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Motivation: Some major cities
affected by recurrent flooding
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Flooding simulation (Computational Cost)

Meyerland area (Houston) during
Hurricane Harvey
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Flood control methods

Structural measures
(traditional approach)
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Motivation (Cont.)

Nonstructural measures: Watershed management, floodplain
management, floodplain zoning, flood Warning System, preserving
and maintaining wetlands




Retrofitting of existing storage systems

Example: Detention pond

« Small rain events: function as
usual

* Flooding conditions: function
as controlled systems

Retention pond

discharge
Storm water
runoff
N Water level
g Sediment forebay
ﬁ Concrete base Embankment
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Drainage of Storage Systems

1) Remotely-controlled gates in downward pipes

Remotely operated

Require a small amount of solar energy for
gate operation/sensor communication

CONTROL = * May require substantial construction for gate
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Drainage of Storage
Systems (Cont.)

2) Smart siphons

Remotely operated (3G/4G
cellular/radio/Satellite)

No construction is required (only anchoring)
Small amount of solar energy (priming)
Fail-safe

Relatively inexpensive ($3500 for a 12”
siphon)
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The Interface of our Control Software




The Interface of our Control Software

Siphons
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The Interface of our Control Software
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The Interface of our Control Software (Cont.)
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Our siphon in action




Schematic of our remotely operated

siphon system
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Architecture of our
remotely operated
hardware

Decision support system and
Software interface for control
of siphon system
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Connection between PLC, sensors and power
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How to optimally control the water release?
Our Decision Support System (DSS) - Fully automated

-PIGet near real-time data |

Robust Optimization |

Objective function:
Minimize
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Decision Support System

Software and Scripts

« Python scripts

« MATLAB scripts

« GA/pattern search
Optimization

« HEC-DSSVue

« HEC-RAS

« HEC-HMS

System is modular (software can be
easily replaced with another) and
simultaneous calculations of software
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Case Study: Flood Control in Little Cypress Creek,

Houston, Texas, USA.
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Case Study (Cont.) |
Hydrological Model (e.g., HEC-HMS)
GA Optimization ”"WWW”"'WWWWFWFWWTW

Parallel-computing HEC-RAS, TELEMAC



Precipitable water forecast generated with our
Python script
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Multiple precipitation forecasts (3, 5 and 7-day)
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Flow chart of
Integrated model "and intiaize optimizaion varisblos n MATLAB

GA Optimization (using parallel computing
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Engineering wetlands for flood control in Little
Cypress Creek, Texas
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GA and PS typical convergence process for optimal schedule of
storage outflows
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Typical optimization results of DSS:
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Current work
Artificial Intelligence for Much Faster Results
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Current work (Cont.)

Artificial Intelligence for Much Faster Results
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Current work (Cont.)

Artificial Intelligence for Much Faster
Results
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Concluding Notes

Conventional storage systems could be retrofitted for its controlled
operation, although this may require substantial construction.

The remotely-controlled siphon system can be a relatively inexpensive
method to manage water storage in shallow ponds and wetlands

The developed DSS aims to maximize the available storage in the
watershed and maximize the flow conveyance in the main rivers
(ahead and during flooding events).

The proposed DSS/hardware can be expanded for other applications
such as aquatic habitat improvement, water quality improvement, etc.

Machine learning techniques could be used to speed up the computations
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