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Presentation Outline

Figure 16B. Predicted Water Levels at MP-1
100-year Flood Event (Hydrologic Model)
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How does a levee perform?

LEVEE COMPONENTS:

Levee Crown: The flat surface at
the top of a levee that is equal to
or narrower than the base

Embankment: A mound of earth
raised to retain or divert water

Freeboard: The height of a levee
above the flood level it was
designed to protect against, used
as a safety measure to
compensate for design
uncertainty and unanticipated
factors that could increase the
size of a flood

Levee Toe: The edge of the levee
where the base meets the natural

Freeboard ' e

Embankment

underseepage

“a man-made structure, usually an earthen embankment, designed and constructed
in accordance with sound engineering practices to contain, control, or divert the
flow of water in order to reduce the risk from temporary flooding.”




Why does a levee fail?

* Geologic Variability:

interconnected uniform granular zones.

Increase in seepage
pressures beyond expectation, under-designed system
to carry flows away from levee.

Embankment
erosion remains unchecked; excess vegetation; relief
wells plugged; animal burrow holes left, collapsed
culvert penetrations; etc.
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increase height and limit seepagé through
embankment.

\\ @ Continued investigations from 201
O\Geophysmal surveys, borings,
prezorﬁgters smart data collection




Smart Data Inputs

» Area-specific river gauging

« Area Groundwater Levels

— Regional and site-specific rainfall
gauging stations.

- over multiple time frames
during Ohio River high water events to document city
Inundation extent.

— automated and continuous




2D Electrical Re3|st|V|t Proflle

Boring Log Record

Clay Blanket Layer

Projection of Projection of PrOJBeczufg ofPrOJecuon ;mjgcé%] of North
South B-104 B;217 B-205 °
Easting: 685801 m. Easting: 685933 m.
MNorthing: 4332008 m. Distance Alond Individual Profile (ft) Northing: 4332365 m.
0 100 500 Ei I] TDI] 80 1000 1100 1200
I T I | | L1 | | 1 | I I | | | | TN I N I N Y N I N
I TT T T TT I | T II I I T I I I T I T T T I I T I I I I | rTTr ITT T T TTTTTTE
5001 365 '3?0 3?5 * BD 390| 3 405 410 415 420
- Number I | F150
3 —— R e ' = e domes. AT
. = =140
&= 450+ E =
g 4907 ~ > O E
] Nt g F130 T
S - E 2
g 4007 £120 §
= 1 E =
@ 7 E o
il 110w
£100
Per‘"ous Laye rs STA 65+00 STA 70+00 E

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5850 5900 5950 6000 6050 6100 6150 6200 6250
Cumulative Distance Along Profile (ft)

2D Resistivity Profile with Borings Provides Continuous
Upper Blanket Thickness and high resistivity lower pervious zone




Terrain Conductivity (mSim)
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® Survey over 350 acres.
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Greendale

Smart Data Monitoring Network Eeg
borings/piezometers at 12 critical
locations for levee and upseepage P
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Ohio River (Tanners Creek) and Piezometer Water Level Elevations
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Ohio River Water Level (Tanners Creek) and Piezometer Water Level Elevation — 2018 Peak Event
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Flood Stage Prediction at Piezometer PZ-2

Linear Interpolation
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Flood Stage Predictions at Piezometers - Linear Interpolation
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Hydrologic Modeling

Monitoring Monitoring
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Figure 15B. “Semi-infinite  aquifer  with

Figure 15A. “Semi-infinite aquifer” diagram as
described by Hall and Moench (1972) semipervious stream bank” diagram as described
by Hall and Moench (1972)

Kaquifer

Model Inputs: Aquifer thickness, aquifer hydraulic conductivity, specific yield, distance from well
to river, stream bank hydraulic conductivity, stream bank width

River Bank Conceptual Site Model

One-dimensional transient analytical solution for a saturated, unconfined
aquifer with a horizontal impermeable base and hydrologic boundary (river)




Figure 16A. Calibrated Hydrologic Model at MP-1
February-March 2018 High Water Event

Model Results Semi-Infinite Aquifer
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Figure 16B. Predicted Water Levels at MP-1
100-year Flood Event (Hydrologic Model)

Model Results Semi-Infinite Aquifer
Two-stream Analysis

“ 100YR Stream

User Defined Two Stream
both w/ Stream Bank
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Figure 12B. Flood Stage Prediction at Piezometer PZ-1
February-March 2018 High Water Event
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Support Vector Machine (SVM)

MSE lin = 0.845
MSE rbf = 0.267
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Figure G20. Flood Stage Prediction at Piezometer PZ-1
| | I I

MSE for SVM-linear Model = 1.15
MSE for SVM-rbf Model = 0.892
Nonlinear Piezometer Prediction for 100 year Flood: 462.75 ft
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Machine Learning Technigues
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100-Year Flood Level Predictions at Piezometer Locations
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Linear — Maximum (5 out of 12)
SVM - Maximum (2 out of 12)
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Conclusions

® Site characterization studies allowed
for the selection of ‘smart data inputs’
at the most critical locations along
the Greendale Levee and within the
City of Greendale.

The smart data inputs allowed linear
and hydrologic modeling results to be
calibrated against real data to
improve the confidence in 100-year
Ohio River high water event
predictions.




Conclusions

Smart data allowed for the
development of non-linear
Machine Learning (ML) models
that accurately simulate river
and groundwater levels during
the 2018 Ohio River high water
event.




Conclusions

Figure 16B. Predicted Water Levels at MP-1
100-year Flood Event (Hydrologic Model) Linear, Machine Learning and
Model Resuls Semi nfinite Aquifer Hydrologic analyses all indicate severe
Tepatmam Analias inundation of Greendale for the 100-

L year Ohio River high water event.
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ML techniques appear to be able to
replicate predictions made from
calibrated linear and hydrologic models
based on real world physical
relationships.
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