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Scofield Island Back-Barrier Geotechnical Analysis
1.0  INTRODUCTION

The Scofield Island Back-Barrier Geotechnical Analysis was completed in support of the
Feasibility Study and Preliminary Design Phases for the Riverine Sand Mining / Scofield Island
Restoration Project (Project). The Project is sponsored by the Louisiana Department of Natural
Resources (LDNR) Office of Coastal Protection and Restoration (OCPR) and NOAA Fisheries.
The Project design is funded and authorized in accordance with the provisions of the Coastal
Wetlands Planning, Protection and Restoration Act (CWPPRA) (16 U.S.C.A., Sections 3951-
3956) and has been approved by the Public Law 101-646 Task Force. The Project’s CWPPRA
designation is BA-40.

The purpose of the geotechnical investigation was to provide design data for the marsh creation
plan for Scofield Island as fully described in the Preliminary Design Main Report and Scofield
Island Restoration Area Design Analysis (Appendix M). The scope of services included the
drilling of soil test borings to determine subsoil conditions and stratification, and to obtain
samples of the various substrata. Soil mechanics laboratory tests, performed on samples
obtained from the borings, were used to evaluate the physical properties of the subsoils.
Engineering analyses, based on the soil borings and laboratory test results, were made to evaluate
the stability of the foundation support for the proposed shoreline protection and marsh creation
features. Analyses were performed to evaluate stability of the containment dike and retained
marsh fill. Analyses were also made to estimate settlement of the dike and marsh area fill and the
time-rate of settlement of these features. The soil test borings and analyses were conducted by
Eustis Engineering Company, LLC. (EEC) and reviewed by Coastal Engineering Consultants,
Inc. SIB Group, LLC. (SJB) provided survey control.

The analyses and results were prepared in accordance with generally accepted geotechnical
engineering practice for the exclusive use of OCPR and their designated representatives specific
to the Project. In the event of significant changes in the marsh creation design, the conclusions
and recommendations contained in this report shall not be considered valid unless the changes
are reviewed and conclusions modified and verified in writing by EEC. Should these data be
used by anyone other than OCPR and their designated representatives, EEC should be consulted
for interpretation of data and to secure any other information pertinent to the Project.

2.0 PROJECT AREA AND LOCATION
Scofield Island is a 2.4 mile long barrier island located east of Pelican Island between Scofield

Bayou and the merger of Bay Coquette and the Gulf of Mexico, Plaguemines Parish. The Project
area is shown in Figure 1.
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3.0 SOIL BORINGS

Six undisturbed sample type soil test borings, designated as B-1 through B-6, were made on
October 7 through 11, 2008 at the approximate locations shown on Figure 1. Each boring was
drilled to a depth of 50 feet below the mudline using a skid mounted rotary type drill rig mounted
on a shallow draft boat. The borings were located in the field using a hand held GPS unit. Based
on site access, several of the borings had to be offset from their intended locations. The proposed
and actual locations are identified on Figure 1. Subsequent to the drilling operations, the mudline
elevations at the boring locations were surveyed on October 30, 2008. Upon completion of
drilling operations, the borings were backfilled in accordance with the laws of the State of
Louisiana. Detailed descriptive logs of the borings are shown in both tabular and graphical form
in Annex K1. Included on these logs are the coordinates and mudline elevations.

Samples of cohesive or semi-cohesive subsoils were obtained at close intervals or changes in
stratum using a 3-inch diameter thinwall Shelby tube sampling barrel. The samples were
immediately extruded from the sampling barrel, inspected, and visually classified. Pocket
penetrometer tests were performed on the soil samples to give a general indication of their shear
strength or consistency. The results of these tests are shown on the boring logs under the column
heading "PP." Representative portions were then promptly placed in moisture proof containers
and sealed for preservation of their natural moisture content.

Samples of non-cohesive and semi-cohesive materials were obtained during the performance of
in situ Standard Penetration Tests. This test consisted of driving a 2-inch diameter splitspoon
sampler 1 foot into the ground after first seating it 6 inches. A 140-1b weight dropped 30 inches
is used to advance the sampler. The number of blows required to drive the sampler is indicative
of the relative density of non-cohesive soils and the approximate consistency of cohesive soils.
The samples were retained in moisture proof containers for preservation of their natural moisture
content. The results of the Standard Penetration Tests are shown on the boring logs under the
column heading ASPT.@

4.0 LABORATORY TESTS

Soil mechanics laboratory tests, consisting of natural water content, unit weight, and either
unconfined compression shear (UC) or one-point unconsolidated un-drained triaxial compression
shear (OB), were performed on undisturbed samples obtained from the borings. In addition,
Atterberg liquid and plastic limits tests were performed on selected samples to aid in
classification of the subsoils and to give an indication of their relative compressibility. The
results of the laboratory tests are summarized on the boring logs in Annex K1.



Organic content tests were performed on selected samples obtained from the borings to
determine the amount of organic matter in the samples. The results of these tests are shown on
the boring logs.

Consolidation tests (CONS) were performed on selected samples to determine their
compressibility and stress history. Grain size analyses (SV) were performed on selected samples
obtained from the borings to determine their particle distribution curves. The results of these
tests are shown on separate sheets following the boring logs in Annex K1.

50 DESCRIPTION OF SUBSOIL CONDITIONS
5.1  Geologic Setting

The project is located at the distal end of the abandoned Lafourche Delta in southeastern
Louisiana. Specifically, the project site is located due south of Buras, Louisiana, along the
retreating Louisiana coastline. Severe land loss and shoreline retreat has resulted in isolating this
remnant barrier beach complex located at the mouth of Scofield Island Bayou, an abandoned
distributary of Big Cypress Bayou, which in turn, is an abandoned distributary of the Mississippi
River. Continuous wave attack and landward retreat has winnowed out the fine clays and silts,
leaving a frontal small barrier beach complex overlying the marsh and interdistributary deposits
across which the shoreline is retreating.

5.2  Stratigraphy

A generalized geologic subsoil profile is presented on Figure 2. At most of the boring locations,
the surface consists of a layer of beach sand with abundant shells. As a result of the retreat of the
shoreline through storm overwash and breaching, this surface layer is absent at Borings 2 and 6
(eastern end of the island) and varies in thickness from 2 feet at Boring 5 to 15 feet in Boring 4.
Underlying the sand deposits are very soft organic clay marsh deposits varying in thickness from
approximately 25 feet in Boring 6 to about 9 feet in Boring 3. The marsh deposits are absent in
Boring 4 because of the proximity to the active Scofield Bayou migrating channel. The marsh
deposits are underlain by intradelta deposits of silty sand and sand which are in turn underlain by
very soft to soft interdistributary clays to the termination of the borings at depths of 50 feet
below the mudline. The interpretation of subsoil conditions are also shown on the individual
boring logs.
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53 Water Levels

The borings were drilled in either standing water or in the marsh with ground water at the soil
surface. Water depths measured at the time of the field investigation generally varied from 2 to 3
feet. Water depths will vary with climatic conditions, tidal fluctuations, and other factors. Site
conditions should be investigated by the contractor for construction immediately prior to
beginning work. Furnished information indicates the mean low water (MLW) is at +0.55 North
American Vertical Datum of 1988 (NAVD88) and mean high water (MHW) is +1.60 NAVD88.

6.0 PROJECT DESCRIPTION

The Project goal is to repair breaches and tidal inlets in the shoreline, reinforce the existing
shoreline with sand, and increase the island width with back barrier marsh creation. Preliminary
project parameters and assumptions were provided by SJB and CEC in order to conduct
foundation and settlement analysis as follows:

Water Levels
e  MLW =+0.55 feet NAVD88,
e MHW = +1.60 feet NAVD88
e  Project design life is 20 years
e  Topographic survey data including cross-sections
e  Geologic Subsidence rate of 0.025 feet/year
e  Sea-level Rise = 0.03 feet/year
e  Containment Dike
e  Construction from borrow material excavated on site
e  Construction depth 6 to 8 feet below MLW
e  Crest elevations will range from +4 to +6 feet NAVD88, approximately 2 feet
above the marsh platform elevation
e  Crest width = 20 feet
e  Marsh Platform
e  Construction from material dredged and transported from the Scofield Offshore
Borrow Area (SOBA)
e  Target platform elevation will range from +2 to +3.5 feet NAVD88
e Beach and Dunes
e  Construction from sand dredged from the Mississippi River and transported to the
location by sediment pipeline
e  Target beach berm elevation will range from +4 to +6 feet NAVD88
e  Target dune crest elevation will range from +6 to +7 feet NAVD88



7.0 FOUNDATION ANALYSES
7.1 Design Parameters

A geologic subsoil profile of the three reaches is shown on Figure 2, as previously noted. Plots
of the soil design parameters used in the analyses for each of these reaches are provided on
Figures 3 through 5. For the settlement analyses, additional parameters, not shown on Figures 3
through 5, were also assumed below the available boring data as discussed with the settlement
analysis results.

Design parameters for the in situ marsh containment fill materials were assumed to have an
average wet unit weight of 88 pcf and remolded shear strength of 100 psf. The analyses assumed
the marsh fill will be placed by uncompacted methods in standing water. A wet unit weight of
100 pcf was selected for the SOBA sediment comprised of a mixture of sand, silt, and clay
(Appendix J).

7.2  Stability Analyses
7.2.1 Methodology

Slope stability analyses were conducted by a two-dimensional limit equilibrium stability analysis
of selected trial failure surfaces. These analyses were performed using GEO-SLOPE
International, Ltd.’s program Slope/W 2007, Version 7.11. This program generally utilizes
circular arcs to define the soil failure planes. These arcs are then divided into slices and the factor
of safety computed by summing forces, summing moments, or both. For these analyses, the
inter-slice forces are typically considered. The factors of safety presented are based on Spencer’s
Method of Slices. Using this method, the recommended minimum factor of safety was computed
to be 1.3. Slope stability analyses were performed for the design of proposed containment dikes
that will enclose the marsh creation features.

7.2.2 Design Assumptions

The design assumptions for the containment dikes included construction at a maximum bottom
level (mudline elevation) of -2 feet NAVDS88 and a crest height between +4 and +6 feet
NAVDS88. Further, the crest width will be approximately 20 feet and the dikes will be
constructed from dredged material excavated from adjacent borrow areas / floatation channels.
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7.2.3 Data Evaluation

Based on the furnished topographic data, the average mudline in the vicinity of the marsh
containment dike is at -2 to 0 feet NAVD88. This excludes the deeper channel elevations, which
should be avoided.

7.2.4 \Water Levels

The stability analyses presented are based on the furnished low water level. Extreme low or high
water levels due to a storm event were not evaluated. Water levels above or below that analyzed
may result in localized sloughing or failure of the recommended section. Long term maintenance
should consider this potential.

7.2.5 Results of Analyses

The results of the stability analyses for the containment dike to be constructed in Reach 2 are
shown on Figures 6 and 7 and in Annex K2.

7.2.6 Containment Dike Slopes

Considering containment dikes constructed from +4 to +6 feet NAVD88, the recommended side
slope is 1 vertical on 8 horizontal. This slope will allow construction to the +6 feet NAVD88
crown when the mudline is at O feet NAVD88. For a mudline at -2 feet NAVD88, the maximum
crown height that can be achieved is at +5 feet NAVD88. Evaluations for Reach 3 indicated
construction within or directly adjacent to the existing channels should be avoided. Other limited
reaches where marsh deposits have been exposed should also be anticipated to require additional
measures during construction to attain a stable dike. Considering a crown width of 20 feet,
placement of marsh area fill will have minimal impact on the stability of the dike. Area fill will,
however, induce additional settlement at the dike as addressed below.
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7.2.7 Containment Dike Buffer to Borrow/Floatation Channel

To provide a factor of safety of 1.3 with respect to the borrow area or floatation channel, the
recommended buffer, defined by the distance between the toe of the containment dike and
location of borrow area / floatation channel, should be at least 30 feet plus three times the dredge
depth within the borrow area / floatation channel. For the -2 feet NAVD88 mudline, the buffer
should be increased to at least 40 feet plus three times the dredge depth for the O feet NAVD88
mudline. These dimensions are all based on Reach 2 conditions and are suitable for use in Reach
1, although higher dikes or flatter slopes would also work in Reach 1. These analyses are based
on a maximum cut of -8 feet NAVD88. Borrow area / floatation channel side slopes were
assumed as 1 vertical on 3 horizontal, although actual slopes will depend on construction
methods and borrow material properties. This buffer should also be provided between the
proposed dike and any existing channels that are equal to or deeper than -8 feet NAVD88.

8.0 SETTLEMENT ANALYSES
8.1  Stress History

Consolidation tests were performed on samples of the subsoils. The results of these tests are
summarized in Annex K3. Surficial barrier beach deposits were considered as an incompressible
drainage layer. The underlying or surficial marsh deposits were considered slightly pre-
compressed to normally consolidated. Intradelta deposits were modeled as both a second
drainage layer or as a silt layer having a very high rate of consolidation. Interdistributary deposits
were generally considered to be normally consolidated.

Soils below the boring depths were also considered to be normally consolidated to a depth of 80
feet. Settlement beyond the 80-foot depth was not considered in the analyses. The settlement
design parameters through the boring depths are shown on Figure 3 with the other design values.
Parameters assumed between the 50 and 80-foot depths were generally normally consolidated
clays having a compression ratio of 0.2 and a coefficient of consolidation of 7 ft?/yr. Isolated
lenses and layers of sand may be present beneath the boring depths; however, available geologic
data were not conclusive. Therefore, no additional drainage layers were assumed when
estimating the rates of consolidation in these deposits.

8.2  Design Assumptions
The fill areas assumed in the settlement analyses considered a 1,000 foot x 10,000 foot marsh fill

area, an adjacent 1,000 foot x 10,000 foot beach fill area, and a 20 foot x 10,000 foot
containment dike area. Assuming the beach fill and containment dikes are constructed prior to
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placement of the marsh area fill, the settlement of the dike was considered with no influence
from the area fill. Similarly, settlement estimates have been made considering the influence of
the area fill on long term dike consolidation.

For the beach fill, the analyses considered fill having an average wet unit weight of 120 pcf and
placed to an average height at +6 feet NAVD88. For the marsh area consolidation, it was
assumed the area fill has an average wet unit weight of 100 pcf and is placed from +2 to +3.5
feet NAVDB8S. It was considered that the dikes would be constructed to +4 and +6 feet NAVD88
and a variation in the mudline along the dike between 0 and -2 feet NAVD88. A variation in the
water surface level from +0.5 to +1.5 feet NAVD88 was assumed to compute the submerged fill
weights.

Time-rates of consolidation settlement of the dredged and pumped marsh fill material and the
underlying subsoils were estimated within the proposed marsh creation and the containment dike
areas. It is noted there may be differences in the time-settlements of excavated and pipeline
placed materials.

8.3 Results

The results of the settlement analyses are presented in Figures 8 through 15. The analyses
account for settlement of the subsoils due only to the weight of the fill, this consolidation plus
the self-weight consolidation within the imported fill materials themselves, and finally, the
effects of geologic subsidence. Summary tables, graphs, and sample settlement calculations are
also included in Annex K3.

The dike consolidation graphs and tables are based on Reach 2, since Reach 1 would have
minimal settlement and Reach 3 requires additional previously noted measures. There are two
sets of values presented, one case where the dike is in place and no marsh fill has yet been
placed, "no influence," and the other case that considers the additional influence of the area fill
and beach fill.

In addition to settlement of the underlying subsoils, settlement or "shrinkage" of the un-
compacted fill will occur. Shrinkage is due to drying, consolidation of the fill under its own
weight, and deterioration due to biodegradation of organic fill materials inadvertently placed
within the containment area. The desiccation of soft clays proceeds from the exposed surface
inward and leads to formation of a crust that becomes thicker with age. Based on similar
restoration projects in coastal Louisiana, the estimated volume loss, due to shrinkage of the fill,
will be approximately 10% to 15% of the surficial crust formed by drying out of the soils.
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Assuming a crust approximately 2.5 feet thick for the containment dikes, it was estimated that an
additional 3 to 5 inches of settlement will occur. For the marsh areas, minimal skrinkage is
anticipated since these features will generally remain saturated. The amount of time for
shrinkage to occur will depend on the amount of organic matter present and variations in the
moisture content of the fill. Moisture content is dependent on weather conditions, tidal
fluctuations, and ground water levels. It was anticipated that shrinkage will occur relatively
rapidly due to seasonal variations occurring the first year after fill placement. Due to variations
in the organic matter present and moisture ranges, shrinkage will generally result in differential
settlement along the dike alignment.

8.4  Borrow to Fill Ratios
8.4.1 Proposed Containment Dike Materials

Estimates of the amount of borrow required to construct the proposed dike section were obtained
from the U.S. Army Corps of Engineers based on data compiled on similar projects. Ratios
assume the fill material is placed by an excavator and not by pipeline. Based on the available
data, a typical borrow-to-dike fill ratio is 2:1 for natural moisture contents ranging from
approximately 40% to 60%. For higher moisture contents, a borrow-to-dike fill ratio of 3:1 or
more may also occur. The tested water contents may not be indicative of the water contents of
the placed material. These borrow-to-dike fill ratios do not include the volume of fill required
due to settlement and shrinkage, which should be added to the theoretical volume prior to
estimating the borrow required. In addition, any stripping or removal of organic material, which
is considered to be unsuitable for the dike section, is not included in the estimated borrow ratio.

8.4.2 Proposed Dredged Sediments

Similar to estimating shrinkage, estimating the borrow-to-fill ratio for dredged sediments is
difficult considering the variability of the potential borrow materials encountered. For sandy
sediments, a borrow-to-fill ratio between approximately 1.25:1 and 1.5:1 may be used where
moisture contents are less than 40%. Refer to the previous paragraph for borrow-to-fill ratios of
other soil types.

9.0 CONSTRUCTION RECOMMENDATIONS

9.1 Constructability

Construction techniques are critical to the constructability and ultimate stability of the dike
section. The analyses assumed the dike fill is placed as recommended. The stability of the dike

K-24



constructed of in situ materials will be dependent on the borrow materials used and the rate at
which the dredged fill is placed.

9.2  Site Preparation

Uncompacted fill material may be placed directly over any existing vegetation along the
proposed dike alignments. Trees and stumps should be cut to existing grade. However, the root
mass should remain in place to minimize disturbance of the subgrade and provide additional
stability for the dike.

9.3 Water Levels

Water levels at the Project site are subject to seasonal and tidal fluctuations. Site conditions
should be investigated immediately prior to initiating construction. If possible, placement of the
initial fill lifts should not be in more than 18 inches of standing water. It is understood this is not
always possible. However, when there is more than 18 inches of water, it will be difficult to
control the fill because of impaired visibility.

94 Containment Fill Materials

The marsh containment dike will be constructed of borrow materials. Large roots and organic
matter should not be placed within the dike section. Exposed marsh deposits, such as those
identified in Reach 3, are not suitable as fill for the containment dike construction. These
materials are generally exposed within existing channels.  Thus, as previously noted,
construction of the containment dikes should not coincide with these features.

9.5  Placement of Uncompacted Fill

The borrow material will be placed by uncompacted methods for construction of the containment
dike. The stability analyses assume these materials will be excavated and placed by mechanical
methods using a dragline, clamshell, conventional bucket, or similar mechanical equipment. Un-
compacted dike fill should be placed in lifts of no more than 3 feet. Depending on the depth of
standing water and moisture content of the borrow materials, consideration should be given to
placing an initial fill lift for the entire length of the dike before proceeding to the next lift. This
method will initiate consolidation of foundation soils as well as provide a means for the un-
compacted fill to provide a sufficient wearing surface. This will also decrease the potential for
slope failure within the fill as the dike is constructed. .
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9.6  Staged Dike Construction

Construction of the marsh containment dike should be performed in stages, particularly in the
area of Reach 3. Staged construction will allow consolidation of the subsoils to begin and affect
a gain in strength in the rapidly consolidating marsh deposits. This will minimize the potential
for lateral plastic deformation of these soils. Staged construction will also minimize localized
failures within the un-compacted fill as described above, particularly when these materials
remain saturated during initial lift placement. With existing grades generally at -2 feet NAVD88,
the dike construction can be performed in three stages.

9.7 Marsh Area Fill Materials

The sediment from SOBA will be excavated by a cutterhead dredge and transported via the
sediment pipeline to the marsh fill area. The placement limits of the hydraulic fill should be
based on stability considerations (maximum fill heights) as previously presented as well as
construction constraints and environmental factors (minimum fill heights). For decanting
considerations, fill should be placed no higher than 1 foot below the crown of the containment
dikes.

9.8  Drainage Controls

During the placement of the hydraulic fill, the contractor should provide drainage control
measures to facilitate construction operations. Drainage control measures could include weirs,
pipes, and drop inlets. The number, size, and location of these drainage control measures should
be considered during the design of the borrow area and for the permit application. Some deciding
factors will include the position of the dredge and floatation canal, natural slope of the land
formations, and the type and size of the dredging equipment. Self weight consolidation of the
marsh creation fill will create ponding of water at the surface as the settlement occurs over time.
Some of this water will evaporate, but consideration should also be given to decanting free
surficial water using weirs.

9.9 Maintenance

The stability and settlement analyses do not consider maintenance of the proposed crown
elevation for the marsh containment, or beach/dune features. Long term maintenance may be
required to accommodate the actual ongoing settlements and other observed movements or
degradation. Maintenance may include the addition of materials as a result of accelerated
settlement rates or erosion. Similarly, dike degrading to maintain tidal flows in areas where
observed settlement is less than anticipated may also be required. A routine evaluation should be
made to determine essential maintenance requirements.
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9.10 Monitoring

Monitoring the performance of the containment dikes and marsh platform is essential. The use of
settlement plates or other surveying methods is recommended to monitor the actual rates of
settlement for the project. As indicated previously, the estimates of settlement and settlement
time-rate are based on assumed conditions below the boring depths. Natural variations in the
materials placed as well as the desiccation and biodegradation of these deposits may also affect
the estimates. In addition, construction of the containment area may affect water levels due to
tidal fluctuations in the Project area. If long term performance of the fill placement is to be
evaluated, the monitoring should be performed at regular intervals to provide sufficient data.
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BORING LOGS AND LABORATORY TEST DATA



ANNEX K2

SLOPE STABILITY ANALYSIS



ANNEX K3

SETTLEMENT ANALYSES
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