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“

The good news about computers
is that they do what you tell
them to do. The bad news is
that they do what you tell them
to do.
-Ted Nelson

Presentation Overview
 What is 2D Modeling
 Why 2D Modeling
 Brief Overview of Several 2D Models

What is 2D Modeling

 Approximation of NSE using depth-averaging

 1-D Saint Venant Equation
 Approximation of 2-D SVE using width-averaging

 Backwater curves (i.e., steady flow)
 Approximation of 1-D SVE by ignoring time terms

Increasing Computational ease

 Physical Modeling
 3-D Navier Stokes Equations
 2-D Saint Venant Equations

More limiting assumptions

Different Types of Equations

 Uniform flow (i.e., Manning’s equation)
 All models are simplifications of complex processes!! No model
can represent all processes accurately.

Steady flow 1-D
Unsteady flow 1-D
Sediment transport 1-D (event)
Sediment transport 1-D (long-term)
Steady flow 2-D
Unsteady flow 2-D
Sediment transport 2-D
Unsteady flow 3-D

Seconds
Minutes
Minutes
Hours
Minutes/hours
Hours/days
Hours/days
Days/weeks

Increasing Cost

What is 2D Modeling

* 2D model costs can be similar to 1D depending on complexity

What is 2D Modeling

2D Model Equations – Basic Variables
H is the water surface
elevation relative to a
fixed datum (ft)
• u is the depth- averaged
velocity in the x
direction (ft/s)
• v is the depth- averaged
velocity in the y
direction (ft/s)
• h is time varying water
depth = H - z
•

h
H



Three main independent variables:
• x - Horizontal distance in the x direction (ft)
• y - Horizontal distance in the y direction (ft)
• t - Time (s)

Conservation of Mass

•

•

∂H ∂(hu) ∂(hv)
+
+
= Sources - Sinks
∂x
∂y
∂t

∂H
∂t

is the rate of increase (or decrease) in water level, which for a fixed
cell size is representative of the rate of change of volume of water
contained in the cell
∂ (hu )
∂x

∂ ( h v)

+

∂y

is the spatial variation in inflow (or outflow) across the cell

in the x and y directions

•
•

Sources = Rainfall, Stormwater Outlets, or Pump Outlets
Sinks = Pump Intakes, Infiltration, or Evaporation

Conservation of Momentum
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2D Model Equation Options
 Full “Dynamic” Shallow Wave (FSW) Equation
 Diffusion Wave (DW) Equation
 Bottom Friction = Pressure Gradient
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2D Diffusion Wave Approximation
 Water surface slope is balanced by friction slope
 Includes backwater
 No flow separation and eddies (typical of flow
expansion) or main channel/overbank momentum
transfer
 Applicable to gradually varied flow on moderate
to steep terrain slope
 Not for dam-breach modeling or fast-rising
hydrographs

Types of Solvers
 Implicit
 Computationally expensive
 Uses previous time step results and adjacent unknown values
 Does not need to follow Courant Criteria for stability
 Can have larger time steps
 Constraint of time step is accuracy

Types of Solvers
 Explicit
 Computationally efficient
 Particle of water can’t travel more than 1 cell in a single time step
 Computes results based on previous time step
 Courant Criteria or instabilities

Types of Solvers
 ADI
 Commonly used in gridded finite difference models
 Solves mass and x momentum implicitly
 Solves y momentum explicitly
 Performs in reverse on next time step

Why 2D Modeling

1D /2D Differences
Property or Factor

1D Modeling

2D Modeling

Flow Direction

Precsribed (streamwise)

Computed

Tranverse Velocity and Momentum

Neglected

Computed

Vertical Velocity and Momentum

Neglected

Neglected

Velocity Averaged Over…

Cross-Sectional Area

Depth at a Point

Transverse Velocity Distribution

Assumed Porportioanal
to Conveyance

Computed

Tranvese Variations in Water Surface

Neglected

Computed

Vertical Variations

Neglected

Neglected

From “Colorado Floodplain and Stormwater Criteria Manual”. 2008.
Colorado Department of Natural Resources

Why 2D Modeling
 Is my flow moving along a single, definable flowpath?
 Is it difficult to predict or define flowpaths?
 What process are important?
 Peak Flow
 Storage Attenuation
 Friction Forces
 Inertial and viscous Forces
 Coriolis effects

Why 2D Modeling
 What is the size, length, and complexity of the
model
 Is it 1 mile, 10 miles, or more?
 What is the accuracy of the terrain data
 What is the accuracy of the hydrology

Why 2D Modeling
 Used for planning or real time modeling/mapping
 Events (dam break, rainfall runoff, steady flow)
 Duration of event (hours, days, weeks, months,
years)
 Unique aspects (tidally influenced, wind impacts,
debris, hydraulic structures)

Why 2D Modeling
 Required outputs
 Time/Money to get it done
 Experience of the modeler with 1D/2D

1D/2D Selection
 FHWA
 Hydraulic Design of
Safe Bridges (HDS-7)
 When to use 1D or 2D

When to use a 2D model

1D/2D Selection

When modeling an area behind a leveed system, and the levee will be overtopped and/or breached, the water can go in many
directions. However, if the protected area is small or will fill to a level pool, then a 1D model bay be fine
Bays and estuaries in which the flow will continuously go into multiple directions due to tidal fluctuations and river flows coming
into the bay/estuary at multiple locations.
Highly braided stream

 HEC-RAS 2D Manual

Alluvial fans – however, this is very debatable that any numerical model can capture a flood event accurately on an alluvial fan,
due to the episodic nature of flow evolutions that can change the whole direction of the channels during an event.
Flow around abrupt bends in which a significant amount of super elevation will occur.
Very wide and flat floodplain, such that when the flows goes out into the overbank area, the water will take multiple flow paths
and have varying water surface elevations
Applications where it is very important to obtain detailed velocities for the hydraulics of flow around an object, such as a bridge
abutment or bridge piers, etc..
When to use a 1D model
Rivers and floodplains in which the dominant flow directions and forces follow the general river flow path. This covers a lot of
river systems in my opinion, but it is obviously debatable as to the significance that lateral and vertical velocities and forces
impact the computed water surface elevations and the resulting flood inundation boundary.
Steep streams that are highly gravity driven and have small overbank areas.
River systems that contain a log of bridges/culvert crossings, weirs, dams, gates levees, pump stations, etc.. and these
structures impact the computed stages and flows within the river system.
Medium to large river systems, where we are modeling a large portion of the system (100 or more miles), and it is necessary to
run longer time period forecasts, (i.e., 2 week to 6 month forecasts).
Areas in which the basic data does not support the potential gain of using a 2D model. If you do not have detailed overbank and
channel bathymetry, or you only have detailed cross-sections at representative distances apart, many of the benefits of the 2D
model will not be realized due to the poor accuracy of the terrain data.

Features

Advantages

Disadvantages

1D models

1D/2D Selection
 Australian Rainfall
Runoff Project 15 2D
Modeling (Engineers
Australia)

Series of linked channels with
discrete cross-sections

Requires cross-sections to be input to a
Relatively fast to run (run time typically
model, extracted either from field survey
< 1 hours)
or DEM

Output at each cross-section can
include water level, depth, and
velocity

Can be time consuming to build, but
relatively quick to modify

Can be time consuming to build, but
relatively quick to modify

Result files are relatively small

Requires more interpolation and
interpretation of results

2D models
Detailed grid or mesh-based
topography with element resolutions
for an urban environment typically
ranging from 1m to 10m. For more
extensive floodplain environments,
element resolution can typically
range from 10m to 100m.
Output at each grid/mesh element
can include water level, depth and
velocity

Inputs and outputs defined spatially in
Requires detailed grid/mesh to be
GIS type environments, results in better
interpolated from aerial and/or field
data continuity and more readily
survey based DEM (plus roughness
accessible and understandable results
mapping over catchment)
for community/client

Can model complex flowpaths

Can be time consuming to build,
modifications often not as easy as for
1D

Floodplain storage is implicitly defined

Relatively slow to run (run times
typically range from hours to days)

Less interpolation of results required
and more readily linked to GIS

Can in some cases instill
overconfidence in the result that may
not be justified if the underlying data are
inadequate

Modeler is not required to identify
flowpaths in advance

Result files are relatively large (up to
GB per simulation)

Advantages/Disadvantages
2D better Results

1D Better Results

 Behind levee systems
 Bays and estuaries
 Braided streams
 Alluvial fans
 Abrupt bends
 Wide floodplains
 Applications where velocities
are important (bridges)

 Rivers which dominant flow in
one direction
 Steep stream highly gravity
driven
 Large models (over 100 miles)
 No detailed data

Accuracy
1-D = Less Accurate
2-D = More Accurate
 Accuracy is a product of sound
engineering judgment and
proper application of any
model
 Complexity does not equal the
best answer for your project!

Why 2D Modeling

Why 2D Modeling

Why 2D Modeling

Overview of 2D Models

Model

Discrectization
(FD, FE, FV)

Numerical
Solution
Scheme

Notes

Proprietary

AdH

FV

Various

Adaptive Mesh

No

FLO-2D

FD

Explicit

Hydrology

Yes
No

HEC-RAS

FV

Implicit

Captures cell-face
topography

Mike Flood

FV and FD

Implicit

GPU Solver

Yes

RiverFlow2D

FE and FV

Explicit

GPU Solver

Yes

RMA2

FE

Implicit

Replaced by Adh

No

SRH-2D

FV

Implicit

Sediment Transport

No

TUFLOW

FV and FD

Implicit

Hydrology for the FD
GPU Solver

Yes

Overview of 2D Models
 Finite Difference – FLO-2D, TUFLOW, MIKE

Overview of 2D Models
 Finite Volume – HEC-RAS

2D Grid Terrain Interpolation

2D RAS HYDRAULIC PROPERTY TABLES
Cell faces are
converted to
cross sections
and hydraulic
property tables
This level of
detail provides
better accuracy
for the same grid
size or allows the
use of coarser
grids for the
same level of
accuracy

Overview of 2D Models
 Finite Volume – Mike, SRH-2D, RiverFlow2D, TUFLOW FV

Overview of 2D Models
 Finite Volume - ADH

Advantages/Disadvantages
Capability/Info

ADH

FLO-2D

HEC-RAS

Mike
Flood

RiverFlow2D

SRH-2D

TUFLOW

TUFLOW FV

InfoWorks

Supercritical and
Subcritical Flow

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Technical Support
Multiple Processors

X

X

X

GPU
1D/2D Option

X

X

X

Dam Breach

X

X

X

X

X

X

Approved by FEMA

X

Public Domain

X

Sediment Transport

X

Water Quality

X

X

X

X

X

X
X

X

X

X

X

X
X

Storm Drains

X

X
X

Hydrology/Losses

X

X
X

X

X

X

X

X

X

X

X
X
X

2D Model Validation
 UK Benchmark Tests
 User’s Manuals
 FEMA
 Agencies

UK Benchmark Tests

2D Model Validation
 FCDMC and FLO-2D
 Tested every feature
 Every new version of FLO2D goes through the tests

Questions
How to Review a 2D Hydraulic Model and
What to Submit to FEMA Workshop
Cameron.Jenkins@atkinsglobal.com

