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Today's Talk

Digital twin framework overview

Field deployment in Hanahan, SC

Sensor development

Flood modeling with HEC-RAS and TRITON
Early warning potential

University of South Carolina
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Elements of the Digital Twin Ecosystem

* Information flows bidirectionally
between the virtual )
. . s ety From physical to virtual
representation and physical P~ Sensor fusion, data fusion,

mverse problems Representation

CO U nte rpa rt. :A human-digital Modeling and simulation

twin interaction artificial intelligence;

Virtual
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through automated processes, ot f
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Definitions of Model-centric Approaches

 Digital Model: Static virtual , ,
physical virtual Digital

representation, no data counterpart representation | Model
exchange

.- . ] : data
 Digital Shadow: Online model physical Hwe virtual Digital

: : : g -
updating from physical to virtual counterpart representation | Shadow

* Digital Twin: Real-time model data

updating and actions physical % o virtual Digital

counterpart |¢— representation | Twin
actions




Decision-Maker Layer in the DT

* Decision Maker: Uses DT insights to issue controls
« Actions are directed towards the physical counterpart
* Queries are directed towards the virtual representation
Query/Response Loop: The virtual representation answers targeted questions and provides
predictions for informed decisions
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How We Build a Digital Twin

* We combine real-world data with physics-based models, update
it continuously, and use it to answer practical questions.

Physical Counterpart
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Virtual Representation

modeling tools
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From Data to Action: What the Digital
Twin Delivers

* This isn’t just a model—it will produce things cities can use
immediately: safer routing, better maintenance decisions, and
smarter investments.
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Case Study: City of Hanahan, SC

« The City of Hanahan experiences
flooding due to a combination of
rainfall-runoff, tidal influence, and

storm surge.
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Turkey Creek Watershed

Goose Creek watershed Area
=143 km?

USGS Digital Elevation
Model(DEM) 10 M resolution.

Focus on the Turkey Creek

watershed = 9 km?2
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Field deployment
Turkey Creek, SC
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Sensor design

magnet magnet groove

«——— O-ring groove
Based on open-source

O-ring <«— clear PVC
hardware and software =
clear PVC

3D printed parts

electronics

battery

chassis battery

Size, Weight and Power
constrained package sticker

All contained in one package screw to hold chassis

lear PVC
Easy to deploy e ultrasonic

distance sensor

Fo_cused towards citizen solar panel
science solar panel

Repository link to  #7pa=sisy _ o
the sensor 5 ) Full body view Cross section view

package design 2 sy P SWaP-Constrained UAV-deployable Water-Level Sensor (SCUWLS)

Slide borrowed with permission from ARTS'Lab
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B Grad. student Asif Khan. RS s LA oR




The UAV deployable version

An electro-permanent magnet (EPM)
combines a permanent magnet with

an electrically switchable magnetic
field.

OpenGrab
EPM V3

Slide borrowed with permission from
Grad. student Asif Khan.



Long extended operation

« Externally wired large solar panel

« Temporary solution for long extended data logging

Slide borrowed with permission from
Grad. student Asif Khan.




HEC-RAS Model Domain

USACE - HECRAS 2D model.
-Sensors
Covers the Turkey Creek watershed.

No. of cells is 900k.
LiDAR 2ft.

Tidal boundary + excess rainfall over grid

Next steps: incorporate storm networks
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Flood Modeling Error
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TRITON Tidal Boundary Condition and Flood
Propagation

Tidal Condition - Hour 0 | Tide = -0.712
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Comparison of TRITON and HEC-RAS
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Both the high
tide peaks are
effectively
captured.

The peak with
less than 3.5 cm
difference.
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Texas Camp Mystic flash flood
July 2025

e« >200 mm rainfall in 12 hours

Total Rainfall S e
1.5 July 2025
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« 130 fatalities (27 at Camp Mystic)

* no upstream monitoring
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Early signs of flash flood

Ref. Pt 1 Ref. Pt 11

(mm/hr)

1st hour 634 267
2nd hour 864 1,212

Camp Mystic
(mm/hr)

230
657

3rd hour 1,773 1,706

142160l

2,317
3,711

"Negative value indicates stage drawdown after peak stage.

(Mokhtar et al,, 2026)

Read the paper here

A l ADVANCING
EARTH AND

t“\UU SPACE SCIENCES

About = Membership = Publications = Meetings Data Services Careers = Honors | Science

STRATEGIC RIVER SENSORS COULD HAVE
FOREWARNED OF TEXAS CAMP FLOOD DISASTER

WATER LEVELS UPSTREAM ROSE HOURS BEFORE CAMP MYSTIC’S DEADLY FLOOD
18 December 2025
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Strategic river sensors could have
forewarned of Texas Camp flood
disaster

Water levels upstream rose hours before Camp Mystic's deadly flood




Thank You for Your Time

Ayman Mokhtar Nemnem
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Email: amokhtar@email.sc.edu
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