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INTRODUCTION

1. This report contains the results of geotechnical field and laboratory test data obtained for
the proposed East Delacroix Marsh Creation Project (Project No. BS-0037). This project is
located in Region 2, Breton Basin, St. Bernard Parish, along the east side of the island of
Delacroix. Refer to Figure 1 for a site vicinity map. Our geotechnical services for the
project were performed in accordance with our revised proposal, dated 30 July 2020. The
project is funded under the Coastal Wetland Planning Protection and Restoration Act
(CWPPRA) in Priority List 28. Authorization to proceed with these services was provided
from the Coastal Protection and Restoration Authority (CPRA) in partnership with
National Oceanic and Atmospheric Administration (NOAA). Notice to proceed was

received from CPRA on 30 July 2020.

PURPOSE

2. The objective of this project is to create, maintain, and nourish existing deteriorating

wetlands by hydraulic dredging material from an inland borrow source located in Lake
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Lery. Specifically, four hundred six (406) acres of confined marsh will be placed in
designated marsh creation areas formed by constructing earthen containment dikes
around the perimeter. Existing berms and the east Delacroix tidal protection levee will
also be used as containment. Approximately 12,950 linear feet of terraces will also be
strategically designed to serve as sediment retention features and reduce wake erosion
adjacent to the marsh creation areas. Proposed terraces will be constructed to el +2.5
(NAVDS88). A slight raise to the existing tidal levee along the east side of Delacroix island
is also anticipated. Furnished information showing proposed project feature locations is

provided in Appendix I.

SCOPE OF SERVICE

3. The scope of service for the Phase | portion of the project comprises a geotechnical
exploration and subsequent laboratory testing. A separate Phase Il scope of service for
geotechnical engineering analyses will be developed after review of the results of Phase
| by CPRA. Geotechnical exploration to determine subsurface conditions and
stratification, and to obtain samples of the various substrata included 37 exploration
locations. These locations generally correspond to those identified in a Coastal Use
Permit (CUP) obtained by the CPRA. A summary of the locations and designations for the
marsh creation area, terrace field, and Lake Lery borrow area is given in Table 1. Our

exploration included geotechnical soil borings and cone penetration tests (CPT).

4, Soil mechanics laboratory tests, performed on samples obtained from the soil borings,

were used to evaluate the physical properties of the subsoils.
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TABLE 1: SUMMARY OF EXPLORATION PLAN

PROPOSED
FEATURE BORING DESIGNATION CPT DESIGNATION EXPE2E¢;ION
IN FEET
BA-1
BA-2
BA-3
BA-4
BA-5
Lake Lery Borrow Area BA-6 - 15
BA-7
BA-8
BA-9
BA-10
BA-11
BA-12
TB.4* LCPT-1
(Originally Called L-1 and tgg:;
Delacroix Tidal Levee Co-located with LCPT-3; " 40
Moved and Renamed in LCPT-4
the Field) LCPT-5
LCPT-6
B-1* CPT-1%*
B-2* CPT-2%*
B-3* CPT-3*
B-4 CPT-4
B-5 CPT-5
Marsh Creation Area and CPT-6 30
Terrace Field CPT-7
- CPT-8
CPT-9
CPT-10
B-6* CPT-11%*
- CPT-12
*Co-located
MAGNETOMETER SURVEY
5. T. Baker Smith, LLC performed a magnetometer survey at each boring and CPT location

to ensure no pipelines or obstructions existed at the proposed geotechnical exploration
points before Eustis Engineering’s field operations. T. Baker Smith ran a closed loop path

with the magnetometer. This path completely enclosed the exploration locations at the
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6.

center and maintained a minimum path over a 25-ft by 25-ft area. T. Baker Smith staked
each boring and CPT location. The T. Baker Smith survey crew used an RTK unit at each
boring/CPT location and recorded water depth and mudline elevation. Elevations are
referenced to North American Vertical Datum of 1988 (NAVD 88) Geoid 12A. T. Baker
Smith also installed a tide staff referenced to NAVD88, Geoid 12A in the project area. The
topographic and magnetometer survey results by T. Baker Smith are provided in Appendix

FIELD EXPLORATION

General

Prior to commencing field operations, Eustis Engineering completed the following tasks

as noted in the scope of service document provided by CPRA:

° contact the landowner identified by the CPRA by telephone;

° coordinate with the landowners during waterfowl hunting and alligator nesting
seasons, as applicable (Teal season in September);

° coordinate with St. Bernard Parish Public Works Department for locations within
the tidal levee;

° contact Louisiana One Call to clear underground utilities; and

° perform magnetometer and hazard surveys (performed by T. Baker Smith) at the

proposed soil boring and CPT locations.

Exploration Locations and Depths. Refer to Appendix Il for a summary of the boring and

CPT depths and locations. These locations are generally consistent with the CUP provided
by CPRA and are based on the furnished location plan provided in Appendix I. T. Baker

Smith staked boring locations in Lake Lery and the marsh creation areas based on the
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location plan provided in the scope of service document. Note, the boring on the Tidal
Levee was moved from the location of LCPT-3 to the location of LCPT-4. GPS coordinates
for the boring and CPT locations are shown on the boring and CPT logs in terms of latitude

and longitude in Appendices Il and IV.

The undisturbed type soil test borings within the Lake Lery Borrow were drilled between
3 and 4 September 2020 using a drill rig mounted on pontoons. Airboat mounted
equipment was utilized to complete the marsh creation and terrace field borings and CPTs
between 8 and 11 September 2020. This third-party equipment was provided by
Specialized Environmental Resources, Inc. (SER). CPTs along the tidal levee were
completed using our track mounted cone rig between 20 and 21 October 2020. The tidal
levee boring was completed using a track mounted Geoprobe® rig on 9 November 2020.
Upon completion of the drilling operations, each boring was backfilled with cement-

bentonite grout mix in accordance with current State of Louisiana requirements.

Undisturbed Soil Borings

10.

Undisturbed samples of cohesive or semi-cohesive subsoils were obtained continuously
for the first 20 feet and then at intervals of 5 feet, or changes in stratum, thereafter, using
a 3-in. diameter thinwall Shelby tube sampler in accordance with ASTM D1587. Soil
samples were retained within the Shelby tubes and transported to our laboratory located
in Metairie, Louisiana. The samples were extruded in our laboratory in an effort to
preserve sample quality. Detailed descriptive logs of the borings are shown in both

tabular and graphical form in Appendix IlI.

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.”
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11. Samples of cohesionless and semi-cohesive materials were obtained during the
performance of in situ Standard Penetration Tests. This test consists of driving a 2-in.
diameter sampler 1 foot into the soil after first seating it 6 inches. A 140-lb 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 cohesionless soils and the consistency
of cohesive soils. The results of the Standard Penetration Tests are shown on the boring

logs under the column heading “SPT.”

Cone Penetration Tests

12. The CPTs were performed using a 10-cm? cross-sectional area cone with a 60° apex angled
tip and 150-cm? sleeve area. The soundings were hydraulically advanced into the ground
at a rate of approximately 2 cm/sec. The sleeve friction was measured directly using a
tension load cell. The testing was performed in accordance with methods and procedures
outlined in ASTM D5778-12. During CPT testing, CPT parameters (tip resistance, friction

resistance, and pore pressure) were recorded at 5-cm depth intervals.

13. Undrained shear strengths in cohesive and semi-cohesive strata and standard penetration
blow counts in granular strata are interpreted from the CPT soundings using available
software. These CPT plots provide measurements of corrected cone tip resistance (q),
sleeve friction resistance (fs), and pore pressure behind the cone tip (uz). The plots also
provide interpreted data based on the measured parameters: undrained shear strength
(Su), equivalent blow count from a SPT (Neo), and soil behavior type. These values are
interpreted from correlations developed by Robertson et al. (1986) and Lunne, Robertson
and Powell (1997), and our engineering experience in southeastern Louisiana. Our
standard practice, and that of others in the southeastern Louisiana area, has been to use
one site specific correction factor based on a study performed by the U.S. Army Corps of

Engineers entitled “Cone Penetration Test Correlations in New Orleans Area Practice,
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14.

15.

16.

17.

Report Submitted to the New Orleans District, USACE,” by the Department of Civil and
Environmental Engineering, Virginia Tech, Blacksburg, Virginia, dated November 2010,
and other projects where CPT and 5-in. diameter undisturbed borings were performed.
Two correlation methods for interpreting undrained shear strength are presented on the
CPT logs. These include (Su)(2) and (Su)(6) based on cone factors of Nx = 15 and N¢ = 20,

respectively. The plots of interpreted shear strength are included in Appendix IV.

LABORATORY TESTS

Soil mechanics laboratory tests, consisting of natural water content, unit weight, and one-
point unconsolidated undrained triaxial compression shear (OB), were performed on
undisturbed samples obtained from the borings. Atterberg liquid limits (LL), plastic limits
(PL), organic content tests (ORG), and tests to determine the percent passing the #200
(-200) sieve were performed on selected representative samples to aid in classification of
the subsoils and to give an indication of their relative compressibility. The results of these

laboratory tests are tabulated on the boring logs in Appendix Ill.

In addition, consolidation tests (CONS) were performed on selected representative
samples from the borings performed at the project site. These tests were performed to
help define the stress history of the site and to develop settlement parameters. The

results of these tests are provided on the CONS report sheets in Appendix V.

Grain size distribution from sieve and hydrometer testing was completed from select

samples. The results of these tests are provided in Appendix VI.

Settling Column. To evaluate the hydraulically dredged material from the proposed

borrow area (shown on Figure 2), we performed one settling column test on a composite

sample. The samples used to make the composite mixture were determined by CPRA.
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The soil and water samples were combined to generate a composite slurry with an
approximate concentration of 150 g/L. The test results are presented in Appendix VI. The
test was performed in an 8-in. diameter by 8-ft high column. In addition, a particle size
distribution curve was obtained for the composite sample used for the settling column
test. The settling column data and other additional information are also provided in
Appendix VII. The settling column test results will be evaluated and incorporated into the
settlement analyses to determine the amount of marsh fill required to be pumped into

the marsh creation areas to meet final elevation criterion.

18. Low Pressure Consolidation. We performed one low pressure consolidation test on the

same composite material that was used for the settling column test to further define the
borrow material’s self-weight consolidation properties. A higher concentration of
approximately 420 g/L was used for the low-pressure consolidation test. Compression
ratios and coefficients of vertical consolidation and estimates of permeability were
determined as a function of initial void ratio for each load step to assist in the evaluation
of long term self-weight consolidation of the marsh creation fill. The results of this test
are provided in Appendix VIIl. The low-pressure consolidation test results will be
evaluated and incorporated into the settlement analyses to determine the amount of

marsh fill required to be pumped into the marsh creation areas to meet final elevation

criterion.
DESCRIPTION OF SUBSURFACE SOIL CONDITIONS
Area Geology
19. The project area is located east of Delacroix Island. Surface geology maps available for

the project area indicate the marsh creation area is primarily deposits of the St. Bernard

delta lobe of the Mississippi River. These deposits are composed of cyclically interbedded

State of Louisiana
Coastal Protection and Restoration Authority Page 8 of 13
Eustis Engineering Project No. 24431



20.

21.

interdistributary peat and clay; natural levee silt and clay; distributary sand; delta front
sand; and prodelta mud and clay. The near surface soils within the marsh creation area
encountered are consistent with relatively recent saline marsh deposits. The saline marsh

deposits are composed of extremely soft to very soft organic clays, peat, and humus.

The island of Delacroix and the subsurface of the adjacent tidal levee are primarily
deposits of a meander belt of the distributary course of the Plaguemines and Balize Delta
lobes of the Mississippi River. These deposits comprise sandy point bar deposits and

natural levee deposits.

Figures 3, 4 and 5 present the general subsoil profile across the project site for the borrow

area, marsh creation area, and tidal levee, respectively.

Stratigraphy

22.

23.

Marsh Creation and Terrace Borings and CPTs. A review of borings B-1 through B-6 cones

CPT-1 through CPT-11 indicates the general stratigraphy for the project area comprises
extremely soft to soft gray and brown humus, peat and organic clay to approximate
depths of 0to 5 feet below the mudline. These organic clays were underlain by extremely
soft to soft gray clay and silty clay with interbedded strata of very loose to loose gray silty
sand, clayey sand, and fine sand and very loose to loose sandy silt and clayey silt to boring
termination depths of 30 feet below the mudline. Should these sand layers become
problematic or should a more thorough mapping of these layers be necessary prior to
construction, a geophysical survey should be implemented. Pockets of shells and shell

fragments were also encountered across the site.

Borrow Area Borings. A review of boring BA-1 through BA-12 indicate a general

stratigraphy of alternating stratum of extremely soft to soft dark gray, gray, and brown
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24.

humus/organic clay and extremely soft to soft gray clay. Some interbedded strata of very
loose gray silty sand and gray silt were also encountered in some of the borrow borings.

Pockets of shells and shell fragments were encountered in all borings in the borrow area.

Tidal Levee Boring and CPTs. A review of borings LB-4 and cones LCPT-1 through LCPT-6

indicates approximately 5-8 feet of existing levee fill. Geotextile reinforcement was
encountered in LB-4. Beneath these stiffer fill materials, we encountered soft gray and
tan clay and silty clay. A strata of loose gray silty sand to loose gray clayey silt was
encountered in LB-4 at an approximate depth of 19-25 feet below the existing levee
crown. Based on the completed CPTs this appears to be a continuous strata of loose
coarse grained material that was encountered along the existing levee alignment. Thin
layers of black or brown organic clay were also encountered. CPTs 2, 3, 5, and 6 also
encountered a second coarse grained stratum approximately 35 to 38 feet below the

existing levee crown.

Depth to Mudline/Depth to Groundwater

25.

Standing water was encountered at most boring and CPT locations during the duration of
our field work, as summarized in Table 2. Please note that the approximate depth
presented below corresponds to the depth at the time of our exploration. Slight
differences to the depths presented in Appendix Il are anticipated. The site survey by T.
Baker Smith was conducted when the mean water level in the vicinity of the site was

approximately el 0.5 ft (NAVD88).
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TABLE 2: DEPTH OF STANDING WATER

FIELD EXPLORATION APPROXIMATE DEPTH
PROJECT FEATURE EQUIPMENT TYPE POINT DESIGNATION OF STANDING WATER
IN FEET
BA-1 5’
BA-2 4
BA-3 4.17'
BA-4 4.17'
BA-5 5’
Pontoon Mounted BA-6 5’
Borrow Area I
Drill Rig BA-7 5.75’
BA-8 7.5
BA-9 4.67'
BA-10 5.92
BA-11 3.33’
BA-12 5’
B-1/CPT-1 4'/3’
B-2/CPT-2 3.5"/3.5
B-3/CPT-3 4'/3.25’
B-4 3.33
B-5 3’
CPT-4 3.5
Marsh Creation/ Airboat Mounted CPT-5 4
Terrace Areas Drill/CPT Rig CPT-6 3.5
CPT-7 2.5
CPT-8 2.5
CPT-9 4.5’
CPT-10 2.5
B-6/CPT-11 5.42' /4
CPT-12 4
26. Borings and CPTs along the tidal levee were completed along the levee centerline. The

depth to groundwater was only recorded for TB-4 after a 15-minute waiting period.
Water was initially encountered at a depth of 9 feet and had risen to 8 feet after 15

minutes. This time period was not sufficient to determine the stabilized depth to ground

water.

27. The water depth/depth to ground water will vary with tidal fluctuations; climatic

conditions; drainage improvements; and other factors.

The water level and site
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conditions should be investigated by those persons responsible for construction

immediately prior to beginning work.

LIMITATIONS

28. This report has been prepared in accordance with generally accepted geotechnical
engineering practice for the exclusive use of CPRA for specific application to the subject
site. In the event of any changes in the nature or location of the proposed marsh creation
and ridge restoration features, the information contained in this report shall not be
considered valid unless the changes are reviewed and this report is modified and verified
in writing. Should these data be used by anyone other than CPRA, the user should contact
Eustis Engineering for interpretation of data and to secure any other information

pertinent to this project.

29. Our findings in this report are based on selected points of field exploration, laboratory
testing, and our understanding of the proposed project. Further variations in soil or
ground water conditions could exist between and beyond the exploration points. The
nature and extent of these variations may not become evident until construction.
Variations in soil or ground water may require additional studies, consultation, and

possible revisions to our recommendations.

30. Eustis Engineering has striven to provide our services in accordance with accepted
geotechnical engineering practices in this locality at this time. No warranty or guarantee
is expressed or implied. The results of the soil borings, CPTs, and laboratory tests
contained in Appendices | through VI of this report may be included in the plans and

specifications.
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31. The scope of our services does not include an environmental assessment or an
investigation for the presence or absence of wetlands and hazardous or toxic materials in
the soil; surface water; ground water; or air on, below, or adjacent to the subject
property. Furthermore, the scope does not include the investigation or detection of
biological pollutants at the site. The term “biological pollutants” includes but is not
limited to molds, fungi, spores, bacteria, viruses, and the byproducts of any such

biological organisms.
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APPENDIX |
FURNISHED INFORMATION



Louisiana Coastal Wetlands Conservation and Restoration Task Force

April 2019
Cost figures as of: aaaDatePadPad

East Delacroix Marsh Creation

and Terracing (BS-37)

Project Status

Approved Date: 2019 Project Area: 597 acres
Approved Funds: $3.64 M Total Est. Cost: $39.8 M
Net Benefit After 20 Years: 314 acres

Status: Engineering and Design

Project Type: Marsh Creation

PPL #: 28

Location

This project is located in Region 2, Breton Basin, St.
Bernard Parish.

Problems

Hurricanes Katrina and Rita caused the majority of wet-
land loss in the project area. Wind erosion and saltwater
intrusion have resulted in loss of marsh vegetation and
wetland soils. Marsh loss has increased exposure of
Delacroix to flooding from the east/southeast. The 1984
to 2018 USGS loss rate is -1.58%/yr for the extended
project boundary area.

Drone image of the marsh creation area facing northeast.

www.LaCoast.gov

Restoration Strategy

The project goal is to create and nourish approximately
406 acres of marsh and construct approximately 12,950
linear feet of terraces (approximately 8 acres) utilizing a
layout to help protect the community of Delacroix.

Sediment would be hydraulically dredged from Lake
Lery and placed in two confined disposal areas creating
353 acres of marsh and nourishing 53 acres of existing
marsh. Two creation cells allow a channel for the exist-
ing pump station. Approximately 12,950 ft of earthen
terraces would be constructed. The side and crown of
the terraces would be planted with appropriate bare root
plants in one row per side and crown.

Two additional areas of deteriorating marsh south and
east of the proposed project will be investigated should
the project be considered for further evaluation. There-
fore, data acquisitioned for Engineering & Design will
include an additional 114 acres to allow flexibility for
analysis of these alternate features.

Progress to Date

This project was approved for Phase I Engineering and
Design in February 2019.

The project is on Priority Project List (PPL) 28.

For more information, please contact:

Federal Sponsor:

National Marine Fisheries Service
Baton Rouge, LA

(225) 389-0508

Local Sponsor:

Coastal Protection and Restoration Authority
Baton Rouge, LA

(225) 342-4733
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APPENDIX I
SITE SURVEY
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APPENDIX 11l
BORING LOGS



LEGEND AND NOTES FOR

E EUSTIS

ENGINEERING

SINCE 1946 LOG OF BORING AND TEST RESULTS
PP Pocket penetrometer: Resistance in tons per square foot
SPT Standard Penetration Test: Number of blows of a 140-Ib hammer dropped 30 inches required to

drive 2-in. O0.D., 1.4-in. I.D. sampler a distance of 1 foot into the soil after first seating it 6 inches.
Values shown have not been corrected.

SPLR Type of Sampling . Shelby M SPT m Auger E Vibracore |:| No sample

SYMBOL Clay Silt Sand Peat/Humus Shells Stone/Gravel

(o LR RN 3
7 *e* ANAAA P95 53 "*0
/ e o AAAA ’.i’:f:‘_’: ‘.‘.

Predominant type shown heavy; modifying type shown light

uUsC Unified Soil Classification

DENSITY  Unit weight in pounds per cubic foot

SHEAR TESTS
TYPE

UC Unconfined compression shear

OB Unconsolidated undrained triaxial compression shear on one specimen confined at the approximate
overburden pressure

UU Unconsolidated undrained triaxial compression shear
CU Consolidated undrained triaxial compression shear
DS Direct shear

) Angle of internal friction in degrees
C Cohesion in pounds per square foot

ATTERBERG LIMITS
LL  Liquid Limit
PL  Plastic Limit
Pl Plasticity Index

OTHER TESTS
CON Consolidation
-#200 Percent passing a U.S. No. 200 sieve
SV Particle size distribution (sieve only)
PD Particle size distribution (sieve and hydrometer)
k Coefficient of permeability in centimeters per second
SP Swelling pressure in pounds per square foot

Other laboratory test results reported on separate figures

GENERAL NOTES

(1) If a ground water depth is shown on the boring log, these observations were made at the time of drilling and were
measured below the existing ground surface. These observations are shown on the boring logs. However, ground
water levels may vary due to seasonal fluctuations and other factors. If important to construction, the depth to
ground water should be determined by those persons responsible for construction immediately prior to
beginning work.

(2) While the individual logs of borings are considered to be representative of subsurface conditions at their respective
locations on the dates shown, it is not warranted that they are representative of subsurface conditions at other
locations and times.
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APPENDIX IV
CONE PENETRATION TEST RESULTS



E E U S T I S CONE PENETRATION

ENGINEERING SOIL BEHAVIOR TYPE LEGEND

SINCE 1946

1 - SENSITIVE FINE GRAINED

- 5 - CLAYEY SILT TO SILTY CLAY
- 6 - SANDY SILT TO CLAYEY SILT

- 7 - SILTY SAND TO SANDY SILT

- 10 - GRAVELLY SAND TO SAND

- 11 - VERY STIFF FINE GRAINED (*)
- 12 - SAND TO CLAYEY SAND (*)

*OVERCONSOLIDATED OR CEMENTED
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CPT Correlations

References are in parenthesis next to the appropriate equation.

General

p.=atmospheric pressure (for unit normalization)
g=corrected cone tip resistance (tsf)

fs=friction sleeve resistance (tsf)

R¢ = 100%-(fs/qy)

u,=pore pressure behind cone tip (tsf)
uo=hydrostatic pressure

Bq = (Uz-Uo)/( Qt‘ovo)
Q=(qr0vo) O'vo
F:=100% - fs/( qr-Ovo)

lc = ((347-|Oth)2 + (logF+1 '22)2)0.5 ,
Isgr = ((347'|Og(qclpa))z+(|og F.+1 .22)2)0.5 -
IcJ&D =\/{3 — lOg (Qt . (1 — Bq)}z + [15 +13- IOg (Fr)]z 97
Ic J&B = \/{3 - lOg (Qt . (1 - Bq) + 1}2 + [15 +13- IOg (Fr)]z o8
59 .

Ko (1) K, = (1‘Sin(P)OCRS'mp

Ko (2) Ko = 0.1(Qy) 1

Stress History
OCR =0,/0y,

OCR (1) op" = 0.33(q; — 0v0) - clays 8

OCR (2) o, = 0.53(uz — u,) - clays 9

OCR (3) o, = 0.60(q; — uy) - clays 9

OCR (4) OCR =0.25 Q"* - clays 37

OCR (5) OCR = [ 0.192%(q¢ /Pa)®?? ]sin @'=027) _ onds 35
(1-sin(@")-(aho/Pa )

OCR (6) O, =.101:p, 0102. G, 0478 5! 0420 _ gl soils 36

N-Value

Neo = (q/pa)/[8.5(1-1/4.6)] 6

Undrained Shear Strength

Su (1) Su = (U2 — Up)/Ny where 7 < N,<9

S, (2) Su = (qt — Ovo)/ Nt where 15 < Ny < 20

S, (3) Su=0.091* ((0°wo>?) * (gt — Ovo )*®

S, (4) Su = (qc — Ovo)/Nk where 15 < Ny < 20

Su (5) S. = q¢N¢ where XXX £ N.<YYY

S, (6) Su = q/N¢ where XXX £ N.2YYY

Effective Cohesion

10
11
21
11



c'=0.02* 0, 38
Drained Friction Angle

o (1) @ =17.6 + 11.0Log[q¢/(0v0")*] 1
@ (2) ¢ = arctan[0.1 + 0.38Log(q/0vo )] 13
¢ (3) ¢ " = 30.8Log[(fs/0,,)*+1.26] (for clays or sands) 14
P (4) ¢ =29.5B,"""" (0.256 + 0.33 B, + Log(Qy)) 24
Unit Weight
P =VNw
p = 0.8Log(Vs) Vs in m/sec 17
Relative Density and Void Ratio
Dk (1) Dk = 100(qe:/305)™ where, qer = qd/( 0uo)'"
Dr (2) Dr =-1.292 + 0.268In(qc - (G40 %)) 18
Dr (4) Dk = 1/2.91 * In((qc/(61* 64 %""))*100 20
Dk (5) Dr = 100%(0.268*In((q¢/pa)/(c'vo/Pa)0.5) — 0.675) 34
€, = 1.099 — 0.204log(qc1) 1
ED =5 oh ID =20- 014(Rf) KD = ED/(347ID 0'\,0’)
Compressibility
M (1) = R, Ep where R,,= function(lp, Kp) see the following table 22

Irb<=0.6 Ry =0.14 + 2.36 log Kp

|D>=3 RM=0.5+2|Og KD

0.6 < ID <3 RM = RM,D + (25 - RM,D)Iog KD
Rup =0.14 + 0.15(Ip — 0.6)

Kp > 10 Ry =0.32 + 2.18 log Kp

RM < RM =0.85

0.85
M (2) M = g,-10(090-0750R) sands 1
M (3) M = 8.25 (q;- Ovo) clays 1
M (4) M = a- Gpgy Where 0.02 < a < 2 and Gy is fromVs 33
Rigidity Index
Ip = exp [(% +2.925) - (%) - 2.925] where M = 6sin® /(3 —sin®’) 39
Sensitivity
Si (1) Si=7.5/R¢ 2
Si(2) St = (¢~ 0v0)/(15-f5) 2

Fines Content
FC = [(3.58-log(qy))*+(1.43+log(Ry))4]"® 4
FC = [5.31(ls)*"]+9.61, where |y = [(1.95-LogQy)*+(logF+1.78)4%°




Shear Wave Velocity

Vo(1) = 277 - 213 - 6,,°% (sands) - m/s and MPa

V,(2) = 1.75 - q{%%7 (clays) - m/s and kPa

V.(3) = (10.1 - log q, — 11.4)167 - (5—5- 100)°2  (all soils) — m/s and kPa 31
t

V,(4) =118.8-log f; + 18.5 (all soils) — m/s and kPa

Gmax = stz

Hydraulic Conductivity
Lookup based on SBT and SBTn (1986 and 1990)

29

30

32

40



Normalized Soil Behavior Types - Robertson & Campanella (1990)
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Non-Normalized Soil Behavior Types — Robertson & Campanella
(1986)
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Remarks:

ASTM D7928-17 was Performed

Figure

STATE OF LOUISIANA, OFFICE OF COASTAL

Client:
LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY || OSpecific Gravity was Estimated

24431

Project No.
Project:

(CPRA),
O Source of Sample: BA-9

Sample Number: §B

B4 EUSTIS

Depth: 19.67

Checked By: CD

Tested By: BH



Particle Size Distribution Report
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Remarks:

ASTM D7928-17 was Performed

Figure

STATE OF LOUISIANA, OFFICE OF COASTAL

Client:
LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY || OSpecific Gravty was Estimated

24431

Project No.
Project:

(CPRA),
O Source of Sample: BA-10

Sample Number: 4A

B4 EUSTIS

Depth: 11.92

Checked By: CD

Tested By: BH



Particle Size Distribution Report
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Remarks:

ASTM D7928-17 was Performed

Figure

STATE OF LOUISIANA, OFFICE OF COASTAL

Client:
LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY || OSpecific Gravity was Estimated

24431

Project No.
Project:

(CPRA),
O Source of Sample: BA-11

Sample Number: 5A

B4 EUSTIS

Depth: 11.33

Checked By: CD

Tested By: BH



Particle Size Distribution Report
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Remarks:

ASTM D7928-17 was Performed

Figure

STATE OF LOUISIANA, OFFICE OF COASTAL

Client:
LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY || OSpecific Gravity was Estimated

24431

Project No.
Project:

(CPRA),
O Source of Sample: BA-12

Sample Number: 3A

Depth: 9

B4 EUSTIS

Checked By: CD

Tested By: BH
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SETTLING COLUMN TEST RESULTS



2ce Analytical

www.pacelabs.com

Project: East Delacroix
Pace Project No.: 20178218

ANALYTICAL RESULTS

Pace Analytical Services, LLC
1000 Riverbend Blvd - Suite F
St. Rose, LA 70087

(504)469-0333

Sample: Water sample/ 24431

Lab ID: 20178218001 Collected: 11/03/20 00:00 Received:

11/03/20 15:38  Matrix: Water

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
Salinity by Conductivity Analytical Method: SM 2520B Modified
Pace Analytical Services - New Orleans
Salinity 6100 mg/L 1.0 1 11/04/20 11:44
REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
Date: 11/04/2020 12:33 PM without the written consent of Pace Analytical Services, LLC. Page 6 of 11



2ce Analytical”

www.pacelabs.com

Pace Analytical Services, LLC
1000 Riverbend Blvd - Suite F

St. Rose, LA 70087
(504)469-0333

QUALITY CONTROL DATA
Project: East Delacroix
Pace Project No.: 20178218
QC Batch: 205941 Analysis Method: SM 2520B Modified

QC Batch Method:  SM 2520B Modified

Associated Lab Samples: 20178218001

Analysis Description:
Laboratory:

2520B Salinity by Conductivity
Pace Analytical Services - New Orleans

METHOD BLANK: 963235

Matrix: Water

Associated Lab Samples: 20178218001
Blank Reporting

Parameter Units Result Limit Analyzed Qualifiers
Salinity mg/L ND 1.0 11/04/20 11:41
LABORATORY CONTROL SAMPLE: 963236

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Salinity mg/L 25000 24500 98 90-110
SAMPLE DUPLICATE: 963237

20178218001 Dup Max

Parameter Units Result Result RPD RPD Qualifiers

Salinity mg/L 6100 6100 0 20

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

Date: 11/04/2020 12:33 PM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, LLC.

Page 7 of 11



GRAIN SIZE DISTRIBUTION TEST DATA 12/7/2020

Client: STATE OF LOUISIANA, OFFICE OF COASTAL PROTECTION AND RESTORATION AUTHORITY,
BATON ROUGE, LOUISIANA

Project: LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY (CPRA),
EAST DELACROIX MARSH CREATION PROJECT, ST. BERNARD PARISH, LOUISIANA
CONTRACT NO. 4400015385. PROJECT NO. BS-0037. TASK NO. 4

Project Number: 24431

Location: Settlement Composite

Material Description: Gray Clay w/ Traces of Fine Sand, Organic Matter and Shell Fragments

Liquid Limit: 59 Plastic Limit: 21

USCS Classification: CH

Testing Remarks: Organic Content = 3.52%

Tested by: BH Checked by: RR

Material specification: 24438

Sieve Test Data

Post #200 Wash Test Weights (grams): Dry Sample and Tare = 2.60
Tare Wt. = (0.00
Minus #200 from wash = 94.9%

Dry Cumulative Cumulative
Sample Pan Sieve Weight Lower Upper Deviation
and Tare Tare Tare Weight Opening Retained Percent Percent Spec. Spec. From
(grams) (grams) (grams) Size (grams) Finer Retained Limit, % Limit, % Spec., %
50.75 0.00 0.00 #10 0.00 100.0 0.0
#20 0.06 99.9 0.1
#40 0.15 99.7 0.3
#60 0.20 99.6 0.4
#100 0.30 99.4 0.6
#140 0.71 98.6 1.4
#200 2.23 95.6 4.4

Hydrometer Test Data

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =50.75
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -6.06
Meniscus correction only = 0.9
Specific gravity of solids = 2.69
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
0.50 21.8 46.0 40.3 0.0132 46.9 8.6 0.0547 78.7 21.3
1.00 21.8 43.0 37.3 0.0132 43.9 9.1 0.0398 72.8 27.2
2.00 21.8 39.0 333 0.0132 39.9 9.8 0.0291 65.0 35.0
5.00 21.8 35.0 29.3 0.0132 359 10.4 0.0190 57.2 42.8
15.00 21.8 30.0 24.3 0.0132 30.9 11.2 0.0114 47.5 52.5
30.00 21.8 28.0 22.3 0.0132 28.9 11.6 0.0082 43.5 56.5
60.00 21.9 25.0 19.3 0.0132 25.9 12.0 0.0059 37.7 62.3
120.00 21.9 23.0 17.3 0.0132 23.9 12.4 0.0042 33.8 66.2
250.00 22.0 21.0 15.3 0.0132 21.9 12.7 0.0030 30.0 70.0

Eustis Engineering L.L.C.




Hydrometer Test Data (continued)

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1440.00 22.8 16.0 10.6 0.0130 16.9 13.5 0.0013 20.6 79.4
Fractional Components
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 0.3 4.1 4.4 60.0 35.6 95.6
Ds D10 D15 D20 D39 Dao Dso Deo Dgo Dgs Dgo Dos
0.0030 | 0.0067 | 0.0133 | 0.0225 | 0.0563 | 0.0617 | 0.0671 | 0.0739
Fineness
Modulus
0.01

Eustis Engineering L.L.C.




Particle Size Distribution Report
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Remarks:

Figure

STATE OF LOUISIANA, OFFICE OF COASTAL

Client:
LOUISIANA, STATE OF - COASTAL PROTECTION AND RESTORATION AUTHORITY | OOrganic Content = 3.52%

24431

Project No.
Project:

(CPRA),
O Location: Settlement Composite

B EUSTTS

Checked By: RR

Tested By: BH



SETTLING COLUMN DATA SHEET

Project ID: LCA Budmat, Barataria Bay Waterway, Jefferson Parish, Louisiana Date: 4/28/20to 5/13/20

Eustis Engineering Project No. 24097

Initial
Analyst: Ryan Rodrigue, and BH Conc: 151.2 g/L
Salinity: 6100 mg/I Target Conc: 150.0 g/L
6.1 ppt Specifc Gravity: 2.59
Surface Solids Coarse
Date Time E|3P(S;(:n';"me Water Interface Material Ports Sampled
Height in feet Height in feet Height in inches
123050

11/9/2020 8:00 0 6.41 6.41 NA for concentration check
11/9/2020 8:05 5 6.39 6.39

11/9/2020 8:20 20 6.39 6.37

11/9/2020 8:25 25 6.39 6.36

11/9/2020 8:35 35 6.39 6.35

11/9/2020 8:40 40 6.39 6.34

11/9/2020 8:45 45 6.39 6.33

11/9/2020 8:50 50 6.39 6.32

11/9/2020 8:55 55 6.39 6.31

11/9/2020 9:05 65 6.39 6.3

11/9/2020 9:15 75 6.39 6.29

11/9/2020 9:30 90 6.39 6.27

11/9/2020 9:45 105 6.39 6.25

11/9/2020 10:00 120 6.39 6.23

11/9/2020 10:15 135 6.39 6.21

11/9/2020 10:30 150 6.39 6.18

11/9/2020 10:45 165 6.39 6.15

11/9/2020 11:00 180 6.39 6.13

11/9/2020 11:15 195 6.39 6.11

11/9/2020 11:30 210 6.39 6.08

11/9/2020 11:45 225 6.39 6.05

11/9/2020 12:00 240 6.39 6.03

11/9/2020 12:15 255 6.39 6

11/9/2020 12:30 270 6.39 5.98

11/9/2020 12:45 285 6.39 5.95

11/9/2020 13:00 300 6.39 5.93

11/9/2020 13:15 315 6.39 5.91

11/9/2020 13:30 330 6.39 5.88

11/9/2020 14:00 360 6.39 5.86

11/9/2020 14:15 375 6.39 5.83

11/9/2020 14:30 390 6.39 5.81

11/9/2020 14:45 405 6.39 5.79

11/9/2020 15:00 420 6.39 5.75

11/9/2020 15:15 435 6.39 5.74

11/9/2020 15:30 450 6.39 5.72

11/9/2020 15:45 465 6.39 5.69

11/9/2020 16:00 480 6.39 5.67

11/9/2020 16:15 495 6.39 5.64

USTIS ENGINEERING L.L.C. PAGE 1 OF 3



SETTLING COLUMN DATA SHEET

Project ID: LCA Budmat, Barataria Bay Waterway, Jefferson Parish, Louisiana

Eustis Engineering Project No. 24097

Date: 4/28/20to 5/13/20

Initial
Analyst: Ryan Rodrigue, and BH Conc: 151.2 g/L
Salinity: 6100 mg/I Target Conc: 150.0 g/L
6.1 ppt Specifc Gravity: 2.59
Surface Solids Coarse
Date Time E|3P(S;(:n';"me Water Interface Material Ports Sampled
Height in feet Height in feet Height in inches
11/9/2020 16:30 510 6.39 5.62
11/9/2020 18:00 600 6.39 5.44
11/9/2020 20:10 730 6.39 5.23
11/10/2020 6:23 1343 6.39 4.5
11/10/2020 7:20 1400 6.39 3.91
11/10/2020 8:20 1460 6.39 3.76
11/10/2020 8:50 1490 6.39 3.68
11/10/2020 9:30 1530 6.39 3.56
11/10/2020 10:00 1560 6.39 3.49
11/10/2020 10:30 1590 6.39 3.46
11/10/2020 11:00 1620 6.39 3.45
11/10/2020 11:30 1650 6.39 3.44
11/10/2020 12:00 1680 6.39 3.43
11/10/2020 13:00 1740 6.39 3.42
11/10/2020 13:30 1770 6.39 3.41
11/10/2020 14:00 1800 6.39 3.4
11/10/2020 14:30 1830 6.39 3.4
11/10/2020 15:00 1860 6.39 3.39
11/10/2020 15:30 1890 6.39 3.38
11/10/2020 16:00 1920 6.39 3.38
11/11/2020 6:20 2780 6.39 3.22
11/11/2020 7:20 2840 6.39 3.21
11/11/2020 8:20 2900 6.39 3.2
11/11/2020 9:20 2960 6.39 3.19
11/11/2020 10:20 3020 6.39 3.18
11/11/2020 11:20 3080 6.39 3.17
11/11/2020 13:20 3200 6.39 3.16
11/11/2020 14:20 3260 6.39 3.15
11/11/2020 15:20 3320 6.39 3.15
11/12/2020 6:20 4220 6.39 3.05
11/12/2020 10:20 4460 6.39 3.04
11/12/2020 11:20 4520 6.39 3.04
11/12/2020 13:20 4640 6.39 3.03
11/12/2020 15:20 4760 6.39 3.02
11/13/2020 5:40 5620 6.39 2.96
11/13/2020 7:40 5740 6.39 2.95
11/13/2020 10:40 5920 6.39 2.94
11/13/2020 12:40 6040 6.39 2.93
11/14/2020 10:30 7350 6.39 2.86
11/15/2020 10:30 8790 6.39 2.8
11/16/2020 11:00 10260 6.39 2.74

USTIS ENGINEERING L.L.C.

PAGE 2 OF 3



SETTLING COLUMN DATA SHEET

Project ID: LCA Budmat, Barataria Bay Waterway, Jefferson Parish, Louisiana

Eustis Engineering Project No. 24097

Date: 4/28/20to 5/13/20

Initial
Analyst: Ryan Rodrigue, and BH Conc: 151.2 g/L
Salinity: 6100 mg/I Target Conc: 150.0 g/L
6.1 ppt Specifc Gravity: 2.59
Surface Solids Coarse
Date Time E|3P(S;(:n';'ime Water Interface Material Ports Sampled
Height in feet Height in feet Height in inches
11/17/2020 5:20 11360 6.39 2.72
11/17/2020 15:30 11970 6.39 2.68
11/18/2020 6:30 12870 6.39 2.66
11/19/2020 6:00 14280 6.39 2.62
11/20/2020 16:40 16360 6.39 2.59
11/21/2020 10:30 17430 6.38 2.57
11/22/2020 12:00 18960 6.38 2.54
11/23/2020 6:30 20070 6.38 2.51
11/24/2020 6:00 21480 6.38 2.49
11/25/2020 5:00 22860 6.38 2.47
11/30/2020 12:55 30535 6.38 2.38
12/1/2020 5:00 31500 6.38 2.36
12/7/2020 10:50 40490 6.38 2.29

USTIS ENGINEERING L.L.C.

PAGE 3 OF 3



' suld

SOLIDS INTERFACE HEIGHT (FEET)
\

120
NOTE:

1) THE SETTLING TEST WAS PERFORMED ON COMPOSITE
SAMPLES OBTAINED FROM THE BA BORINGS: BA-5,
BA-6, BA-7, BA-8, BA-10, BA-12.

2) SAMPLES USED TO FORM THE COMPOSITE CORRESPOND
TO AN APPROXIMATE DREDGE CUT DEPTH OF 10 FEET.
SAMPLES THAT WERE CLASSIFIED AS HAVING ORGANICS
WERE NOT USED IN THE COMPOSITE. THESE SELECTIONS
ARE BASED ON CORRESPONDENCE WITH CPRA ON
10-15-2020

3) AN INITIAL CONCENTRATION OF 151.2 GRAMS PER LITER
WAS USED BASED ON TARGET CONCENTRATION OF 150
GRAMS PER LITER.

180
TIME (HOURS)

240

300

360

SETTLING COLUMN TEST RESULTS

STATE OF LOUISIANA
COASTAL PROTECTION AND RESTORATION AUTHORITY
EAST DELACROIX MARSH CREATION PROJECT

PHASE |

ST. BERNARD PARISH, LOUISIANA
CPRA PROJECT NO. BS-0037

EUSTIS

ENGINEERING
SINCE 1946

DRAWN BY: J.M.W.

JOB NO.: 24431

CHECKED BY: J.J.H.

DATE: 7 DEC. 2020

FILE NAME: 24431 Column Settling
Curve.grf
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NOTE:

1) THE SETTLING TEST WAS PERFORMED ON COMPOSITE
SAMPLES OBTAINED FROM THE BA BORINGS: BA-5,
BA-6, BA-7, BA-8, BA-10, BA-12.

2) SAMPLES USED TO FORM THE COMPOSITE CORRESPOND
TO AN APPROXIMATE DREDGE CUT DEPTH OF 10 FEET.
SAMPLES THAT WERE CLASSIFIED AS HAVING ORGANICS
WERE NOT USED IN THE COMPOSITE. THESE SELECTIONS
ARE BASED ON CORRESPONDENCE WITH CPRA ON
10-15-2020

3) AN INITIAL CONCENTRATION OF 151.2 GRAMS PER LITER
WAS USED BASED ON TARGET CONCENTRATION OF 150
GRAMS PER LITER.

TIME (HOURS)

1000

SETTLING COLUMN TEST RESULTS

STATE OF LOUISIANA

COASTAL PROTECTION AND RESTORATION AUTHORITY
EAST DELACROIX MARSH CREATION PROJECT

PHASE |
ST. BERNARD PARISH, LOUISIANA
CPRA PROJECT NO. BS-0037

DRAWN BY: J.M.W.

JOB NO.: 24431

EUSTIS

CHECKED BY: J.J.H.

DATE: 7 DEC. 2020

ENGINEERING
SINCE 1946

FILE NAME: 24431 Column Settling
Curve.grf
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NOTES:

1) THE SETTLING TEST WAS PERFORMED ON COMPOSITE
SAMPLES OBTAINED FROM THE BA BORINGS: BA-5,
BA-6, BA-7, BA-8, BA-10, BA-12.

2) AN INITIAL CONCENTRATION OF 151.2 GRAMS PER LITER
WAS USED BASED ON TARGET CONCENTRATION OF 150
GRAMS PER LITER.

3) IN ACCORDANCE WITH CHAPTER 3 OF THE USACE
ENGINEERING MANUAL EM 1110-2-5207, THE
CONCENTRATIONS FOR VARIOUS INTERFACE HEIGHTS
WERE CALCULATED USING EQUATION 3-11, C, = (C,H,)/H,,
WHERE C, IS THE SLURRY CONCENTRATION AT TIME t, C,
IS THE INITIAL SLURRY CONCENTRATION, H, IS THE INITIAL
SLURRY HEIGHT, AND H, IS THE HEIGHT OF THE INTERFACE
AT TIME t.
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APPENDIX VIII
LOW PRESSURE CONSOLIDATION TEST RESULTS



CONSOLIDATION TEST REPORT

Project:

Project No. 24431
EAST DELACROIX MARSH CREATION PROJECT

Client:

Ed EUSTIS
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Applied Pressure - psf
Natural Dry Dens. P Initial Void
LL Pl Sp. Gr. c C .
Saturation Moisture (pcf) P (psf) ¢ Ratio
104.4 % 197.2 % 27.6 59 38 2.69 0 0.92 5.081
MATERIAL DESCRIPTION USCS AASHTO
24431 East Delacroix Borrow Composite CH
STATE OF LOUISIANA, COASTAL PROTECTION Remarks:

Low Pressure High Strain Test.
Load Step 1 used machined cap
with laser to record deflection.

Initial concentration approximately

Figure
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Checked By: RR




