Mel Price-Wood River Problem

Seepage Area Background
Wood River D&LD - Upper
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Project Regional Map
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Vicinity/Seament Map
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Typical Sections
Mainline Levee Embankment

Riverside Landside
Elev. 446* ft 20ft
500 year flood EL 443’ RS Levee Raise
4 18” Top Soil 4
Riverside 1 1 Seepage
Berm Berm Relief
Sand Core 50 Wells
..o ] \
Toe Elevation 410.0 L
Approx Crest Height: 33Ft g
Crest Width: 20 Ft g
Foundation Geology: Clay Blanket then Aquifer Sand )
Levee Materials /Zoning: Hydraulic Fill and Clay cap
Riverside Erosion Protection: Grass .
*Minimum Levee Profile Elevation @ Sta 175+00
Reference Hydraulics slide for details regarding V4 BUILDING STRONG@

determination of elevations
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Geomorphology / Foundation Geology
Interpreted from CEMVS EXxploration

Blan ket — FINE CLAYEY Dt *Clay and Silty blanket very thin (1 to 3

feet) at levee toe and very thick (Up to
SILT 24 feet) farther from levee toe.

SILTY
" | =T SILTY SAND
AP LENSES ™

GRAVELLY SANDS

Alluvial aquifer 70 to 125 feet
thick.

GLACIAL OUTWASH COBBLES AND.BOULDERS

Bedrock e

MISSISSIPPIAN-AGED, ST. LOUIS FORMATION
LIMESTONE

*Thickness is highly variable ®
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Project Geomorphology (1927)

Prior to Levee Construction — Proposed Alignment in Red
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{| Wood River D&LD Upper Levee Alignm

Many features alongside the river still controlled more
by natural forces and less by manmade changes.
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Outline

= Description of Underseepage
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Simplified Explanation of
Underseepage

Glass tube

F=+—  Water

®
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Simplified Explanation of
Underseepage

Riverside Landside

18” Top Soil

Sand Core

Toe Elevation 410.0
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}Pi'e‘z'(').metr_icPressure Due to -
Seepage - S

* SEEPAGE THROUGH LEVEE AND FOUNDATION
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Riversicde

Piezo Line With Berm

NATURAL BIFANKET]

FOUNDATION SAND

BEDROCK
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Riversicde Lancsicl

®

Well Flow R

Piezo Line
Without Well

NATURAL BIEANKET]

FOUNDATION SAND

BEDROCK
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Riversicde Lancsicl

®

Seepage Cut-Off Wall

No Flow

- BEANKET]

FOUNDREIION SAND

BEDROCK

21 BUILDING STRONGg




Outline

* Problem Discovery

®
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Performance History

Mel Price Seepage Area

= Relocation of old Lock & Dam 26 two miles
downstream to Mel Price Locks & Dam caused a

permanent pool to be placed on the Upper
Wood River Levee from Sta 0+00 to Sta 115+24.

S8 ’\ N S P PR
o~y v T & R < oy
,‘ o\ \\ NI -y ;,';;"\; ; ‘i: . l\ ‘ g % > a |
Levee in Tailwater oS S gl Levee in Pool of & Y
of Old L&D 26 el Mel Price L&D /
— : I &2 5, / " nGoogle ®
; : - " %7 S \o¥
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Mel Price Seepage Area

®
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Problem Discovery — 2009

Data Gathering to refine LIDAR
information

Discovered clear flowing
seepage
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Problem Discovery

D 73 « - o s 3, -

e g g

s, —
100+ 00—

Boil locations were Identified
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Problem Discovery — November 2009
Uncontrolled Seea eadSand Bo[ls

i} \ .‘RK l*“ﬂ’?,t&p\‘\\

-\

Ongoing Uncontrolled

Seepage and Sand Boils.
Caused by constant

" normal pool at Melvin
Locks and Dam. |
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EMBANKMENT SEEPAGE SUPPORTING
PHOTOS

Upper Wood River Levee

Melvin Price Dam (L&D26R)

Sheet flows of
Underseepage Collecting

Uncontrolled Underseepage

gl SRl and causing Head Cutting
Erosion
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Outline

= Problem Analysis

®
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Soil Probes — Identify Blanket Thickness

®
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Borrow Locations with
Seeae Locatlon Overlald
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1941 Aerial with Seepage
Location Overlaid
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Originally Installed Wooden-Stave
Relief Wells
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Mel Price Seepage Area
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443

EXISTING WDOD RIVER LEVEE

PGL—-443 5 CLAY CAP

SEE DETAIL

DISCHARGE VARIES
EL 414 — 416
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Original Piezometer Layout
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Outline

= Develop a Permanent Solution
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Proposed Seepage Cut-Off Wall
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Boulders/Cobbles
Encountered during 2014 Pump Test
Construction of Mel Price L&D

EXRTACTED PILE B-60 #4

WITH ENTRAPPED BOULDER
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Outline

= Revise the Permanent Solution using a
“Risk Informed” Decision Making Process
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Risk Definitions

" Risk = P(load) x P(failure)en the 10ad X
Consequences‘given failure

= Risk Analysis — A guantitative calculation or
gualitative evaluation of risk

» Risk Assessment — The process of deciding
whether risk reduction actions are needed

®
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Failure Event Tree — Internal
Erosion Due to Underseepage

MELVIN PRICE WOOD RIVER FAILURE EVENT TREE
INTERNAL EROSION DUE TO UNDERSEEPAGE BREACH

Early Detection and
8 lnt:ryvenﬁon is

INITIATION

Is Exit
Unfiltered

And Allow Free
Movement
Sand?

INITIATION

Continuous
Cohesionless
Uniform Layer
Exist

C=7?)

INTERNAL EROSION DUE TO UNDERSEEPAGE

(FLAW) A COMBINATION OF THE DEFECT/FLAW EXISTS WHICH COMPROMISES THE CONFINING
LAYER WHICH PROVIDES A PATHWAY/CRACK THROUGH THE CONFINING LAYER.

(UNFILTERED EXIT) BACKWARDS EROSION CAN CONTINUE BENEATH THE CONFINING LAYER
FOUND UNDER THE LEVEE WHICH IS CAPABLE OF MAINTAINING A ROOF.

(INITIATION) A RAINFALL EVENT RAISES THE MISSISSIPPI RIVER LEVEL ABOVE LEVEE TOE
WHICH CAUSES SATURATION OF FOUNDATION SAND. HIGH PIEZOMETRIC PRESSURE IS THEN
TRANSMITTED THROUGH THE FOUNDATION TO THE LANDSIDE OF THE LEVEE. THE GRADIENT
IS DEVELOPED AT THE BASE OF THE DITCH TO THE POINT WHERE THE CRITICAL GRADIENT IS
EXCEEDED AND MATERIAL TRANSPORTATION IS INITIATED.

(PROGRESSION) THE CRITICAL LOADING DURATION IS SUFFICIENT TO ALLOW BACKWARDS
EROSION TO PROGRESS THE PIPE DIRECTLY UNDER THE CONFINING LAYER TOWARD THE
RIVER.

(BREACH) THE PIPE LEADS TO GROSS ENLARGEMENT OF THE PIPE AND COLLAPSE OF THE
CLAY ROOF WHICH LOWERS THE CREST BELOW THE FLOOD LEVEL. THIS ALLOWS
OVERTOPPING AND EVENTUALLY BREACHES THE LEVEE. ®
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Failure Event Tree — Nodes 1, 2, and 3 informed
by piezometric data interpretation

INITIATION

e AT B
CONT
vE
INITIATION
Is
hlr
r
YES )
MATERIALS ARE Se
ERODIBLE Backward Erosion
Initiates e
YES , L
Antecedent
INITIATION
Continuous amage?)
Cohesionless
VES E;Iig?rm Layer NO 4
(C=7)
Heave/Blowout NO <

-

——
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Detailed Riverside Stra

tigraphy: Stat

lon 95+18

1 I 2 | 3 | i
US Arey Corpa
RIVERSIDE orEngineas’
ISLAND- 1927

SLOUGH- 1827

2013 FLOW VELOCITIES

ATEL.4308: 4-5FT/SEC 2013 FLOW VELOCITIES AT EL. 430.8: 3-4 FT/SEC

2013 FLOW VELOCITIES
ATEL 4308: 2-3FT/SEC

EXISTING GROUND SURFACE

RS

DATE

2013 FLOW VELOCITIES
AT EL.430.8: 1-2FT/SEC

Y T =

DATE

CLAY BLANKET

DESCRPTION

Upper Layer:

fE Mississippi River sands i B
SE < about 60-ft thick. =
é;@ “Rind” deposits reduce efficiency S égi EEL
=28 of hydraulic connection between S =2 e |5 |2
river and coarse-grained aquifer. = Silty Sand Aquitard :
Lower Layer: |
Glacial cobbles and
boulders about 50-ft thick. 41
DEEP SILT EE;
LEGEND 3
EXISTIN(; 0G| ?m&gﬁs;cg 77777777777777777 DEEP CLAY v
2007 HYDROSURVEY ?
1067 LYDROSURVEY i s
4
fg 3
-540 -530 -520 -510 -500 -490 -480 -470 -460 -450 -440 430 -420 -410 -400 -390 -380 -370 -360 -350 -340 -330 -320 -310 -300 -290 -280 -270 -260 -250 -240 -230 -220 -210 -200 -190 -180
MEL PRICE SECTION 95+18 ST
s o= - YRS
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PFM 1 Node 3

= Modeling results against critical

- BEP Initiates

Average Gradient, igy

0.10

0.08

BEP Progression: Station 95+18

AH/L
SEEP/W: Without

,/
/ RS Rind & Without
LS Blanket

SEEP/W: With RS

Rind & Without LS
Blanket

SEEP/W: With RS

T | Rind & With LS | |t
Blanket

419 424 429 434 439 444
River Level (ft-NGVD29)
— — Hoffmans (2014) — — Sellmeijer (2011)
— — Schmertmann (2002) B  jh, PZ-55XA & PZ-04

------ Linear (ih, PZ-55XA & PZ-04)

Seepage length, L = 530

®
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Risk Matrix

Annual Probability of Failure (APF), f

1E41
1E-2 4
Esan Saiandai hisis N |
[ Total Incremental !
Risk I
|
1E3 K Forvs
L™ I i
LN 3, 5.43E104 tnter
N\ |
L AN |
N
. i
2200604 '
1E4 == \—-——l
I Overtopping N
[ Wi gent Ny Tolerable Risk Reference
N\ »~ Line
N
N
N
1E-5 + \\
F N\
N
N
N
AN
AN
\\
1E-6 T N
F AN
N
AN
N
AN
N\
167 + : >
£ High Consequence
Events
1E-8 Y PRI L PR " P " PR R
1 10 100 1,000 10,000

Average Incremental Life Loss, N
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Outline

= Current Path Forward i)
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Proposed Plan
Install 100 New Relief Wells

= Relief Wells Prevent Progression

» Provides a Filtered Exit to Prevent Erosion of
Foundation Sand

Filtered |. T
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Proposed Plan
Install 100 New Relief Wells

“

« Lowered Relief Well Outlet
Elevation
o ~7 feet lower

*"7'.3;\
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Questions?

®
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