[image: image3.jpg]


[image: image4.jpg]




	
	Discrete Element Modeling of Debris, Ice, Barges, and Tows


Description
ERDC personnel with specialized experience in numerical modeling and river hydraulics can provide modeling services to Corps Districts and other partners to simulate the movement, accumulation, and forces generated by debris, ice, barges, and tows. They have 
developed this capability by combining the most advanced discrete element model (DEM) with the most advanced Corps hydraulic simulation model (ADaptive Hydraulic model [ADH]) to produce an integrated set of tools for addressing a wide range of navigation and operational problems at Corps locks and dams and commercial facilities.
Capabilities
The modeling system allows the ERDC team to numerically simulate the motion and interaction of debris, ice, barges, tows, and lock structures using the three-dimensional DEM by resolving the contact and body forces acting on thousands of individual elements at each time step. The DEM is coupled with two- and three-dimensional ADH unsteady flow models, and can be used to simulate the transport of floating debris, ice, and barges in 
riverine and estuarine conditions. Simulation of barges and tows includes realistic cable moorings and connections capable of stretching or failing, depending on force levels. The model can include features such as locks, dams, piers, and riverine training structures. Barges and tows can interact with structures to estimate collision forces.
Supporting Technology
The DEM model system uses a Surface-Water Modeling System (SMS) mesh for building the channel and structures. Channel bed and banks, lock structures, barges, ice, and debris have been integrated into ADH as discrete elements so that ice and debris can interact with barges and structures. The DEM code has been structured for operation in the parallel environment provided by the Corps’ High Performance Computing system (HPC).
Benefits

Via the ERDC team, Corps Districts and others can use the model results in the hydraulic design of locks, dams, and channels; the development of operational plans of locks and hydraulic control structures; the assessment of ice and debris control alternatives at locks and dams; evaluation of ice and debris interaction with tows; estimation of ice, debris, and tow impact forces on structures; and the estimation of mooring forces. This capability will support rapid assessment of alternatives without expensive and time-consuming physical modeling, thereby decreasing engineering costs. The team’s expertise and modeling flexibility enable optimal designs that support increased throughput at navigation structures.

Success Stories
The DEM has simulated debris passage through piers upstream of Monongahela Lock 
and Dam 4, debris accumulation in the bypass channel at Monongahela Lock and Dam 4, and the Harlan Diversion channel using water velocity fields from ADH. The model also has been used to simulate passage of a 3 × 3 tow through a debris-filled channel and ice passage through various bridge pier designs for Buckland River in Buckland, Alaska, 
in a study for the Alaska DOT. The various simulations and reports can be viewed at http://www.crrel.usace.army.mil/sid/hopkins_files/Riverice/river_ice.htm.
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Actual and simulated debris accumulation at Corps Lock and Dam.
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Simulation of interaction between model tow and debris.
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