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Engineering with Nature – Dept. of Defense

https://erdc-library.erdc.dren.mil/items/626b9db0-
1450-4138-93ed-bf588e7ffc38

EWN is guided by four foundational principles when

supporting military installations:

1. Mission Assurance: Using science and engineering to produce operational 

efficiencies supporting delivery of resilient project benefits and mission.

2. Using Natural Processes: Leveraging natural systems to reduce resource 

demands and minimize landscape impacts.

3. Broadening Benefits: Designing projects to incorporate social, ecological, and 

economic value.

4. Promoting Collaboration: Aligning stakeholders, interests, and partners through 

science-based collaboration to achieve shared goals.

https://erdc-library.erdc.dren.mil/items/626b9db0-1450-4138-93ed-bf588e7ffc38
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Marine Corps Recruit Depot (MCRD) – Parris Island

• The US Marines are the maritime land force service branch of the US Military

• Essential National Security Asset responsible for the recruitment and training of 
approximately 20,000 new Marines each year (out of a total force of approximately 
170,000)

• MCRD PI Mission: We make Marines by recruiting quality young men and 
women and transforming them through the foundations of rigorous basic 
training, our shared legacy, and a commitment to our Core Values,
preparing them to win our Nation’s battles in service to the country.

• MCRD PI trains approximately 20,000 recruits each year through a thirteen-
week Recruit Training period of instruction along with serving as the 
headquarters for the Marine Corps Eastern Recruiting Region, responsible 
for all recruiting efforts east of the Mississippi River.

• The recruit depot encompasses 8,270 acres, approximately 3,262 of which 
are habitable, the remaining ~5,000  acres of wetlands, tidal marsh and 
creeks.
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Orientation to MCRD Parris Island
• Located at the confluence of the Broad River and 

Beaufort River
• 8,270 acres: 3,262 acres are habitable/ ~250 

facilities 20 years or older.
• Series of islands separated by marshes and creeks.

• Boundary perimeter – 21.5 miles
• Effective shoreline perimeter – 51.5 miles

• One causeway that permits ingress and egress 
from the installation.

• Average elevation main side -11ft., WFTBn – 9ft.,
Main Causeway – 8ft.

• Storm water drainage dependent on tides – 
occasional flooding at highest tides.



• Determine the cause of shoreline erosion.

• Design, permit, and construct shoreline 

stabilization using nature-based features.

• Short- and long-term monitoring. 5

Study Motivation – Broad River Shoreline
Broad River Site Pistol Range Stormwater

Pond
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Methods Overview
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In-Situ Sensor Network Deployment

Pressure (RBR) and velocity profilers (ADCP)
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Water Levels and Waves (2024)

Debbie Helene

MSL

Generally,
a low-wave energy 
environment

Data courtesy of Paul Gayes, Coastal Carolina Univ.
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ADCIRC + SWAN

• 1.7M Nodes
• Aquaveo SMS
• OceanMesh 2D

• Resolution down to 20 m
• 1-sec time-step
• Vertical feature integration

• Bilskie et al. (2018) Adv. Water 
Resources

• Gao et al. (2022) Env. Modelling & 
Software

• Advection enabled
• Wetting/Drying enabled

https://github.com/CHLNDDEV/OceanMesh2D
https://github.com/CHLNDDEV/OceanMesh2D
https://www.sciencedirect.com/science/article/pii/S0309170815002274
https://www.sciencedirect.com/science/article/pii/S0309170815002274
https://www.sciencedirect.com/science/article/pii/S0309170815002274
https://www.sciencedirect.com/science/article/pii/S1364815222002055
https://www.sciencedirect.com/science/article/pii/S1364815222002055
https://www.sciencedirect.com/science/article/pii/S1364815222002055
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ADCIRC + SWAN
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ADCIRC + SWAN
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ADCIRC + SWAN
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ADCIRC + SWAN

Bunya et al. (2023). Advances in Engineering Software

https://www.sciencedirect.com/science/article/pii/S0965997823001072
https://www.sciencedirect.com/science/article/pii/S0965997823001072
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SACS JPM Storm Tracks for Study Area
U.S. Army Corps of Engineers (USACE)
South Atlantic Coastal Study (SACS)

1600 Storm Tracks

Reduce the storm suite for the study area & re-weight the 
probability of occurrence based on the storm sub-set.
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ADCIRC+SWAN Results (Preliminary)
1% AEP Peak Water Level Peak Sig. Wave Height



• Mesh Resolution:  5-30 m resolution

• Elevation Data: USGS Coastal National Elevation 
Database (CoNED) + UAV-lidar survey

• Surfbeat mode - waves phase-averaged

• Bed Friction: Manning’s n from USGS NLCD

• Boundary Condition: From ADCIRC+SWAN 
Simulations
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XBeach 2D – Grid & Model Setup
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XBeach 2D – with Project Conditions
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Wave Height Across the Brill - Preliminary
1% AEP Flood Event 0.2% AEP Flood Event

1% AEP Flood Event
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OpenFOAM 3D Simulation – In Progress!
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Broad River Core Prototype Initial Design
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Broad River Core Prototype Initial Design









Protecting Military Readiness through Integrative Numerical 
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Matthew V. Bilskie (mbilskie@uga.edu)

Thank You!

mailto:mbilskie@uga.edu
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Numerical Modeling at Various Scales
XBeach 2DADCIRC+SWAN OpenFOAM 3D
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