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Coastal Restoration Project
Geotechnical Analysis, Design,
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Overview

« Marsh Creation Design Guidelines
* Review of Existing Data
e Subsurface Investigations

- Boring/CPT Layout

- Sampling Frequencies and Depths
 Laboratory Testing

- Testing Types and Frequencies
 Data Synthesis

- Subsurface and Parameter Profiles
 Marsh Creation Settlement Analysis
 Earthen Containment Dike Design

- Slope Stability

- Settlement Analysis

e Construction Monitoring and Instrumentation

COASTAL PROTECTION AND RESTORATION AUTHORITY



Marsh Creation Design Guidelines

* Created in November 2017 to serve as the minimum design standard consistent for the design and
construction of marsh creation projects within the Louisiana Coastal Zone.

- NOT intended to replace professional engineering judgement of the design engineer.

 The Marsh Creation Design Guidelines (MCDG) provide an overview of subsurface investigations (Section
3.5.3), geotechnical engineering of marsh creation projects (3.5.4), and overall marsh creation design (3.6).

* Appendix B of the MCDG contains the Geotechnical Standards for Marsh Creation and Coastal Restoration
Projects, intended to be used as minimal standards for marsh creation projects, and includes guidance for:

- Subsurface Investigations

- Laboratory Testing Requirements

- Earthen Containment Dike Geometry and Slope Stability Design
- Estimated Consolidation Settlement Design Requirements

» The MCDG an appendices contain information on the topics discussed in this presentation.
https://coastal.la.gov/engineering-and-design-standards/
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Review of Existing Data

SOURCES AND IMPACTS TO SUBSURFACE INVESTIGATIONS

* A review of existing data can influence the scope of work and scheduling requirements of a
subsurface investigation, as well as laboratory testing needs. More specifically, existing data
sources can influence items such as:

- Assessing equipment needs and/or access requirements;
- Depth, frequency, and layout of borings and cone penetrometer tests (CPTs), and;
- Determination of sampling locations for a potential borrow source or other project features.

* Existing data sources may include, but are not limited to:
- Geologic and geomorphic maps;

Aerial imagery;
Existing borings logs and CPTs;

Published papers and reports, and;

Information from local, state, and federal agencies.

COASTAL PROTECTION AND RESTORATION AUTHORITY



Review of Existing Data

COASTAL INFORMATION MANAGEMENT SYSTEM (CIMS)

* Link: https://cims.coastal.la.gov/MapHome.aspx

* Main Spatial Viewer - full featured GIS for CPRA projects, monitoring data, restoration and project
features, geotechnical data, and geophysical information.

n Coastal Protection and Restoration Autharity
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Subsurface Investigations

SAMPLING TYPE, DEPTH, AND FREQUENCY/SPACING

SAMPLING TYPE (BORINGS VS. CPTS)

e Cone Penetrometer Tests (CPTs):

- Allows for continuous soil profiling at an increased production rate.

- Does not provide physical soil samples.

- Penetration depth limited in very dense sands/gravels or stiff clays.

- Poor resolution in highly sensitive materials (i.e. organic clays or peats).

* Soil Borings:

- Profiling is often not continuous beyond 20 feet.
- Provides physical soil samples for laboratory testing.
- Allows for classification of highly-sensitive materials and very dense sands/gravels or stiff clays.

SAMPLING DEPTH

* Dependent on specific project feature and required analysis (slope stability, settlement analysis, etc.)

FREQUENCY/SPACING

* Also feature-dependent, but can also be dependent on variability in subsurface materials.

COASTAL PROTECTION AND RESTORATION AUTHORITY



ubsurface Investigations

BY PROJECT FEATURE

SPACING AND DEPTH

COASTAL PROTECTION AND RESTORATION AUTHORITY

Table B- 1 Suggested Soil Boring Spacing, CPT Spacing, and Depth for Restoration Projects (revised 2.2014).

Restoration Project Soil Boring & Type Soil Boring & CPT Saoll Boring &
Feature CPT Location P Spacing [ft.) CPT Depth (ft.)
Marsh Creati MC i i
reation [MC) Proposed MCA | 3" Undisturbed Boring 2 Soil Borings per —
Area hCA
Earthen Containment Centerl CPT/ 3" Undisturbed 2,500" CPT's; 5,000° 30, 2@50
I
Dike [(ECD) nierine Boring Soil Borings ] max.
MC “Inland” Borrow Proposed *Vibracore / 3" General | 1 per 25 acres of —
Area Baorrow Area Type Boring borrow area
MC “Offshore” Barrow | Proposed *Wibracore / 3" General | 1 per 25 acres of £ 25"
Area Borrow Area Type Baring borrow area
"Mississippi River” Identified 3G IT Borin
. . eneral Type Boring/ 10 per borrow area ¥ 60’
Borrow Area Borrow Area *Wibracore / CPT
Barrier Island Beach _ CFT f 3* Undisturbed 2,500 CPT's; 5,000
Centerline i a0, 2@l max.
Dune Baring Soil Borings
; " CPT / 3" Undisturbed 2,000° CPT's; 4,000
Ovyster Barrier Reef Centerling ] ) I, 2@50° max.
Boring Soil Borings
i i CPT /3" Undisturbed 2,000° CPT's; 4,000°
Shoreline Protection Centerling ) . 4, 2@60" max,
Boring Sail Borings
. . _ CPT J 3" Undisturbed 2,500 CPT's; 5,000
Ridge Restoration Centerline ) _ 40°, 2@60" max.
Boring Soll Borings
CPT /37 Undistur
Earthen Terraces Centarline / I 1 per 75 acres 30" max.

Boring

required for hydraulc dredging.
**Sep current version of the CPRA General Guidelines, Exploration far Sedirment Resources for Coastal Restoration.

1 Tha s0il bosing depth should be advanced to the masirnum actent ofthe proposed dredging/escavation Wark

*Wibracores may be taken in conjunction with soil barings IF disturbed soil samples are required b detErmine matesial propetics




Subsurface Investigations

EXAMPLE SUBSURFACE INVESTIGATION

* Marsh Creation Areas (MCAs):
- 2 in each MCA (1 per 90 acres)
- 40-ft depth 7

« Earthen Containment Dikes (ECDs):
- 7 CPTs & 3 co-located borings (1 per 2,700 LF) ' ﬁ&\@
- 40-ft depth | -

 Earthen Ridge: = [ i -
- 6 CPTs & 3 co-located borings (1 per 1,800 LF) A 2 om >
- 50-ft depth

» Terrace Fields:
- 2 borings & 3 CPTs (1 per 70 acres)

4 O ft d e pt h SATELLITE IMAGERY DATED: 20 NOVEMBER 2016
. @ DENOTES LOCATIONS OF UNDISTURBED SOIL BORINGS PERFORMED BETWEEN 21 AND 29 MAY 2020 BORING AND CONE PENETRATION TESTS LOCATION PLAN
[ ] E a rt h e n R | d ge B O r ro W : A DENOTES LOCATIONS OF CONE PENETRATION TESTS PERFORMED BETWEEN 4 AND 12 JUNE 2020 STATE OF LOUISIANA
# DENGTES LOCATIONS OF UNDISTURBED SOIL BORINGS IN CONJUNCTION WITH CONE PENETRATION CZRANDE BAYOU RIDGE AND MARSH RESTORATION |
TESTS PERFORMED BETWEEN 20 MAY AND JUNE 12 2020 PLAGQUEMIMNES PARISH, LOUISIANA

CPRA CONTRACT NO. 4400015385

= 3 b O ri n gs NOTE: CPRA PROJECT NO. BA-0217, TASK NO. 3

CONFIGURATIONS HAVE BEEN ALTERED FROM THE ORIGINAL SCOPE. PLEASE REFER TO FIGURES

4,5, AND & FOR THE NEW MARSH CREATION CELL CONFIGURATIONS. Ea E U STI s CHECKED BY: HCW. | DATE: 11 JUN 2021
ENEINEERING LL
e FISUREZ

CADD FLE
LOCATION PLAN.OGN

THE TERRACE FIELDS HAVE BEEN REMOWVED FROM THE SCOPE AND THE MARSH CREATION CELL TR BTETE. YT

COASTAL PROTECTION AND RESTORATION AUTHORITY



Subsurface Investigations

EXAMPLE PERMITTING LAYOUT

- . 77 T N
* 49 permitting locations narrowed B/ i S XL N

297 32' 02.05" | 89" 47" 19.16" 18 | 29° 32'58.29" | 89" 48'49.03" 28° 32'32.14" | 89° 48" 25.03"

297 32'09.36" | B9 47 26.30" 19 | 29° 32'58.61" | B9 49'08.44" 29" 32'26.16" | B9" 48'26.75%"

d OW n to 2 8 I Ocati O n S fo r fi n a I 29°32'15.11" | 89°47'33.96" || 20 | 29° 33'03.25" | 89" 49'05.82" 29" 32'30.44" | 89° 48' 14.34"

29° 32' 19.87" | 89° 47'43.93" 21

297 32'21.73" | 89" 47 50.06" 22
29°32'24.99" | B 47'53.78" || 23
297 32' 29.63" | 89° 48' 02.56" 24

33'06.05" | 89° 49" 18.45" 28° 32'14.62" | 89" 48'12.97"
32'59.86" | B9" 49 25.33" 29" 32'20.35" | 89”48 01.80"
32'47.58" | 89" 49 17.68" 41 | 29°32'14.74" | 89" 4T 40.78"

35
36
37
© 33'10.43" | BY9" 49 04.31" 38 | 297 32'20.24" | 89" 48 15.71"
39
40

scope.

) 318 3) 3

297 32' 31.45" | 89° 48'03.70" 25 32'44.86" | B9 49 00.43" 42 | 29" 32'06.74" | 89" 47 53.09"

O =IO o s W k=

20°32'38.81" | 89" 48'12.43"
10 | 29732'40.74" | 89° 48 12.30"
11 | 297 32'48.70" | 89° 48'16.79"

29° 32'33.57" | 89°48'54.03" || 43 | 29" 32'09.33" | 89° 47 39.40"
29°32'43.20" | B9°48'40.98" || 44 | 29" 32'14.18" | 89" 47 3531"
29 32'47.37" | B9" 48 50.43" 45 | 29° 32'05.42" | 89" 47 24.66"

12 | 297 32'50.68" | 89° 48' 19.68" 29° 32'49.83" | BY" 48'45.42" 46 | 297 31'55.55" | 89" 47 13.14"

13 | 28°33 01.19" | 89° 48'27.33"
| 14 | 29733 06.95" | 89°48'31.04"

° Ove r_perm itti ng a I IOWS for Q 20 ; 15 | 297 33'13.73" | 89° 48' 35.30"

20° 32'54.06" | B9° 48'55.29" || 47 | 29°31'57.00" | 89° 47 22.81"
29° 32'59.65" | B9"48'36.16" || 48 | 29°32'01.88" | B9" 47 35.57"
297 32'51.61" | B9 48'33.72" || 49 | 29" 31'54.29" | 89" 47 33.58"

29° 32'42.31" | BY” 48'29.02"

FECEEEEER

29" 32'42.14" [ 89° 48 21.82"

additional CPTs/borings to be YR T S yaw a0 e i i

. . . = 2l 33 5 10 .3""_' Y‘
performed in the future, if needed. 4 Vg v 2
35 8 @&n
; 36 - =% ".' %%5\
33 4l B : }p
« Denoting locations as both borings | SRS

and CPTs provides flexibility in

LEGEND
I ann | n ® SOILBORING/CPT LA HWY 23
p . % RIVERMILE
- - ACCESS ROUTE
NOTES: -
1. ALL ACCESS AND SOIL BORINGS/CPTS WILL BE OVER OPEN WATER.
2. THE ACCESS WIDTH WILL BE 15 AND LENGTH WILL VARY. :
3. THE SOIL BORINGSICPTS WILL BE TO THE DEPTH OF 60.0° i
30000 1500 O 3,000° 6,000° ® Rk
I ' : 78 BOAT LAUNCH
i‘ R L‘i’, y

COASTAL PROTECTION AND RESTORATION AUTHORITY



Subsurface Investigations

OTHER CONSIDERATIONS

e Subsurface investigations can be performed in a phased approach.

 Afew CPTs should be co-located with borings to provide a site-specific cone factor necessary to
better process CPT data.

« Additional investigations may be necessary due to factors such as geologic variability, weak or
compressible soils, need for reduced spacing, or by engineering judgement.

e Over-permitting allows for flexibility in performing additional borings/CPTs in the future, should
the need arise, without the need for a permit modification.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Laboratory Testing

TESTING TYPES AND IMPORTANCE IN DESIGN

Category

Test Name

Use in Analysis/Design

Classification
Tests

Moisture Content

Atterberg Limits

To help define subsurface stratigraphy, use in
established correlations to other properties,

Particle-Size Distribution

estimate soil behaviors during construction, and

Organic Content

more.

Unit Weight

A key input parameter for settlement and slope
stability analyses.

Strength
Testing

Unconsolidated Undrained (UU)

For use in slope stability analysis of earthen
containment dikes, earthen ridges, and other

Unconfined Compression (UC)

earthen features.

Consolidation

Consolidation Testing

For use in estimating magnitude and time-rate
settlement of foundation soils

Dredge Slurry
Testing

Settling Column

For use in estimating magnitude and time rate

Low Stress Consolidation Testing

settlement of dredged materials.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Data Synthesis and Interpretation

BORING LOG DEVELOPMENT

Stant End Total LoggedBy  SJW ) Specialized Ervironmenital Drilling )
Drlled 4/18/2018 4/18/2018 | Depthy OO CheckedBy 1AH | D'eM Resources, LLC Methoa /et ROTary
Surface Elevation (ft) -3 Hammer Cathead Hammer Drilling 1 Ri
Vertical Datum NAVDES Data 140 (Ibs) / 30 {in) Drop Equipment Pontoon Drill Rig
Latitude 202543 System (Geographic Depth of water to mudline 50
Longitude 901823 Datum MNADES (feet) at time of exploration (ft) )
Notes: Cement-bentonite grout full depth
L. -
FELD DATA LABORATORY DATA
E | & g 2 c e =
S OB glz:ls 2o |EE| s MATERIAL eRin e =|o%| 28
5 &g 3|EEld 3 |ag| B DESCRIPTION S| E|ed| 2| 3lae|3] 5
© E|sg|sE| B (Bl 2% 52| BE[ 58| § |32| 83|80 28 : :
8 &|Z2|28|s g |§8| &8 ss|s8] 58| 50 4 | 28) 2028 2i— High moisture content
o el 1 . FT Dark brown pest with arganic clay (organic content A0 ——
L L =141%) - P
o i
B 24 2 e [ Dark brown pest with organic clay (very soft) Ta)rllam) 5 6 |21 182 004
B - — S —
i = 3 7 [} Gray clay with silt, sand lenses and sift layers jvery 50 | ea a3 ﬁ/ LOW Shear Strength
- 5 — soft) (specific gravity = 2.67) — //
- /
o 2 4 CH (aray clay with silt layers, sand pockets, shells and o | 485 012 5 5
|~ / - organic matter {very soft) i
i = 5 4 B Gruj:oc;ita}ywithsiltluyersurnd shellfragments (very | 72 (40131 5 | 4 016
i w = -3 [} Gray clay with silt, sand and shell fragments [very 57 |eaglom Q5 | &
_:\‘b
i 15—:I25 7 ™ Gray sandy clay {very soft) o |=m2|o2|es]| e
| P L i
2L _ V- _____
g i ES
il— - ] - -
3 .
ar 2 22 ES / | Gray clayey sand Bk 2% | 9 | 36| 007
it . . |

COASTAL PROTECTION AND RESTORATION AUTHORITY Boring Log Credit: GeoEngineers



Data Synthesis and Interpretation

CPT LOG DEVELOPMENT

State of Louisiana
Coastal Protection and

Restoration Authority
E U S T I S Grand Bayou Ridge
B and Marsh Restoration

o Plaguemines Parish, Louisiana

Depth Tip Resistance Sleeve Friction
(ft) —q, —"
(tsf) (psf)

50 100 150 200 300 600 900 1200

CONE PENETRATION TEST

Pore Pressure
—

(psi)
0 50 100 150

CPT/ECD-3

Undrained Shear Strength
5,

(psh
(00 800 1200
I I L L

Project No: 24365 Elevation: -2.4
Date: 06/04/2020 Datum: NAVDES
Latitude: 29.55168° Est. Water Depth: 0.0 ft

Longitude: -89.82173° Total Depth:

CPTID: DSA1082

40.0

. SBT RF Elev
Equivalent MAI = 1 (f)
(1988)
20 40 60 80 1234567891011

'

EUSTIS_GINT _LIBRARY 5-11-2021.GLE EE 5 GRAPH CPT LOG 24385GP) &7/21

Test performed in general accordance with ASTM D5778-20.

— 5,02
— 3, ()

Naotes: Soil behavior type was determined using friction ratio classification chart (after Robertsonet al, 1986).

Elecfronic Filename: 24365ECD-3.cpt

FPage 1of 1

Low shear strength

Difficult determining
SBT in highly-sensitive
materials

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Data Synthesis and Interpretation

DEFINING SUBSURFACE AND PARAMETER PROFILES

After completion of the subsurface investigation, laboratory testing, and development of the boring/CPT logs,

subsurface stratigraphy profiles are often generated next.

* Depending on the subsurface stratigraphy of the project area, multiple profiles or “reaches” may be necessary to define
the entire site.

* While reaches are commonly defined on the basis of subsurface soil stratigraphy, they can also be defined based on the
results of the laboratory testing (i.e. consolidation parameters, shear strength, moisture content, etc.).

* |n addition to plotting subsurface soil stratigraphy, the following soil parameters profiles are also generated to be
utilized in geotechnical analysis and design:

Moisture content

Shear strength

Unit weight

Consolidation parameters

COASTAL PROTECTION AND RESTORATION AUTHORITY 17



Data Synthesis and Interpretation

SUBSURFACE SOIL STRATIGRAPHY EXAMPLE

* In the example shown, the
project area was divided into
three reaches, based on soil
subsurface stratigraphy:

- A-A
- B-B’
- C-C

« Settlement and stability
parameters were also
generated for these reaches.

5 Legend £
=| Notes: Marsh Creation Area
H P o - i 8488 Boringby GeaEnginesrs, 2018 — — Fipelines (from SONRIS) plerdeieiing
2. Thiodrawing is for information purpoese. It @ intended to cesist in i b}l&u — :Er w '-ﬁ. lJ_'{S\.I f = un s —
e i : il o (P & ConePeneomatar Testhy o = :; - (BA-194)
record of this communication. IGeoEnﬁ'»Ee!s, 2018 Marsh Cre Lafourche Parieh, Louisi
i A Al 7 - Gap Closures (Deeper than L s ESIE0
E :I:::::l mmm“ﬁmwi&mﬁmmmm ! ! Chies seclinA L ibatioh Q ‘ypicsl containment dike) G E
2 Figure 2

Frojection: LA State Fisno, 2outh Zoo, NADSS, U2 Foot
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Data Synthesis and Interpretation

SUBSURFACE SOIL STRATIGRAPHY EXAMPLE

S A Cells 1&2 T B Cell 3 B,
Orgaric Clay — ~ Organic Cl [~ Clayey Silt . nic Clay -, T T — Ground Surfece/Mudline T
ganic Clay — — Ground Surface/ - Orgenie Cley [ Sandy Sitana /BSOS 1 + ' ! " +
T /' Mudiine / | SitySsnd 1
I e e e T . o I e e e | —o
. r ] = Pest and
5 .
5— ? s e — 5 5— 1 == [ 5 OrganicClay
Clayey Silt &—f ' L !_ - .I_ I rane - T
; + / ] 1 ay % s
SandySik ) 7 — - |- .10 Sity Clgy 10— -0
T / - o+ Clay and T T
A ) . Silty Clay T
-15 — Bt - ! .15 15 e Clayey Sitt
? - Sitand - Clay and
A Sandy Sit ] Silty/Sandy Clay
20 i I . ] 20— % =0
- JhEA -l (B TS P shel T
25 —| s [ = —-25 25 —| % — 25
E C-19 ?
§ a0—] c-23 .o § a0—] T a0
§ ¥ H 1
B a @ T
g 5] Sendy St and s 3 o
a Silty Sand Clay
B T T I
e 40— =0 40— o
£ I 77 I I
§ B-18
i 45— s 45— ! ? a5
) " Sandy Sitt and— /
£ T T T Silty Sand /
5 50— - s0 50— / =0
% T i 1
g 7
5 I I I
5 55 — a5 55 — % s
H T T T /
5 0 <o 0 /i [ &0
i T
5 I = I I B-33
E -85 —HHHHHHHHH e 45 -85 —HHHHHHHHHH A S5
5 0 500 1000 4500 2000 2500 2000 3500 4000 4500 5000 5500 6000 €500 7000 0 500 1000 1500 2000 2500 2000 3500
g Distance (Feet) Distance (Fest)
2
&l notes: CPT Legend Boring Legend
E| I Trmaraming ot mermston pupases. & 8 maneea o [I]1-sersitve, Fine Grenes saits [ 7-Sanay Sits & ity Sanas pest 5 san o ) , ,
H i od o 2- Organic Sois, Pests [ &-siity sancs & Sanas Grganic Clay EE cravey Sena Subsurface Profiles A-A" and B-B
3 looo 0 209 -y [ - sams Sy Crey, Senoy Ciay (AR Siy Senal
g Horizortsl Scale in Fest 4-clez asiycays I 10 sans & Gravelly Sands [0 = B s with st ast Leeville Marsh Creation an urishmen
| I—— 10 0 10 [s-swycesaceeysies [ 11- very S Fine Graned Soils Coay Clayey Sitt (BA-194)
E Baring and CFT mud-ns slsvatians wans providsd by Lonmis e el in Foet [ 5 - cieyeysins & sanaysits [ 12- sanes & Cayey Sanost FEEH oty Clayey Sand Lafourche Parish, Louisiana
.a e e Fraes Vertizal Exsagertion: 100X *Cnerconsosidsted or Cemented E
i| 2. Wwessr sieveton was orovisd by CPRA Dated: ect. 31, 2028 G Figure 4
Rt et EOENGINEERS 5
E CrRaon T/3LAR.

* This figure shows the soil stratigraphy for cross sections A-A’ and B-B’ from the plan view on the previous slide.

COASTAL PROTECTION AND RESTORATION AUTHORITY



Data Synthesis and Interpretation

SUBSURFACE SOIL STRATIGRAPHY EXAMPLE

H
o 5

| =
HHHH =

=]

Clayey Silt and Sandy Silt

Clay and Sitty Clay

Cell 6

Ground Surface/Mudline —,

Grganic —
[

Pestand
Organic Clay

Elevation(Feet)
b
&
Ly Iy |
HHHHHH

s Exportad: 032520 1012 byhmek

1807 200402 2 08_Boring CT Plan dug TAR Saaton G0
y

SNNNNN\H

s |'f'\|.‘

C-35

8
g

Sandy Siftand
Sitty Sand 38

Clay and
Sity Clay

Clayey Sitt snd Sandy Silt

lay and Silty Clay

layey Sitt snd Sandy Sit

B-458-43

layey Sift snd Sandy Silt

¥/

7
2
Z

B-42

P 18180 400 AT\ I e tach

| e e b
500 1000 1500 2000 2500 3000 3500 4000 4500

Distance (Feet)

5000 5500

6000 6500

TOOD

dy Sift and Sitty Sand

CPT nd
[ 1 - sersitve, Fine Grained Soils
[ = - orgenic sails, Pests

[ 4 - ciays & Sitty Clays
[ 5 - sty Cieys & clayey Sits
[ & - ciayey sitts & Sandy Sats

7 - Sandy Silts & Sifty Sants
[ &-sity Sends & Sands
[ o-san=
10 - Sanes & Gravelly Sands
11 - Very ST Fine Grained Sis®
12 - Sants & Clayey Sands+
*+Overconsoiidsted or Camented

Boring Legend
Pest rd
A organin iy ey Send
Sty Clgy, Sanuly Clay f sily Sano
[0 = 8] s with st
ciay ayey Sitt
TEEH sty ey Sang
1000 1] 1000
— —
Horizontel Scale in Feet
10 [1] 10
erucal & in Feet
Vertical Exaggerstion: 100X
Notes:
1. Thelacations of o fagturss show ora aporasimats.

2. TR OTEWeng i TOF iNMOMMTN DUTDOBSN. It @ tended 13
Bosiat in showing faaturss decusesd in on attochad document.
GacEnGinasr, INC. cannet Sliarantss the Goourecy and coment
of slecironic fise. The mester fils is stored by GeaEngnsers,
inc. and wil sarve oe the offcial racord of thia Communication.

Dats Sourca:
Saring and CAT mudiine sisvations wars provded by Lonms &
Harper, Drawing: Soring Locaton Map_Final, Frojoct &
201531, Bhest 3, Datect 4/40/201%

2. Water sievation wan providsd by CPRA Detect Sept. 31, 2018

3. GrOUNG BUITGCE/ MUGENS ODRINSd oM SUIVSY BFOVRd by
CFRAGn /LR

Subsurface Profile C-C'
ast Leeville Marsh Creation ar urishmeri

(BA-194)
Lafourche Parish, Louisiana

GeoENGINEE

* Soil stratigraphy for cross sections C-C’ (Slide 17). The stratigraphy of C-C’ is similar to A-A’, but soil parameters vary.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Data Synthesis and Interpretation

SHEAR STRENGTH / UNIT WEIGHT DESIGN PROFILE EXAMPLE

MOISTURE CONTENT SHEAR STRENGTH (KSF) TOTAL UNIT WEIGHT (PCF)
0 30 80 90 120 150 180 210 240 00 01 02 03 04 05 06 07 08 09 10 60 7O 8 90 100 110 120 130 140
° i
e - | 95 PCR
E = == m|= Ale
s - Rl i vl
v vl 100 PCRE
- aoh -
-10 - )4 * "
L
" T " -
I AN BL N
.08 PCF
[
100-150 psf -
"
E shear strength
S
= .
Al
E in upper 5to0 10
8 35
L]
feet
K 40
"y -
H
8 -45
A * * .
H
B =0 o 45%
8 v v
g
5]
§ * +
g r 113 PCF
7 60
|
H v v
§
Fl 65 1
i
:
b Boring Legend cPT d
H ring en il
: W Compression M Minivane o1 F:e"il. &2 )
§ WEs aB50 s Design Soil Profile
g $E20 wESL ¢20 East Leaville Marsh Creafion and Nourishment
i — (BA-194)
3 AB25 v EBS e -
§ — Lafourche Parish, Louisiana
§ WE27T w E53 —
b tew  —— Demiote  GF GEOENGmEERgﬁ Figure AL
El - —— C/PLine

* This figure shows the moisture content, shear strength, and unit weigh profiles developed for profile A-A’ using lab
testing data as well as CPT data. Shear strength and unit weight are the primary drivers of stability analyses.

COASTAL PROTECTION AND RESTORATION AUTHORITY



Data Synthesis and Interpretation

SHEAR STRENGTH / UNIT WEIGHT DESIGN PROFILE EXAMPLE

MOISTURE CONTENT SHEAR STRENGTH (KSF) TOTAL UNIT WEIGHT (PCF)
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* This figure shows the moisture content, shear strength, and unit weigh profiles developed for profile B-B’ using lab
testing data as well as CPT data. Shear strength and unit weight are the primary drivers of stability analyses.
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Data Synthesis and Interpretation

SHEAR STRENGTH / UNIT WEIGHT DESIGN PROFILE EXAMPLE

MOISTURE CONTENT SHEAR STRENGTH (KSF) TOTAL UNIT WEIGHT (PCF)
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* This figure shows the moisture content, shear strength, and unit weigh profiles developed for profile B-B’ using lab
testing data as well as CPT data. Shear strength and unit weight are the primary drivers of stability analyses.

COASTAL PROTECTION AND RESTORATION AUTHORITY



Data Synthesis and Interpretation

CONSOLIDATION DESIGN PROFILE EXAMPLE

Void Ratio (e), Compression Index (CC), Past Pressure (PC) — Based on Consolidation Test

VOID RATIO PAST PRESSURE, PC (TSF) COMPRESSION INDEX, CC
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Marsh Creation Settlement Analysis

GENERAL PROCEDURE FOR ANALYSIS

1. Define existing site conditions, such as:
- Hydrologic conditions (MHW, MLW, sea level rise, inundation range)
- Subsidence rate (and accretion rate, if data is available)
- Existing topography (mudline distribution)
- Rainfall and evaporation rate data for the project area (NWS34) (for PSDDF)

2. Select an analysis program (influences the geotechnical parameters to be defined)
- PSDDF, Settle3, etc.

3. Define site-specific geotechnical parameters for analysis:
- Index properties (moisture content, unit weight)
- Consolidation properties of dredge slurry and foundation soils

4. Estimate properties relating to dredge fill operations, such as:
- Dredge production rate / fill period of MCAs
- Slurry concentration (upper bound and lower bound)

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

GENERAL PROCEDURE FOR ANALYSIS

5. Establish the lower-bound target for marsh elevation at target year 20 (TY20).

- Typically taken as the lower bound of the inundation range at TY20.

6. Perform settlement analysis using selected geotechnical software, aiming for the lower-bound target elevation and
using the worst cast settlement parameters: upper-bound concentration and lower-bound mudline.

7. Determine the constructed marsh fill elevation (CMFE) for this TY20 elevation.

8. Increase the CMFE determined in Step 6 to provide a construction tolerance and determine the TY20 elevation.
9. Repeat for upper-bound mudline or additional mudlines of interest.

10. Repeat for selected lower-bound concentration.

11. Perform analyses for other settlement profiles, if applicable.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

DEFINING EXISTING SITE CONDITIONS - HYDROLOGIC

* Hourly hydrologic data (MHW, MLW, MTL) is typically obtained from a nearby CRMS station for the most recent 5-year
period.

* CRMS stations located near a project area can be found using the Coastwide Reference Monitoring System (CRMS)
Database:
https://www.lacoast.gov/crms_viewer/Map/CRMSViewer

Single-click the yellow symbology on the map to view CRMS Site information.

O st @]
O » CWPPRA O
O Hydrologic Basins O
O » Vegetation )
O » Sails o
O » Public Lands o
O » Master Plan

O » Land Change @
O Elevation Survey O
O » Land/Water

O » HuC2

» Base Layers

Legend

O CRMS Site

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

DEFINING EXISTING SITE CONDITIONS - HYDROLOGIC

* Once a CRMS station has been located, the CIMS database can be used to retrieve the hourly hydrologic data:
https://cims.coastal.la.gov/monitoring-data/

Coastal Protection and

Restoration Authority

Home  Dasta  Lbrary  Viewer  Outreach  Protection  Help [Login]

REQUEST DATA - HYDROGRAPHIC HOURLY

Hydrographic data are now available in two general formats: data collected monthly and data collected hourly. Parameters sampled generally inclucle: water level,
water temperature, specific conductance, and salinity. In some rare instances water velocity and wind speed;wind direction are sampled at stations where hourly data
are collected.

Hourly hydrographic data may also be downloaded by project, CRMS (Coastwide Reference Monitoring System) site, or station number; however, these files are much
larger than the monthly files. For example, since one year of hourly sampling will yield approximately 8,760 records, a file for a project collecting data at 5 stations for a
periad of 15 years will contain approximately 657,000 records.

This screen defines a request for Hourly data. The data that matches this request will be sent to you via email with an attached a comma delimited file, please see
disclaimer below.

Enter Selection Criteri
® Filter by Projects O Filter by CRMS Sites O Filter by Station
For & detailed xplanation of all data types and collection fraquencies, please review the Dats Descriptions document

(Select 3 Project Name or 2 CRIVIS Site to get 2 list of filtered Stations OR Filter by Station and enter station name)

Project: [ < select Project Name > ~]
stations: AL Stations Associated With Selected Project v)

From Date oy [ )&
To Date (mm/dd/yyyy): :} =

O Indlude Station Latitude and Longitude NCTE: Point locations stored in CIMS utilize the WGS84 geodetic system (EPSG:

(0 Include Non-Standard Data Infermation (If this option is selected, your request will be processed off-line and results emailed)

DISCLAIMER

acToRs TH

Link to "Data Descriptions” document: Data Descriptions

* Sea Level Rise is calculated by CPRA’s Planning Division, generally using a 1.0 meter by 2100 scenario (eustatic).

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

DEFINING EXISTING SITE CONDITIONS - HYDROLOGIC

* Percent Inundation Method is used to establish the optimal inundation range of the marsh, based on information from
Snedden & Swenson 2012.

* Percentiles are calculated based on the collected CIMS hydrologic data and CRMS estimates of marsh type.

Data ¥ Mapping ¥ Library ¥ Visualization ¥ Program ¥ FA) Factsheet // \\\
- . ) %ERN‘I‘sf |
[r—— ...
Site Marsh Classification
CRMS2854
CRMS2854-V18 - @ - Q@ Q@D Q- Qe Q- @ Q- Q- @@ @
CRMS2854V19 | — @@ 8 @8 8 8 8 8 8 8 & @ 8 & — s
CRMS2854-26 | @ Q@@ @@ @ Q@@ Q@@ Q@ o Dracleen
CRMS2854-V27 |- @@ @ Q@@ @@ @ @@ @ @@ Q& | BT
o CRMS2854V33 1 @@ @@ Q@@ Q@@ QG
| :% CRMS2854.V36 |- @@ @ @ Q@ @ Q@ @@ Q@@ Q@
?  CRMS2854-38 @@ B @@ Q@ G @ Qe G @ G
! CRMS2854V52 | @@ @ @ @ @ @ @ @ @ @ @ @ @ @&
CRMS2854-V56 - @ @@ @@ —-Q— Q@@ G QGG
CRMS2654-V58 |- @@ @ @@ @@ @ @@ @ @ @ & &
2006 2008 2010 2012 2014 2016 2018 2020 2022
2007 2009 2011 2013 2015 2017 2019 2021 o
Year f”?"f ﬁ%

COASTAL PROTECTION AND RESTORATION AUTHORITY



Marsh Creation Settlement Analysis

DEFINING EXISTING SITE CONDITIONS - HYDROLOGIC

* Previous example showed an 2.50 ‘
“intermediate” marsh type 2 MZALNEN o NG
which correlates to an optimal g 200 T
inundation range of 10% to 90% S /—////
inundated e T T

. “Optima|" refers to the 51_00 .......................................................................................................................
productivity of the marsh based S| i
on salinity and vertical position 8 0.0 T —
of the marsh in relation to water = T ‘+0-66ft-‘ ]
Ievels' oo 0 2 4 6 8 10 12 1;1 1‘6 18 20

« This range generally provides a year
Iarger area to work with when 7 MHW + ESLR (ft) ~ ---eeeee MLW + ESLR (ft) 10% + ESLR (ft) 90% -+ ESLR (ft)
generating settlement curves Marsh Type Optimal
versus designing to remain Fresh Inunjzz/f;o:,ange
within MHW and MLW. Intermediate 10%-90%

Brackish 10%-65%
Saline 20%-80%
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Marsh Creation Settlement Analysis

DEFINING EXISTING SITE CONDITIONS - SOILS

* Subsidence rate (and accretion rate,
. . . MCA-1 Mudline Elevation Distribution
if data is availabl e) Avg. Elevation = -1.22 ft (NAVD88, Geoid12B)

- Subsidence rates have been
established by CPRA’s Planning

+1.0 and above

division, on a per basin basis. g eend
Example, Pontchartrain basin g 00105
subsidence is estimated to be % 0.5'10 0.0
approximately 5.1 mm/year (0.2 2 vens
inches/year). >
2 15t0-1.0
- Accretion rate data is less readily ~
available. Assumptions on % 20ty
accretion rates are generally made 3 25020
on a project-by-project basis if § 301028

nearby data is available.
-3.0' and below

e Existing topography (mudline
distribution)

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Analyze mudline at-1.0’ and -2.0’
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Marsh Creation Settlement Analysis

SELECTING AN ANALYSIS PROGRAM

PRIMARY CONSOLIDATION, SECONDARY COMPRESSION, AND DESICCATION OF DREDGE
FILL (PSDDF)

« Commonly used for projects with mixed sediment borrow sources to analyze settlement of dredged slurry.
 Can also be used to analyze foundation settlement.

 Can be used in conjunction with other foundation settlement programs, such as Settle3, to generate
settlement curves.

SETTLE 3 (ROCSCIENCE)

« Commonly used for project with granular (sand) borrow sources.

 Can be also used to analyze foundation settlement for mixed sediment borrow projects, but still requires the
use of PSDDF for slurry settlement.
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Marsh Creation Settlement Analysis

DEFINING SITE-SPECIFIC GEOTECHNICAL CONDITIONS (PSDDF)

CONSOLIDATION PROPERTIES OF DREDGE SLURRY

» Specific Gravity of Soil Solids, SG )
* Secondary Compression Index / Coefficient of Consolidation, C,/C,
* Recompression Index / Compression Index, C,/C,

» Effective Stress (0’) - Void Ratio (e) - Permeability (k) Relationship

* Desiccation Limit, DL )
« Saturation Limit, SL geSiccatm"
> arameters
* Depth to Second Stage Drying (PSDDF
Manual)
* Degree of Saturation at Desiccation Limit

Column
Settling & Low
Stress
Consolidation
Testing

CONSOLIDATION PROPERTIES OF MARSH CREATION AREA (FOUNDATION) SOILS

* Specific Gravity of Soil Solids (SG)

* Secondary Compression Index / Coefficient of Consolidation, C,/C,
* Recompression Index / Compression Index, C,/C,

» Effective Stress (0’) - Void Ratio (e) - Permeability (k) Relationship

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

DEFINING SITE-SPECIFIC GEOTECHNICAL CONDITIONS (SETTLE3)

CONSOLIDATION PROPERTIES OF MARSH CREATION AREA (FOUNDATION) SOILS

Moisture Content, MC
Specific Gravity, SG

Cohesion, C
_ _ UU or UC Test
Unit Weight, vy

Void Ratio, e, )
Compression Index, C,
Secondary Compression Index / Coefficient of Consolidation, C,/C,

Recompression Index, C, 1-D
. . ) . ——  Consolidation
Coefficient of Consolidation, C, Testing

Preconsolidation Pressure, P’

Overburden Pressure, o',

Overconsolidation Ratio, OCR _

*PSDDF is still necessary to compute consolidation of mixed sediment dredge slurry.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

DREDGING OPERATION ASSUMPTIONS

e Generate lift schedule

- Dependent on dredge size (production rate)
and marsh creation area size

- Past project data or USACE production rates
can be used

e Establish slurry concentrations for analysis

- Upper Bound Concentration (~300 g/L): used
to estimate benefits and analyze worst-case
scenario settlement conditions

PRODUCTION, CU YD/HR

- Lower Bound Concentration (~150 g/L): used
to determined maximum potential slurry ]

elevation that influences the selection of the PRESGE SIZE. N
ECD crown elevation

Figure 3-4. Typical cutterhead dredge production according to
dredge size.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Marsh Creation Settlement Analysis

PRIMARY CONSOLIDATION, SECONDARY COMPRESSION, AND DESICCATION
OF DREDGE FILL (PSDDF)

& MAIN INPSDDF DataFile: Input.psi - [MAIN INPSDDF MENU: Input.psi] - X
=) -
- Group - A
i A Problem Description/Information ~
- Group - B PSDDF-W Main Menu
H ~-B.1. Program Execution Data
- Group -C G ‘o)

roup-A * Problem Description
~-C.1. Number of Compressible Foundation and Dredge Fill Materials p- P

=] C=2 Properties of Compressible Foundation Material No. 1 Group-B © Program Execution Data
& C.3. Properties of Compressible Foundation Material No. 1

E1-C.2. Properties of Compressible Foundation Material No. 2 GroupC © MNumber and Properlles of Compressible Foundation
& C.3. Properties of Compressible Foundation Material No. 2 and Dredged Fill Materials

[=1-C.2. Properties of Dredge Fill Materal Mo. 1 ’
..C.3. Properties of Dredge Fil Material No. 1 Group-D " Compressible Foundation Layer Parameters

= Group - D . . .

& ey Compreasible Foundation Layer Group-E © Incompressible Foundation Material Properties
- D.2. Properties of Compressible Foundation Layer No. 1 GmupF g Proparlles of First Dradgad Eill Layer
D.2. Properties of Compressible Foundation Layer No. 2
[=-Group - E Group-G © New Dredged Fill Layers and Print Times
E.1. Properties of Incompressible Foundation Layer -~
Group - F Group-H © Evaporation and Precipitation Data

~-F.1. Properties of First Dredged Fill Layer
i --F.2. Properties of First Dredged Fill Layer (Contd.)
=) Group -G
G.1. Number of Print Times
- G.2. Dredged Fill Data at Frint Time No. 10F 21
L.G3 Dredged Fill Data at Print Tme No. 10F 21(Cortd )
[=-G.2. Dredged Fill Data at Print Time No. 20F 21
t.-G.3. Dredged Fill Data at Print Time No. 2 0F 21{Contd )
=+ G.2. Dredged Fill Data at Print Time No. 30F 21
«-(G.3. Dredged Fill Data at Print Time No. 3 OF 21{Contd )
~-(3.2. Dredged Fill Data at Print Time No. 4 OF 21
~-3.2. Dredged Fill Data at Print Time No. 50F 21
G.2. Dredged Fill Data at Print Time No. 60F 21
~-3.2. Dredged Fill Data at Print Time No. 70F 21
G.2. Dredged Fill Data at Print Time No. 8 OF 21
~-3.2. Dredged Fill Data at Print Time No. 30OF 21
G.2. Dredged Fil Data at Print Time No. 100F 21
~-(3.2. Dredged Fill Data at Print Time No. 11 0OF 21
~-(G.2. Dredged Fill Data at Print Time No. 120F 21
~-(3.2. Dredged Fill Data at Print Time No. 130F 21
--(G.2. Dredged Fill Data at Print Time No. 14 OF 21
G.2. Dredged Fil Data at Print Time No. 15 0F 21
--(G.2. Dredged Fill Data at Print Time No. 16 OF 21
G.2. Dredged Fil Data at Print Time No. 17 OF 21
~-(3.2. Dredged Fill Data at Print Time No. 180F 21
G.2. Dredged Fill Data at Print Time No. 190F 21
~-(3.2. Dredged Fill Data at Print Time No. 200F 21
--(G.2. Dredged Fill Data at Print Time No. 210F 21
- Group - H
i =-H.1. Annual Evaporation and Precipitation Data
= Giroup - |
«-1.1. Dredged Fill and Placement Area Desiceation Parameters

Group-l 7 Dredeqd Fill and Placement Area Desiccation Parameters

-
-
-
-

Save Data File and Remain in PSDDF-W
Save Data File and Exit to Windows
Restart Interactive Data Program

Run PSDDF with Current Data

=
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Marsh Creation Settlement Analysis

EXAMPLE SETTLEMENT ANALYSIS

5. Repeat for upper-bound or
secondary mudline.

FElevation (FT, NAVDSS -

0.50

0.00

4.00

3.50 I
3. Increase CMFE to create I
construction tolerance 100
™)
-
=
g 2.50

MCA.-

Existing Mudline = -2.0 ft to -3.0 ft

Fill Period = 40 days

Design Curves at 300 g/L

Elevation Table - MCA -4

Min
Elevation
Ft.)

Max

Elevation

Ft)

% of Total
Area

<-3.0

Inundation Levels at TY20
10% +ESLR =+2.07 ft
90% +ESLR = +0.66 ft

10.6%

-3.0

r
tn

18.9%

-25

25.9%

-20

15.4%

-15

T1%

-10

CMFE at TY20
Upper Bound =+1.23 fi
Lower Bound = +0.53 ft

1.2%

-05

11%

0.0

0.5

3.0%

05

=10

27%

>1.0

10.0%

T otal|

100%

Average Marsh Elevation: -1.70'

4, Determine TY20
elevation at upper CMFE.

Lower CMFE = +1.751ft
—
——
0 2 4 6 8 10 12 14 6 18
Time (Years)
10%+ ESLR (ft) 90% + ESLR (fi) ---- MHW +ESLR (ft) ---- MLW + ESLR (ft)
—Mudline =-2.0ft e Mudline =-3.0 ft B Concenfration =300 g/L

1. Analysis at
lower bound
mudline at
upper bound
concentration

2. Establish CMFE at lower-
bound mudline and upper
bound concentration
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Marsh Creation Settlement Analysis

EXAMPLE SETTLEMENT ANALYSIS

MCA-4 Marsh Fill Elevation vs. Time
Existing Mudline = -2.0 ft to -3.0 ft
Fill Period= 40 days
Design Curves at 150 and 300 g/L

4.00

6. Repeat analysis for
lower-bound
concentration, attempting
to match TY20 elevation —

Maximum CMFE at 150g/L = +3.7 ft

T

. . o1 \
to determine maximum E \\
CMFE. E 2.50 s E— TY20 Maximum .
T : > | Elevation at150g/L=
2 1341t
Z 200 Upper CMFE = +2.25ft |
E pper o — TY20 Maximum
- Elevation at 300 g/L =
= 1.23 ft
g
= S e T T
5 o —a—
=
m ] e R B e e T s | e ——
............................. | YT
—
.................... e
0.50 Lower CMFE = +1.75ft
——
— .
—
—
. —
0.00
0 2 4 6 8 10 12 14 16
Time (Years)
10% + ESLR (ft) 90% + ESLR (ft) ---- MHW + ESLR (ft) -=--- MLW +ESLR (ft)
—Mudline =-2.0ft e Mudline =-3.0 ft e Concenfration=150g/L. ® Concentration =300 g/L
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Marsh Creation Settlement Analysis

EXAMPLE SETTLEMENT ANALYSIS

4.00

3.50

b
=}
=}

2.50

2.00

Elevation (FT, NAVDSS - Geoid 12B)
C
S

=
o
=

0.50

0.00

MCA-4 Marsh Fill Elevation vs. Time
Existing Mudline = -2.0 ft to -3.0 ft
Fill Period =40 days
Design Curves at 150 and 300 g/L,

match TY20 max elevation

Estimate CMFE at 150 g/L in attempt to

Maximum CMFE at 150g/L =+3.7 ft

-

ine Max TY20 Elevation

|
W

“ ath ”

\\

—

,//

TY20 Maximum
Elevation at 150 g/L =
1.34 ft

TY20 Maximum
Elevation at 300 g/L. =
1.23 ft

-------

....................

Lower CMFE = +1.75ft
E—
I —
0 2 4 6 8 10 12 14 16 18 20
Time (Years)
—— 10% + ESLR (ft) — 90% + ESLR (ft) ---- MHW + ESLR (ft) ---- MLW +ESLR (ft)
—Mudline=-20ft - Mudline =-3.0 ft e Concentration=150g/L ® Concentration= 300 g/L

Settlement analysis to
compute TY20 elevation. If
TY20 elevation at 150 g/L
does not closely match TY20
elevation at 300 g/L, select

new CMFE. Iterate as needed.

/

COASTAL PROTECTION AND RESTORATION AUTHORITY

40



Marsh Creation Settlement Analysis

EXAMPLE SETTLEMENT ANALYSIS

4.00

3.50

3.00

2.50

2.00

Elevation (FT, NAVDS8S - Geoid 12B)

0.50

0.00

MCA-4 Marsh Fill Elevation vs. Time
Existing Mudline = -2.0 ft to -3.0 ft
Fill Period= 40 days
Design Curves at 150 and 300 g/L

Maximum CMFE at 150g/L = +3.7 ft

Upper CMFE = +2.251t

TY20 Maximum
Elevation at 150 g/L. =
1.341t

TY20 Maximum
Elevation at 300 g/L =
1.23 ft

Yy

Lower CMFE = +1.751t
—
——
I——
—
——
S
0 2 4 6 8 10 12 14 16 18
Time (Years)
10%+ ESLR (ft) 90% + ESLR (fi) ---- MHW + ESLR (ft) -=--- MLW +ESLR (ft)
—Mudline =-2.0ft e Mudline =-3.0 ft e Concenfration=150g/L. ® Concentration =300 g/L

20
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Marsh Creation Settlement Analysis

A DYNAMIC PROCESS

* A slight deviation in expected
soil characteristics or assumed
construction conditions or
practices will likely require a
re-analysis of settlement.

e Construction monitoring is
important to make
adjustments on the fly.

 Itis critical for the design
engineer to be in
communication with the
geotechnical consultant.
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Earthen Containment Dike Design

GENERAL PROCEDURE FOR ANALYSIS

1. Define existing site conditions, such as:
- Hydrologic conditions (MHW, MLW)
- Subsidence rate (and accretion rate, if data is available)
- Existing topography (mudline distribution)

2. Select an analysis program for:
- Slope Stability Analysis: Slope/W, Slide, etc.
- Settlement Analysis: Settle3, CSETT, etc.

3. Define site-specific geotechnical parameters for analysis:
- Strength and unit weight trends of foundation soils and ECD fill materials (slope stability)
- Drainage boundary conditions (slope stability)
- Consolidation properties of foundation soils and ECD fill materials (settlement analysis)

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Earthen Containment Dike Design

GENERAL PROCEDURE FOR ANALYSIS

4. From the results of the marsh creation area settlement analysis, determine the maximum crown elevation.
- 1-2 feet of freeboard above the upper-bound CMFE at 300 g/L design curve or

- 1-foot of freeboard above the upper-bound CMFE at 150 g/L design curve (Lower concentration = higher
CMFE = the need for a higher ECD)

5. Perform slope stability analysis to determine an ECD section meeting the minimum F.S. requirements
established in CPRA’s Marsh Creation Design Guidelines, vi (MCDGv1.0).

- Evaluate for multiple mudlines, based on the mudline distribution.

- Evaluate for multiple soil profiles, as needed.

6. Perform settlement analysis for established ECD sections and selected mudline elevations.
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Earthen Containment Dike Design

DEFINING EXISTING SITE CONDITIONS

* Hydrologic data (MHW, MLW, MTL) is typically obtained MCA-1 Mudline Elevation Distribution
from a nearby CRMS station for the most recent 5-year Ave. Elevation =122 (L (RAVDSS, Geold 2B)
period. & +1.0 and above

T 10510410
&2 0.0' to +0.5'

* Subsidence rate (and accretion rate, if data is available) é 0510 0.0

- Subsidence rates have been established by CPRA’s ; -1.0't0-0.5'
Planning division, on a per basin basis. Example, 2 15010
Pontchartrain basin subsidence is estimated to be T 200-1s
approximately 5.1 mm/year (0.2 inches/year). § 2.5't0 2.0

2]

- Accretion rate data is less readily available. -

Assumptions on accretion rates are generally made S -3:0'andbelow

0.0% 5.0% 10.0%

15.0%

20.0%  25.0%  30.0%

on a project-by-project basis if nearby data is
available.

Analyze mudline at-1.0’ and -2.0’

e Existing topography (mudline distribution)

COASTAL PROTECTION AND RESTORATION AUTHORITY



Earthen Containment Dike Design

DEFINING SITE-SPECIFIC GEOTECHNICAL PARAMETERS - SLOPE STABILITY
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SOIL DESIGN PARAMETERS - CELL 1
NOTES: STATE OF LOUISIANA
1 LOGS OF BORINGS AND CPTS WERE PRESENTED IN OUR DATA REPORT. COASTAL PROTECTION AND RESTORATION AUTHORITY
2. UNIT WEIGHTS SHOWN ARE TOTAL UNIT WEIGHTS AND SHOULD BE APPROFRIATELY REDUCED TO ESTIMATE EFFECTIVE STRESS STATES. GRAND BAYOU RIDGE AND MARSH RESTORATION
3. DESIGN PROFILES SHOWM CANNOT FULLY ANTICIPATE ALL PARAMETERS WHICH MAY INFLUENCE SELECTION OF DESIGN VALUES FOR A SPECIFIC ANALYSIS. FOR THIS REASON, THE USER SHOULD CONTACT EUSTIS ENGINEERING, LLC. PRIOR TO PLAQUEMINES PARISH, LOUISIANA
USE OF DESIGN PROFILES IN ANY ANALYSES. CPRA CONTRACT NO. 2300015385
4. STRENGTH DATA PLOTTED BELOW /P, =0.1’ ERE NOT CONSIDERED IN DESIGN PARAMETER SELECTION DUE TC SAMPLE DISTURBANCE. CPRA PROJECT NO. BA-0217. TASK NO. 3
5. UNDRAINED SHEAR STRENGTHS SHOWN IN RED WERE BACK-CALCULATED USING THE SHANSEP EQUATION AND PAST MAXIMUM PRESSURES OBTAINED FROM THE CONSOUDATION TESTS AND ASSUMING THE ¢/P , RATIO FOR NORMALLY CONSOLUDATED DRAY V. JOB NO.: 24365
SOILATTHIS SITEIS0.22. EUSTIS [DATE: 20 APRIL 2021
6.5, for CPTS IS BASED ON ON g, AND A CORRESPOMNDING COME FACTOR OF M, =20,
EHEMERR NG L IFIGURE 2 {Shees 1 0F 2|
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Earthen Containment Dike Design

DEFINING SITE-SPECIFIC GEOTECHNICAL PARAMETERS - SLOPE STABILITY

3.2 Typical ECD Fill Parameters

Table B-é: Typical ECD Scil Parameters

. . . Undrained Shear Friction Angle, ¢
Soil Type Unit Weight (pcf) Sirength (psf) (deg.)
*Uncompacted Clay (CH, CL)) 80-100 100-200 0
*Uncompacted Crganic Clay &
50-80 &0-100 0
Peat (CH, Pt}

*Note: The BECD Unit Weight and Cohesion are typically expressed as a percentage of the ECD Borrow Area soil parameters.

Table B-7: Typical Values for Silts, Sands, and Riprap Parameters (HSDRRSDG 2012)*.

) ] . Undrained Shear Friction Angle, ¢
Soil T uscs Unit Weight (pcf '
cil Type (per USCS) nit Weight (pef) Strength (psf) (deg))
Silt (undrained) 117 200 15
Silty Sand 122 0 30
Poorly graded Sand 122 0 33
Riprap 132 0 40
"Note: Typical values Taken from HSDRRSDG (2012) Table 3.3 60-70 psf shear
strengths in
previous example.
Design values may vary from the typical values when site specific information is available. ECD fill Excavated material
properties are typically expressed as a percentage of the borow area soils and requires strength may be
engineering judgment. These values will be further refined after completion of the ongoing lower.
research.
COASTAL PROTECTION AND RESTORATION AUTHORITY




Earthen Containment Dike Design

DEFINING SITE-SPECIFIC GEOTECHNICAL PARAMETERS - SETTLEMENT

WATER CONTENT {w) UMNIT WEIGHT 7] CR = Co/(1+20) OVERCONSOLIDATION RATIO A BECDD
IN PERCENT N PCF ESTIMATES : Q -
0 50 100 300 600 500 70 £ 110 130 o 01 02 03 1 2 3 4 5 6 7 A BECD3Co
o4l PRI | FrrTTT L L P 1 L L 1 L 1 L L L L ¥ EMI
4 EBEmM4
¥ BT4
B FT4 Consol
@ CPTECDA
B @ cCrTECDS
@ CRTECDS:
W = s00% I cr=0418 @ oPTEenT
& e O CRTMA
p— @ CPTT
=111 pef ! CR= ®
CPTIT-2
-10
A - v — Esign Line
/=113 pef ] CR=0.124
k| o 4
ul Y <
01 pef CR=0.223
-20 '.
A -
B CR=0223
S
F3 =70% Ay A r" L] =84 pef mie CR=0.223
-4
CR=0.127
A
v CR=0.150 = i
40
W=50% 4 b ] ‘F CR = 0.157 o [ ]
—
50
50
-70
SOIL DESIGN PARAMETERS - CELL1
NOTES: STATE OF LOUISIANA
1. LOGS OF BORINGS AND CPTS WERE PRESENTED IN OUR DRAFT DATA REPORT. COASTAL PROTECTION AND RESTORATICN AUTHORITY
2. UNIT WEIGHTS SHOWN ARE TOTAL UNIT WEIGHTS AND SHOULD BE APPROPRIATELY REDUCED TO ESTIMATE EFFECTIVE STRESS STATES. GRAND BAYOU RIDGE AND MARSH RESTORATION
3. DESIGN PROFILES SHOWN CANNOT FULLY ANTICIPATE AL PARAMETERS WHICH MAY INFLUENCE SELECTION OF DESIGN VALUES FOR A SPECIFIC ANALYSIS. FORTHIS REASON, THE USER SHOULD CONTACT EUSTIS ENGINEERING, LLC. PRIOR TO PLAQUEMINES PARISH, LOUISIANA
USE OF DESIGN PROFILES IN ANV ANALVSES. CPRA CONTRACT NO. 2400015365
4. CRVALUES WERE CALCULATED USING THE MOISTURE CONTENT CORRELATION FOR SOILS WITH & MOISTURE CONTENT BELOW 100% PRESENTED IN FIGURE 5. CPRA PROJECT NO, BA-0217. TASK NO. 3
5. INTERPRETATIONS OF CPT OCR ARE BASED G OCR[1) AND ASSUME & SOILUNIT WEIGHT OF 100 PCF. DRAWN BV: HCW. | 0B ND.: 24365
E U ST | S CHECKED BY:1JH. | DATE 2 JULY 2021
EHEINELEING LC [FIGURE 2 [Sheet 2 of 2)
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Earthen Containment Dike Design

UTILIZING MARSH CREATION AREA SETTLEMENT ANALYSIS RESULTS

MCA-4 Marsh Fill Elevation vs. Time
Existing Mudline = -2.0 ft to -3.0 ft
Fill Period= 40 days
Design Curves at 150 and 300 g/L

4.00

E p— \

Maximum CMFE at 150g/L = +3.7 ft

A 3.00 E: ~——

& 1

~l

- H

= HE:

=]

@ 2.50 H TY20 Maximum ]
| : Elevation at 150 g/L. =

2 1341t

22'00’ Upper CMFE = +2.25ft |

z pper . — TY20 Maximum

- Elevation at 300 g/L =

= 1.23 ft

E 1.50

K

g

=

1.00
0.50 Lower CMFE = +1.751t
I——
—
——
S
0.00
0 2 4 6 8 10 12 14 16 18 20
Time (Years)
10%+ ESLR (ft) 90% + ESLR (fi) ---- MHW + ESLR (ft) -=--- MLW +ESLR (ft)
—Mudline =-2.0ft e Mudline =-3.0 ft e Concenfration=150g/L. ® Concentration =300 g/L
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Earthen Containment Dike Design

S LO P E STAB I L I TY ANALYS I S CAS ES Worst Case Scenario: set at

maximum elevation determined

Maximum Scenario: set at 1-ft from MCA settlement analysis
above maximum CMFE (lower concentration, lower
mudline)
CREST WIDTH
w
EARTHEN CONTAINMENT DIKE (ECD)
CRESTEL =H

_____________ CONSTRUCTION MARSH FILL (CMF) EL

CASE B [MAX., CMF EL.) W

- CASE A-1 [MLW) -

EXISTING GROUND

Conduct a global and local =slope stability analyses of the
proposed ECD templates, heights, side slopes, minimum bench
offset, borrow area cut geometry, maximum CMF EL, MLW,
rnulti-ift CMF if required, and other cases deemed necessary to
ensure ECD stability.

Stability Analyses Notes: BEMNCH OFFSET
1

General Notes:

The existing ground elevation should be analyzed at a
rminimum of two elevations along the BECD; 1) the lowest
bottom elevationfcrtical condition 2) the average open
water andfor existng marsh elevafion/general

X

ECD BORROW AREA -
The conditions.

followi hould b lyzed using Table B-5. : MAX. CUTEL.=C
clowing cases snoy = analyzed usng fabie Y e ————————— The ECD unit weight and cohesion is typically expressed
CASE A-1: Global stability check: During ECD bomrmow BOTTOM WIDTH ¢ as a percentage of the EBECD Borow Area  soil
excavation: MHW (opposite side of borow), MLW (bomow side). VARIES parameters.
CASE A-2: Local stability check: During ECD borrow excavation; A distributed load of 260 psf is fypicglly uvsed based on
Distribufed load from excavation equipment, MLW (bomow side). . . large marsh hoe/marsh buggy eguipment. The ECD is

Figure B-5: Typical ECD Template. constructed in several liffs.
CASE B: Dredged Material placed to CMF EL; CMF (max.
elevation), MLW (opposile side of bommow). A geosynthetic reinforcement fabric may be utiized to

. i th ini FOS.

Version 1. December 21, 2017 °Gcheveihemnmum

Page | 33
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Earthen Containment Dike Design

SLOPE STABILITY ANALYSIS

Color | Name Model Unit Cohesion’ | Phi* | Phi-B | Piezometric
Weight | (psf) (SN Line
{pch)
. CHel-15t0 24 | Mohr-Coulomb | 100 135 0 |0 1
. CHel-24t0 33 | Mohr-Coulomb | 103 225 o |o 1
. CHel-40to 44 | Mohr-Coulomb | 110 350 o |o 1
|:| CHelTto-12 | Mohr-Coulomb | 110 75 o |o 1
D ECD Mohr-Coulomb | 75 75 o |o 1
|:| MLel-12t0-15 | Mohr-Coulomb | 112 200 15 |0 1
. ML el-33to 40 | Mohr-Coulomb | 110 200 15 |0 1
D PTIOH el 2 to -7 | Mohr-Coulomb | 70 60 o |o 1
| 251t
File Name: MCA-1 (CPRA).gsz
Mame: el -2.5, 4H:1V
Mame: A_A-1a 9
iyl
— A4H1Y ._—
el 4

LLLLL 3HAV

ne|-25tiif'+i*'ti‘{ T vrl!!%/
G ooy b 4 4 A

= T

- L i
* 17 Y Y

Distance

CASE A-1: GLOBAL STABILITY CHECK; DURING ECD BORROW EXCAVATION (FAILURE WITHIN THE ECD)

COASTAL PROTECTION AND RESTORATION AUTHORITY




Earthen Containment Dike Design

SLOPE STABILITY ANALYSIS

File Name: MCA-1 (CPRA).gsz
Mame: el -2.5, 4H:1V
Mame: B. A-1b

LLLLL

3HAYV

Color | Name Model Unit Cohesion' | Phi" | Phi-B | Piezometric
Weight | {psf) o (. Line
{pcf)
. CHel-15t0-24 | Mohr-Coulomb | 100 135 0 |0 1
. CHel-24 to-33 | Mohr-Coulomb | 103 225 0 |0 1
. CHel40to 44 | Mohr-Coulomb | 110 350 o |0 1
|:| CHelTto-12 | Mohr-Coulomb | 110 75 0 |0 1
D ECD Mohr-Coulomb | 75 75 0 |0 1
D MLel-12t0-15 | Mohr-Coulomb | 112 200 15 |0 1
. MLel-33to 40 | Mohr-Coulomb | 110 200 15 |0 1
D PT/OH el 2 to -7 | Mohr-Coulomb | 70 60 0 |0 1
—
1 | | ; 3
I
[ ]
el3

ChHel25y v ¥ ¥ ¥ v ¥ ¥ % _V

¥

4

- (I |
v A ¥

Distance

CASE A-1: GLOBAL STABILITY CHECK:; DURING ECD BORROW EXCAVATION (FAILURE WITH RESPECT TO

THE BORROW PIT)

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Earthen Containment Dike Design

SLOPE STABILITY ANALYSIS

Color | Hame Model Unit Cohesion' | Phi' | Phi-B | Piezometric
Weight | (psf) (WY Line
{pch)
. CHel-15t0 24 | Mohr-Coulomb | 100 135 0 |0 1
. CHel-24 to 33 | Mohr-Coulomb | 103 225 0 |0 1
. CHel-40to 44 | Mohr-Coulomb | 110 350 0 |0 1
[] |cHelTto-12 | MohrCoulomb | 110 75 0 |0 1
D ECD Mohr-Coulomb | 75 75 0 |0 1
D MLel-12t0-15 | Mohr-Coulomb | 112 200 15 |0 1
. ML el-33t0 40 | Mohr-Coulomb | 110 200 15 |0 1
D PT/OH el 2 to -7 | Mohr-Coulomb | 70 60 0 |0 1
25t =——1<]
File Name: MCA-1 (CPRA).gsz
Mame: el -2.5, 4H:1V
Mame: C.A-2 1 1 9
| |
— AHAY ._
eld
P - rr e T T - e .
o 0125 PV =¥ F=¥tr-T-¥-pe=2 3H:tv A o s

s0 4 é Hl"\

Distance

CASE A-2: LOCAL STABILITY CHECK; DURING ECD BORROW EXCAVATION; DISTRIBUTED LOAD FROM

EXCAVATION EQUIPMENT

COASTAL PROTECTION AND RESTORATION AUTHORITY




Earthen Containment Dike Design

SLOPE STABILITY ANALYSIS

Color | Name Model Unit Cohesion' | Phi' | Phi-B | Piezometric
Weight | (psf) (SN Line
{pch)
. CHel-15t0 24 | Mohr-Coulomb | 100 135 o |o 1
. CHel-24 to 33 | Mohr-Coulomb | 103 225 0o |0 1
. CHel-40to 44 | Mohr-Coulomb | 110 350 o |o 1
[] |cHel-Tto-12 | Mohr-Coulomb | 110 75 o |o 1
|:| ECD Mohr-Coulomb | 75 75 o |o 1
D MLel-1210-15 | Mohr-Coulomb | 112 200 15 |0 1
. MLel-33t0 40 | Mohr-Coulomb | 110 200 15 |0 1
D PT/OH &l -2 to -7 | Mohr-Coulomb | 70 60 o |o 1
D Sand Fil Mohr-Coulomb | 115 0 2 |0 1
J— 25 ft —
File Name: MCA-1 (CPRA).gsz
MName: el-2.5, 4H:1V
Mame: D. B-1
o AHAY
L4 . el3
P - - - r - - r _-‘-'"-— - -
oW el 25 TV ey 3H:1V
T -‘N""\-‘._,_\_ "
C el -10 _—

Distance

CASE B: DREDGE MATERIAL PLACED TO CMFE (MAXIMUM)

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Earthen Containment Dike Design

CONSIDERATIONS FOR SLOPE STABILITY ANALYSIS

* There are multiple ways to model construction equipment for the settlement analysis
- Continuous strip load (more conservative) vs. two separate strip loads to model equipment tracks
- Accounting for buoyancy

* |tis generally preferred to build ECDs larger than to include geotextile fabrics:
- Installation of fabric is difficult.
- Increases overall cost of the project.
- Creates O&M concerns.

* Hay bales and/or sheet pile design may be necessary depending on geotechnical conditions and mudline elevations.

* Accounting for potential mud-waving of surficial organic layers can be analyzed in multiple ways:
- Assume material is displaced, and the existing mudline is now deeper.
- Include in stability analysis and estimate geotechnical properties.

* Shear strength gain between lifts can help increase factors of safety.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Earthen Containment Dike Design

SETTLEMENT ANALYSIS RESULTS

Earthen Containment Dike Crown Elevation vs. Time
Crown Elevations from +3.5 ft to +6.5 ft
Existing Mudline = -1.0 ft to -3.0 ft
7.00 T I
Upper Crown Ele. = +6.5 ft Inundation Levels at TY20
10% +ESLR =+42.07 ft
90% + ESLR =+0.66 ft
6.00 | ‘
— Max Ele. at TY20 = +4.81 ft
——
—
2 5.00
8 A,
—
:E -____—_————_
@
&
&
o 4.00
§ kﬁ=
-
4 &‘ _—
=
= 3.00 I
=
2 [
E i Lower Crown Ele. = +3.5 ft _’:11
&= 2.00 S ——
I [ I E—
I J Min Ele. at TY20 = +2.31 ft K_, -
R e — [ Ry S et
0.00
0 2 4 6 8 10 12 14 16 18 20
Time (Years)
— 10%+ESLR (f9) — 0%+ ESLR (f) - - -~ MHW + ESLR () -—-- MLW +ESLR (/) —— ECD=+35 ML =-1.0'
—ECD=+4.0 ML=-10 =—e—ECD=+40.ML=-2.0) =——ECD=+55 ML=-20" =—a4—ECD=+50,ML=-3.00 —8—ECD=+6.5" ML =-3.00

COASTAL PROTECTION AND RESTORATION AUTHORITY
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Earthen Containment Dike Design

TAKEAWAYS

* A slight deviation in expected soil
characteristics or assumed
construction conditions or practices
will likely require a re-analysis.

* Marsh creation and earthen
containment design feed into each
other.

* Modeling the mudwave is difficult.

e Construction monitoring is important to
make adjustments on the fly.

* |t is critical for the design engineer to
be in communication with the
geotechnical consultant.

COASTAL PROTECTION AND RESTORATION AUTHORITY

MARSH BUGGY/
TRACKED EXCAVATOR

A e

MARSH CREATION

CONTAINMENT DIKE -~ CONTAINMENT DIKE - CONSTRUCTION/
CROWN SIDE SLOPES STABILITY BERM

FOUNDATION SOILS

Figure Credit: GeoEngineers
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Construction Practices

APPLYING TO CHANGING CONDITIONS

Field sampling of dredge slurry allows for settlement curve adjustments during construction.

Sampling of the constructed ECD may be necessary to make adjustments to slope stability or
settlement analyses should issues arise.

Instrumented settlement plates provide insight into effective and total stresses present during
dredging operations that can be used to evaluate the project during construction.

Piezometers can be used to monitor pore pressure dissipation and inform earthen containment
dike lift schedules.

Settlement plate data can be used to gain insight on potential future projects in the vicinity.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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onstruction Practices

ADAPTING TO CHANGING CONDITIONS - INSTRUMENTED SETTLEMENT

PLATES (ISP)

Data Logger

COASTAL PROTECTION AND RESTORATION AUTHORITY

Piezometer

Pressure Cell
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Construction Practices

ADAPTING TO CHANGING CONDITIONS - INSTRUMENTED SETTLEMENT
PLATES (ISP)

——PZ (psf) ——TPC (psf) Solids Pressure (psf) ——PZ(ft)

Dredging Post-Dredging

Solids pressure
can be used to
determine if
enough soil solids
have been placed
to meet project
goals

. Ui

g

-I fy
1
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Conclusions and Takeaways

GEOTECHNICAL DESIGN OF MARSH CREATION PROJECTS

e Soft soils on marsh creation projects are softer than you may think.
- Shear strength values less than 100-150 psf are very common in the upper 10-15 feet of marsh creation project.

- A majority of projects contain surficial peat and organic clay layers that make design and construction challenging.

Marsh creation settlement (and even containment design) is a dynamic process.
- A large number of assumptions have to be made in order to generate estimates of settlement.
- A slight deviation in expected soil characteristics or assumptions may require a re-analysis of settlement.

Earthen containment and marsh creation design feed into each other. The analyses inform each other.

Data collection and analysis during construction allow for adjustments on the fly.
- ISP data can help make informed decisions on marsh elevation and quantities in real time.
- Field sampling of slurry or ECD materials can be used to make adjustments to design analyses.

It is critical for the design engineer to remain in communication with the geotechnical consultant.

COASTAL PROTECTION AND RESTORATION AUTHORITY
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COASTAL PROTECTION AND RESTORATION AUTHORITY MARCH 31, 2022

Thank You

SCR
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=

@LovisianaCPRA

ADAM D. LINSON, P.E.,


mailto:adam.Linson@la.gov
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