Fill and Mudline Settlement versus Year
MC1, 2, 5 Profile, Mudline at El‐1.0 ft 
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Estimated Dredge Fill and Mudline Settlement versus Year, Tabulated Results
MC1, 2, 5 Profile,  Mudline at El‐1.0 ft

File: El‐1 All ClayO.pso

Print 

No.
Lift No

Lift 

Thickness

Fill 

Thickness

Day 

Dessication 

Starts

Month 

Dessication 

Starts

Surf Elev, 

no Subsi
Year Subsi

Surf Elev, 

with Subsi

Mudline 

Settlement

Mudline 

Elev, no 

Subsi

days yrs ft ft ft ft ft ft ft

0.01 0 1 3.0 2.8 150 6 2.00 2021.0 0 2.00 0.000 ‐1

1 1 0.00274 2.8 150 6 1.89 2021.003 0.0001 1.89 0.004 ‐1.004

2 15 0.0411 2 1.4 4.2 150 6 1.15 2021.041 0.0008 1.15 0.010 ‐1.010

3 30 0.0822 3 1.0 5.2 150 6 1.83 2021.082 0.0016 1.83 0.015 ‐1.015

4 45 0.123 4 1.0 6.2 150 6 2.34 2021.123 0.0023 2.34 0.020 ‐1.02

5 60 0.164 6.2 150 6 2.87 2021.164 0.0031 2.87 0.023 ‐1.023

6 75 0.205 6.2 150 6 2.79 2021.205 0.0039 2.79 0.026 ‐1.026

7 90 0.247 6.2 150 6 2.73 2021.247 0.0047 2.73 0.028 ‐1.028

8 120 0.329 6.2 150 6 2.62 2021.329 0.0063 2.61 0.032 ‐1.032

9 150 0.411 6.2 150 6 2.52 2021.411 0.0078 2.51 0.035 ‐1.035

10 180 0.493 6.2 180 7 2.45 2021.493 0.0094 2.44 0.039 ‐1.039

11 270 0.740 6.2 270 10 2.24 2021.740 0.0141 2.23 0.048 ‐1.048

12 365 1.0 6.2 365 1 2.10 2022.0 0.0190 2.08 0.059 ‐1.059

13 548 1.5 6.2 548 7 1.93 2022.5 0.0285 1.90 0.083 ‐1.083

14 730 2.0 6.2 730 1 1.83 2023.0 0.0381 1.79 0.099 ‐1.099

15 1095 3.0 6.2 1095 1 1.70 2024.0 0.0571 1.64 0.112 ‐1.112

16 1825 5.0 6.2 1825 1 1.57 2026.0 0.0951 1.47 0.130 ‐1.13

17 3650 10.0 6.2 3650 1 1.42 2031.0 0.1903 1.23 0.198 ‐1.198

18 5475 15.0 6.2 5475 1 1.40 2036.0 0.2854 1.11 0.210 ‐1.21

19 7300 20.0 6.2 7300 1 1.39 2041.0 0.3806 1.01 0.215 ‐1.215

Total Fill 6.4

0.142 ft/day

0.59     

hs 0.92 ft

Fill Compression/

Total Initial Fill Thickness

Time

Avg Fill Rate

Plate C-19



Estimated Dredge Fill and Mudline Settlement versus Year
MCA 1, 2, and 5 Profile, Mudline at El‐2.3 ft
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Estimated Dredge Fill and Mudline Settlement versus Year, Tabulated Results
MC1, 2, 5 Profile, Mudline at El‐2.3 ft

File: El‐1 All ClayO.pso

Print 

No.
Lift No

Lift 

Thickness

Fill 

Thickness

Day 

Dessication 

Starts

Month 

Dessication 

Starts

Surf Elev, 

no Subsi
Year Subsi

Surf Elev, 

with Subsi

Mudline 

Settlement

Mudline 

Elev, no 

Subsi

days yrs ft ft ft ft ft ft ft

0.01 0 1 3.0 2.8 150 6 2.00 2021.0 0 2.00 0.000 ‐1

1 1 0.00274 2.8 150 6 1.89 2021.003 0.0001 1.89 0.004 ‐1.004

2 15 0.0411 2 1.4 4.2 150 6 1.15 2021.041 0.0008 1.15 0.010 ‐1.010

3 30 0.0822 3 1.0 5.2 150 6 1.83 2021.082 0.0016 1.83 0.015 ‐1.015

4 45 0.123 4 1.0 6.2 150 6 2.34 2021.123 0.0023 2.34 0.020 ‐1.02

5 60 0.164 6.2 150 6 2.87 2021.164 0.0031 2.87 0.023 ‐1.023

6 75 0.205 6.2 150 6 2.79 2021.205 0.0039 2.79 0.026 ‐1.026

7 90 0.247 6.2 150 6 2.73 2021.247 0.0047 2.73 0.028 ‐1.028

8 120 0.329 6.2 150 6 2.62 2021.329 0.0063 2.61 0.032 ‐1.032

9 150 0.411 6.2 150 6 2.52 2021.411 0.0078 2.51 0.035 ‐1.035

10 180 0.493 6.2 180 7 2.45 2021.493 0.0094 2.44 0.039 ‐1.039

11 270 0.740 6.2 270 10 2.24 2021.740 0.0141 2.23 0.048 ‐1.048

12 365 1.0 6.2 365 1 2.10 2022.0 0.0190 2.08 0.059 ‐1.059

13 548 1.5 6.2 548 7 1.93 2022.5 0.0285 1.90 0.083 ‐1.083

14 730 2.0 6.2 730 1 1.83 2023.0 0.0381 1.79 0.099 ‐1.099

15 1095 3.0 6.2 1095 1 1.70 2024.0 0.0571 1.64 0.112 ‐1.112

16 1825 5.0 6.2 1825 1 1.57 2026.0 0.0951 1.47 0.130 ‐1.13

17 3650 10.0 6.2 3650 1 1.42 2031.0 0.1903 1.23 0.198 ‐1.198

18 5475 15.0 6.2 5475 1 1.40 2036.0 0.2854 1.11 0.210 ‐1.21

19 7300 20.0 6.2 7300 1 1.39 2041.0 0.3806 1.01 0.215 ‐1.215

Total Fill 6.4

0.142 ft/day

0.59     

hs 0.92 ft

Fill Compression/

Total Initial Fill Thickness

Time

Avg Fill Rate

Plate C-21



Estimated Dredge Fill and Mudline Settlement versus Year
MC 3, 4 Profile, Mudline at El‐2.3 ft
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Note:  Silt layer replaces clay between El‐10 and ‐15 ft, see tabulated profile plate.
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Estimated Dredge Fill and Mudline Settlement versus Year, Tabulated Results
MC 3, 4 Profile, Mudline at El‐2.3 ft

Note:  Silt layer replaces clay between El‐10 and ‐15 ft, see tabulated profile plate.

File: El‐2.3 Clay with Siltpsopso.pso

Print 

No.
Lift No

Lift 

Thickness

Fill 

Thickness

Day 

Dessication 

Starts

Month 

Dessication 

Starts

Surf Elev, 

no Subsi
Year Subsi

Surf Elev, 

with Subsi

Mudline 

Settlement

Mudline 

Elev, no 

Subsi

Mudline 

Elev, with 

Subsi

days yrs ft ft ft ft ft ft ft ft

0.01 0 1 3.0 3.0 150 6 0.70 2021.0 0 0.70 0.000 ‐2.300 ‐2.3

1 1 0.00274 3.0 150 6 0.58 2021.003 0.0001 0.58 0.004 ‐2.304 ‐2.304

2 15 0.0411 2 2.6 5.6 150 6 ‐0.16 2021.041 0.0008 ‐0.16 0.011 ‐2.311 ‐2.312

3 30 0.0822 3 2.0 7.6 150 6 1.66 2021.082 0.0016 1.66 0.015 ‐2.315 ‐2.317

4 45 0.123 4 2.0 9.6 150 6 2.88 2021.123 0.0023 2.88 0.020 ‐2.320 ‐2.322

5 60 0.164 9.6 150 6 4.11 2021.164 0.0031 4.11 0.024 ‐2.324 ‐2.327

6 75 0.205 9.6 150 6 3.77 2021.205 0.0039 3.77 0.027 ‐2.327 ‐2.331

7 90 0.247 9.6 150 6 3.65 2021.247 0.0047 3.65 0.028 ‐2.328 ‐2.333

8 120 0.329 9.6 150 6 3.47 2021.329 0.0063 3.46 0.031 ‐2.331 ‐2.337

9 150 0.411 9.6 150 6 3.33 2021.411 0.0078 3.32 0.034 ‐2.334 ‐2.342

10 180 0.493 9.6 180 7 3.21 2021.493 0.0094 3.20 0.036 ‐2.336 ‐2.345

11 270 0.740 9.6 270 10 2.91 2021.740 0.0141 2.90 0.044 ‐2.344 ‐2.358

12 365 1.0 9.6 365 1 2.67 2022.000 0.0190 2.65 0.052 ‐2.352 ‐2.371

13 548 1.5 9.6 548 7 2.35 2022.500 0.0285 2.32 0.071 ‐2.371 ‐2.400

14 730 2.0 9.6 730 1 2.17 2023.000 0.0381 2.13 0.088 ‐2.388 ‐2.426

15 1095 3.0 9.6 1095 1 1.94 2024.000 0.0571 1.88 0.107 ‐2.407 ‐2.464

16 1825 5.0 9.6 1825 1 1.72 2026.000 0.0951 1.62 0.116 ‐2.416 ‐2.511

17 3650 10.0 9.6 3650 1 1.52 2031.000 0.1903 1.33 0.163 ‐2.463 ‐2.653

18 5475 15.0 9.6 5475 1 1.40 2036.000 0.2854 1.11 0.184 ‐2.484 ‐2.769

19 7300 20.0 9.6 7300 1 1.39 2041.000 0.3806 1.01 0.192 ‐2.492 ‐2.873

Total Fill 9.6

0.213 ft/day

0.60     

hs 1.38 ft

Fill Compression/

Total Initial Fill Thickness

Time

Avg Fill Rate

Plate C-23



Note:  6 ft of PT/OH replaces CH below mudline, see tabulated profile plate.

Estimated Dredge Fill and Mudline Settlement versus Year, Tabulated Results
MC1, 2, 5 Profile, Mudline at El‐2.3 ft, 6 ft PT/OH Below Mudline
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Estimated Dredge Fill and Mudline Settlement versus Year, Tabulated Results
MC1, 2, 5 Profile, Mudline at El‐2.3 ft, 6 ft PT/OH Below Mudline

File: El‐2.3 6ftOHpsopso

Print 

No.

Lift 

No

Lift 

Thickness

Fill 

Thickness

Day 

Dessication 

Starts

Month 

Dessication 

Starts

Surf Elev, 

no Subsi
Year Subsi

Surf Elev, 

with Subsi

Mudline 

Settlement

Mudline 

Elev, no 

Subsi

Mudline 

Elev, with 

Subsi

days yrs ft ft ft ft ft ft ft ft

0.01 0 1 3.0 3.0 150 6 0.70 2021.0 0 0.70 0.000 ‐2.3 ‐2.3

1 1 0.00274 3.0 150 6 0.59 2021.003 0.0001 0.59 0.006 ‐2.306 ‐2.306

2 15 0.0411 2 2.6 5.6 150 6 ‐0.15 2021.041 0.0008 ‐0.15 0.013 ‐2.313 ‐2.314

3 30 0.0822 3 2.0 7.6 150 6 1.66 2021.082 0.0016 1.66 0.021 ‐2.321 ‐2.323

4 45 0.123 4 2.0 9.6 150 6 2.87 2021.123 0.0023 2.87 0.028 ‐2.328 ‐2.330

5 60 0.164 9.6 150 6 4.09 2021.164 0.0031 4.09 0.035 ‐2.335 ‐2.338

6 75 0.205 9.6 150 6 3.74 2021.205 0.0039 3.74 0.040 ‐2.34 ‐2.344

7 90 0.247 9.6 150 6 3.62 2021.247 0.0047 3.62 0.044 ‐2.344 ‐2.349

8 120 0.329 9.6 150 6 3.45 2021.329 0.0063 3.44 0.052 ‐2.352 ‐2.358

9 150 0.411 9.6 150 6 3.30 2021.411 0.0078 3.29 0.059 ‐2.359 ‐2.367

10 180 0.493 9.6 180 7 3.18 2021.493 0.0094 3.17 0.065 ‐2.365 ‐2.374

11 270 0.740 9.6 270 10 2.87 2021.740 0.0141 2.86 0.079 ‐2.379 ‐2.393

12 365 1.0 9.6 365 1 2.62 2022.000 0.0190 2.60 0.091 ‐2.391 ‐2.410

13 548 1.5 9.6 548 7 2.30 2022.500 0.0285 2.27 0.111 ‐2.411 ‐2.440

14 730 2.0 9.6 730 1 2.14 2023.000 0.0381 2.10 0.123 ‐2.423 ‐2.461

15 1095 3.0 9.6 1095 1 1.93 2024.000 0.0571 1.87 0.138 ‐2.438 ‐2.495

16 1825 5.0 9.6 1825 1 1.69 2026.000 0.0951 1.59 0.176 ‐2.476 ‐2.571

17 3650 10.0 9.6 3650 1 1.40 2031.000 0.1903 1.21 0.272 ‐2.572 ‐2.762

18 5475 15.0 9.6 5475 1 1.30 2036.000 0.2854 1.01 0.297 ‐2.597 ‐2.882

19 7300 20.0 9.6 7300 1 1.28 2041.000 0.3806 0.90 0.311 ‐2.611 ‐2.992

Total Fill 9.6

0.213 ft/day

0.60     

hs 1.38 ft

Time

Fill Compression/

Total Initial Fill Thickness

Avg Fill Rate
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Dike Settlement
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Settle3D Model, Plan View

ECD, with query point at dike centerline (QP3) 
and query line (QL1) along dike base width.

Query point out in 
marsh/dredge fill 
area.

Light red color shows 
marsh area extent.

Notes:
1) ECD layout for mudline at El‐2.3 and crest at El+5 ft.
2) Dike layout is generally the same for all other ECDs and Terrace Dikes; base widths an heights vary with mudline.
3) There is no marsh fill adjacent to Terrace Dikes.
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Settle3D Model, ECD Plan View

Notes:
1) ECD layout for mudline at El‐2.3 and crest at El+5 ft.
2) Dike layout is generally the same for all ECDs and Terrace Dikes; base widths an heights vary with mudline.
3) There is no marsh fill adjacent to Terrace Dikes.

ECD crest.

ECD toe.

ECD toe.
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Settle3D Model, Perspective View

ECD

Z axis

Notes:
1) ECD layout for mudline at El‐2.3 and crest at El+5 ft.
2) Dike layout is generally the same for all ECDs and Terrace Dikes; base widths an heights vary with mudline.
3) There is no marsh fill adjacent to Terrace Dikes.
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Settle3D Model, ECD Perspective View

Marsh Fill Load

Water elevation

Notes:
1) ECD layout for mudline at El‐2.3 and crest at El+5 ft.
2) ECD layout is generally the same for all ECDs and Terrace Dikes; base widths an heights vary with mudline.
3) There is no marsh fill adjacent to Terrace Dikes.

ECD
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ECD Embankment Configuration, Example for Mudline at El‐2.3 ft, Crest at El+5 ft

Notes:  
1) Buoyant unit weights from El‐2.3 ft to El 0 ft; total unit weights from El 0 ft to El+5 ft.
2) Buoyancy turned on, so as dike settles below El+0 ft, embankment weight will decrease.
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Settle3D Settings

Notes:
1) Not all 20 Stages are shown, Stage 20 is 20 yrs, 
2) Mean stress turned along with Poisson’s ratio of 0.5 to compute mean total stresses used to compute 

immediate settlement.
3) Parameters for start of secondary consolidation are default values in Settle3D.
4) Ground surface elevation varies with mudline.
5) Buoyancy effect allows for reduction in embankment loads as material settles below the water level.
6) Vertical stress reduction due to settlement accounts for depth changes as settlement occurs.
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Soil Profile and Drainage Settings

Note:  
1) Soil layer thickness varied for different mudline elevations.
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Dike Settlement
MC1, 2, 5, T1 East, T2, T3

Crest at El+5 ft, Mudline at El‐2.3 ft
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Mudline Settlement Beneath ECD Centerline versus Time, Mudline El‐2.3 ft

Notes:
1) Crest elevation ~ El+5 ft – (settlement vs time), assuming no dike fill compression.
2) Total settlement includes immediate settlement, recompression, virgin compression, and secondary compression.
3) Subsidence and sea level rise is not included.
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Settle3D Input Subsurface Materials and Properties

Note:
1) Peat/Organic clay extends from El‐2.3 ft, the mudline, to El‐5 ft, i.e., thickness of 2.7 ft.
2) Water piezometric level set at El 0 ft.
3) Soil parameters mimic those used for PSDDF; 7 soil layers, thickness of Clay 0 to ‐5 varied for different mudlines.
4) Permeability modeled using variable permeability with void ratio using Ck = 0.25 and initial permeability (Ko) equal to permeability at eo.
5) Eu estimated from Foote and Ladd (1971) and is used to compute immediate settlement from rapid loading. 
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Dike Settlement
MC1, 2, 5, T1 East, T2, T3

Crest at El+5 ft, Mudline at El‐1.0 ft

Plate C-37



Mudline Settlement Beneath ECD Centerline versus Time, Mudline El‐1 ft

Notes:
1) Crest elevation ~ El+5 ft – (settlement vs time), assuming no dike fill compression.
2) Total settlement includes immediate settlement, recompression, virgin compression, and secondary compression.
3) Subsidence and sea level rise is not included.
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Settle3D Input Subsurface Materials and Properties

Note:
1) Peat/Organic clay extends from El‐1 ft, the mudline, to El‐5 ft, i.e., thickness of 4 ft.
2) Water piezometric level set at El 0 ft.
3) Soil parameters mimic those used for PSDDF; 7 soil layers, thickness of Clay 0 to ‐5 varied for different mudlines.
4) Permeability modeled using variable permeability with void ratio using Ck = 0.25 and initial permeability (Ko) equal to permeability at eo.
5) Eu estimated from Foote and Ladd (1971) and is used to compute immediate settlement from rapid loading. 
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