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» Traditional vs ‘Wet’ Geotechnical Engineering Design
Basic Differences

» Peoria Riverfront Development
‘Wet’ Geotechnical Engineering Design Case Study

» Conclusions
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Soil Characteristics
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Typical Moist Soil Construction

Optimum Moisture

Compaction

/ Maximum compaction potential

Moisture level for
maximum
compaction

>

Soil Moisture

Density Control
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Atterberg Limit Testing

The liquid limit (LL) is conceptually defined as the water content (WC) at
which the behavior of a clayey soil changes from plastic to liguid

Volume, V. gpinkage Plastic Liquid
$ Limit(SL)  Limit (PL) Limit (LL) A
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Water b
Content, w

Solid Semi-solid Plastic Liquid
Phase Phase Phase Phase

Plasticity Index
(Pl) PI=LL-PL
Range of water content over which soil remains plastic.
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https://en.wikipedia.org/wiki/Plasticity_(physics)
https://en.wikipedia.org/wiki/Liquid

Typical Saturated Soil (Backwater Sediment)

high WC in upper 2-4 feet lower WC with depth
SF12-01-9
WC
EL. 592.0
[185] HA "1 WATER
611_ CH DK GR FAT CLAY
LL WITH ORGANICS
47/23 37
CL-CH GR LEAN TO FAT CLAY
32
35
N 2074960
E 2223610

11 SEPT 2001
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Rock Island Soil Water Content /Strength Correlation
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ypical Moist Soil Design / Construction

Control Over Soil Compaction and Strength
Stable Cut and Embankment Fill Slopes

Potential Failure Surface PrINCIples are
Generally Applicable

to

Saturated Sediment
Design & Construction
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Saturated Sediment
Main Geotechnical Design Outputs

Cut Slope Height and Steepness (Overwintering Habitat)
Embankment Slope Height and Steepness (Elevation Diversity)
Cut / Embankment Fill Slope Offset Distance (Slope Stability)
Dredge Bucket Size and Type

Contract Duration to Achieve Final Geometry
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Saturated Sediment
Geotechnical Design Examples

= Peoria Lake 1991
» Lake Chautaugua 1997
= Pool 11 Islands 2005
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Peoria Lake - 1991

Sidecast Mechanical Dredging
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Lake Chautauqua — 1997

Backhoe Dredging Bankline Placement

VEGETATION |

TO REMAIN L 98 FT. MN.
DO NOT DISTURB \
e DISTANCE o |_DISTANCE VARES O
' | CLEAR/SCARIFY /CONSTAUCT
EMBANKMENT /SEED
2 UPPER LAKE

SEE DESIGN PROFILE
|

BEGINNING OF

= 1.5, BORRDW EXCAVATION
=" TIEINTO  “wedeoil o o
RVER-SDE T e
SLOPE -,  EXISTING_BORROW DITCH _ _.
“».(SEE CONTOURS ON PLAN) /"
I I_ \~~ ‘,
2 ------ .-"‘
' AMAXIMUM EXCAVATION
PERIMETER REPAIR DEPTH IS 426.0 FT.
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Pool 11 Islands — 2005

Sidecast Mechanically Dredged Containment Embankment
Hydraulically Dredged Overwintering Habitat Channels
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Containment Embankment Placement
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Low Ground Pressure Equipment

. =
1 1
. ; X F g e
i . — — e N N

BUILDING STRONGg,



Hydraulic Dredging Design Tools

DREDGING ERDC/TN EEDP-06-12
.............. : November 2004

The Automated Dredging and Disposal
Alternatives Modeling System (ADDAMS)

by Paul R. Schroeder, Michael R. Palermo, Tommy E. Myers, and Cheryl M. Lloyd

EM 1110-2-5027
30 September 1987

oF EngiyeaeaPs Engineering Manual

PROGRAM

Confined Disposal of
Dredged Material

10’ Lean Clay



Hydraulic Dredging Design

Inputs:
Excavation Volume Excavated Material Types Hydraulic Dredge Size

Lab Settling and Consolidation Test Data
Effluent Water Quality Requirements

Outputs:

Containment Area and Depth Effluent Weir Dimensions
Thickness and Elevation of Multiple Lifts of Dredged Material Placed at Given
Time Intervals (Long Term Storage Capacity)
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Additional Design Tools
for
Hydraulic Dredging and Sediment Containment

Sediment Dewatering Chemical Flocculant Addition
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Background Complete
for
Rock Island District’s
State of Geotechnical Design
for
Habitat
through 2003

Ready to Begin Case Study
£,
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Original Plan
Mechanically-Dredged Containment Embankment and

Hydraulically-Dredged Overwintering Habitat

= 55 acres of dredging

» Dredge backwater

deep
» Dredge channels
deep
» Dredge holes
» 450,000 CY
21 acres of island

S
91

T R
v i | B
L AEr iR -
© eI
1§ EEr
L4 B 3

Fiil”
] T | R
- ST

Li tirred | B

BUILDING STRONGg,



High Water Contents to 10-20 foot Depths

PL-00-3

443.9

HS

WATER

w(C

83

LL

7919 CH-OH GR FAT CLAY (SOFT)

78
82

52 (FIRMER W/ DEPTH)

62/24 49

O 90 99 9

47

(95.3) (D 45
= High WC close to LL 18 JULY 2000
= | ow vane shear strengths e

= Weakest sediment to date in Rock Island District
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Soil Strength Testing - Vane Shear Test

ASTM D 2573-72, "Standard test method for Field vane shear test in cohesive soil".

Push in Vane
at Bottom of
Borehole

g Torquemeter

L > T

- > 1

Lower Vane
to Bottom of
Prebored Hole
Four-Bladed
Vane Shear
Device:
D=62.5 mm S o
H=130 mm H= blade
e=2mm height
—> €
B = borehole
diameter

1. Insertion of Vane

“ = o

448 F=>
ﬁ -~ >

2. Within 1 minute, rotate 3. Perform an

vane at 6 deg./minute;

Measure peak torque, T,

- Vane Shear Test (VST) per ASTM D 2573:

Undrained Shear Strength:

In-Situ Sensitivity:

S,, =6 T(7TnD?)

ForH/D=2

S, =S, (peak)/S,, (remolded)

additional 8 to
10 revolutions

4. Measure residual
torque T, for
remolded case
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Low Confidence in Stability
Complicated and Lengthy Construction

JL EL. 440
= 5
@ EQ o
Safety Factor = 1.06
Factor of safety: 1.066
Side force Inclination: 3.28 degrees
DESCRIPTION UNIT SHEAR PORE

SHELF WIDTH WARIES. SEE
ISLAND SCHEDULC. PLATE 6
30" o

36’ . ] - -
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Sediment Embankment| 98 onegion 1100
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Extreme Low-Strength Sediment to 20-foot depth
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Field Conditions — Shallow Water
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Mechanical Dredging Constraints

Large distance between excavation and
placement areas

resulting in double handling of dredged material

Sediment too weak to ‘stack’, requiring multiple
passes and years to build containment embankment

Foundation too weak to support embankment
Erosion potential during construction

®
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Hydraulic Dredging Constraints

= Small Dredged Containment Area Size
* | ess Habitat Diversity — flat

= Hydraulically dredged fine sediment does not drain
from geotextile container fabric quickly, resulting in
‘flat’ containers

®
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RISK OF BAD OUTCOME TOO HIGH

BEGIN EXPLORING ALTERNATIVES

®
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Benefits of Geotextile Containers

Adds lateral confinement to a otherwise difficult to
use, low stiffness, high WC fine grained sediment

Water quality
Advantageous onsite water depths

Reduced stress on underlying soils, uniformly
distributing weight

Durability

®
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New Design Tools

» Drake’s Creek — USACE, Nashville

= Soll / Water relationships — material balances
= Geotextile Container Stability

= Geotextile Container Design

®
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Drake’s Creek

rarely

High Solids
Dredging

» High solids content achieved by

mechanical dredging.
» The goal of 40% solids was

Nashville District

of Engineers
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Material Balance Tool

Table 4. Dredged Material Soil Properties Before, During and After Dredging

In Situ Dredged Material Soil Properties Prior To Dredging

Balance dredge cut / fill
Predict bulking

Set reasonable %
solids requirement

Control Quality

WEIGHT

=0T

Specific Water Void Percent | WetBulk | DryBulk | WetBulk | DryBulk | Wet Bulk Dry Shrinkage Volume
Gravity Content Ratio Solids Density Density Density Density | Density Density | or Bulking In Situ
of Wwils | e=\WiVs Sh= (Gs+e)l Gsi{1+e) WiVt WiVt WiVt WsiVt Factor to be
Solids Ws/Wit (1+e) Ws/Vt (e+1)/ Dredged
WiVt [e+1)
% % griml griml pef pef tonslcy | tonslcy SF Wet cy
2.65 69 1.8 59 1.581 0.933 101.2 59.69 1.366 0.8058 120,000
Soil Properties Bulked in Geotextile Tubes and in Disposal Area After Initial Placement
266 | om0 | 27 | s | wm | oms | we | s | 1w | eems | m | 1w
Soil Properties After Consolidation and Dewatering in Tubes and Disposal Area
266 | 0 | 16 | e | e | wow | w7 | w7 | 13 | om | 1w | wew
Estimated Volume Decrease (%) = 0.10
Specific | Water Void Percent SAMPLE DATE 23-Sep
Gravity | Content Ratio Solids Sample# Date  Station Specific Water Void Percent
of WwiWs | e=WiVs St= Filled Gravity Content  Ratio Solids
| Solids WslWit of WwhWs e=\lVs §%=
Solids Ws/Wt
% %
2.65 62 1.6 61 % %
(Used DOER Program EROC TN-DOER-D1 page 10 to get 5% in D23) 1 16-Aug 2400  2.65 50 1.3 66
2 16-Jul  54+49 265 56 1.5 64
3 22-Sep 37+04 265 7 1.9 58
AVG= 63

Vs
SATURATED SQIL.

®
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Key Contract Requirement From
Material Balance Tool

1.4.4 Dredge Plant Requirements

The Contractor shall select a dredging system that provides
the required concentration of effluent solids. The Corps of
Engineers requires no less than 50 percent (by weight)
average effluent solids prior to placement in either
geotextile containers, or the designated placement area, Iin
order to ensure that the geotextile containers retain their
Intended heights.

®
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Sediment Foundation Fallure
Under Geotextile Container Load

TABLE C-4 Sediment Embankment
Bearing Capacity

Depth (ft) gallow FS
1 98 5.24
2 196 2.62
3 294 1.75
= 4 392 1.31
Height = 5ft 5 490 1.05
Factor of Safety =1.05 6 °88 0.87
cohesion (psf)= 100
qult=(5.14)*(cohesion)= 514 ®
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Geotextile Container Fabric Design

EATEmCATE

Geotube Geotube” Simulator

Glsnn Lundin 02-18-07

Input Dutput
Cal= 42806 |  Madmum Tenslle Forcs {T) = 0182 b,
Project kame |UBACE Rook lsland Gecubs” Base Cortact Wicth (B) = 16T [&
Units: Englich Gagtube™ Filied Widt (W) = 18.38 L]
WalerLever | Submenged Cagtube™ Cross Saciion Arsa (4) = LR O o
Geotube” Height [H) = BE |® Geotube™ vokme Fer Unit of Length ()= ar oy
Gestube® Cincumference () = 3 L] Pressure at Base (Fig; )= TT6  |osl
Specifc Grauty of FIl Materal (SGim} = 285 |5 Facior of Safsty = a8 FE
Canhube™ Fabric Type GTEN

* Elue Ling Ehown on Groce Savilon lo Wabsr Laysl

Geotube® Simulator
Cross Section

4i29/08 Praoject: USACE Rock Island
Units: Englich 10182 b
Walsr Level | Bulbmerged) 16.78 L]
Catube” Height (H) = BE = I
Geobube™ Clroumference (O = 45 10844 [=:q#
Specific Grauty of FIl Material (SGInt} = 285 | 4006 [cuwd
Canhube™ Fabric Type GTEN 38

= Based on Advanced
Strength of
Materials, Hartog

= [terative solution
which balances
tension in fabric and
slurry density

®
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Geotextile Container Specifications

High strength woven
polypropylene fibers to
resist calculated tensile
forces

45’ Circumference

100’ long and 60’ long-
shorter ones used for
curves

6’ high after initial filling
5’ high after a year

UV resistant

®
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Contractor’'s Response to Specifications

World Dredging, Mining, &
Construction, Vol. 45 = 6 cuyd vented crane bucket

= ‘big mouth’ screened hopper
= 260 cuyd/hr concrete pump

The crane and bucket’s

capabilities were matched
with a pump that could
also achieve a 260 yd® an Y
hour (200 m*hr) output;
and as a result, when =
pumping, maximum '
pmr uction is available.

‘ulg!‘
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Dredge line leading from concrete pump to
geotextile containers

®

BUILDING STRONGg,



Successful ‘Stacked’ Test Section Stability
-/ ~ El. 450

-

El. 443

Existing Ground

Flat Pool Approx. 438.5

(El. 440.)

. After completion of the first layer, most geotubes are 5’ high (EL 443.5)
. A second layer test section was added for applicability to future projects

®
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Minor displacement of sediment beneath
geotextile containers (FS = 1.06)

®
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Stage | Construction

s

= 135-100’ geotextxtile
containers filled, 25 - 60’
geotextile containers filled

= = 14,715 of bags

| = Entire CDF/island perimeter

finished

- | = Approximately 49,400 CY of

N material dredged

= Rip Rap placed for erosion
protection

®
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Stage Il — Fill “Island’ Interior

Inside View Outside View

®
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Spring 2014

Containers remain intact and above the sediment surface
Containers achieved goal of sediment confinement
Interior sediment from overwintering habitat dredging has some topography

®
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Take Home Points

Start with ‘classical’ geotechnical engineering design principles
Adapt principles appropriately and recognize limitations
Incorporate new ideas appropriately
Do not ‘overspecify’ contractor’'s means and methods

- limits ingenuity
Take advantage of opportunities to test concepts for future
applications

Involve geotechnical designers early in planning process to
help screen alternatives early

®
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