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A few comments on modeling free surface flowsé 

 

 With faster computers and higher resolution digital terrain models, flood routing models are 

becoming very detailed.  When adding detail to a two-dimensional flood routing model, a number of 

factors should be considered including flood hydrology accuracy, topographic model resolution, spacing of 

the channel cross sections, and limited calibration data.  As flood models become more detailed, the user 

should try to find a balance between model resolution, computer resources and budget.   

 

 Reliable flood hazard delineation requires a critical review of model applicability, modeling 

assumptions, and the available data bases.  While finite difference models have become more versatile with 

increasing computer resources, inadequate hydrographic data bases still limit the accuracy of flood hazard 

delineation.  Digital terrain models are becoming the foundation of high resolution mapping, but post-flood 

event surveys of high water marks and aerial photography of the area of inundation are either unavailable 

or perhaps were collected long after the flood waters have receded.  Correlating the area of inundation with 

flood peak discharge can lead to the harsh realization that our best discharge measurements or gaging data 

have limited accuracy at high flows.  Our modeling and mapping results may be only as good as the model 

calibration to post-flood data. 

 

 As flood inundation mapping advances with hydrograph routing, extensive topographic data bases, 

high resolution graphics, and unconfined hydraulic modeling, it may appear that flood modeling 

complexity is becoming overwhelming.  Please take heart in the comments of Cunge et al. (1980):  

 ñThe modeler must resist the temptation to go back to one-dimensional schematization 

because of lack of data otherwise necessary for an accurate two-dimensional model 

calibration.  If the flow pattern is truly two-dimensional, a one-dimensional schematization 

will be useless as a predictive tool...ò  ñIt is better to have a two-dimensional model partially 

calibrated in such situations than a one-dimensional one which is unable to predict 

unobserved events.  Indeed, the latter is of very little use while the former is an 

approximation which may always be improved by complimentary survey.ò4 

 

 As a final word, please remember that all software programs has an occasional glitch.  Modeling 

bugs are inherent part of the process of adding new routines and attempting to make the model run faster.  

Even when a model engine is fine tuned, adding components may introduce conflicts with older 

subroutines or perhaps may uncover bugs that were previously undetected.  FLO-2D is no exception.  

Version 2007 will run faster than previous models and when comparing results with previous versions, you 

may note some minor differences associated with the larger computational timesteps.  Generally, the 

Version 2007 FLO-2D results should be more accurate, but we will immediately address all questions 

concerns over model application, accuracy or problems.  On occasion there is a project application that 

pushes the model to new limits.  Such projects can lead to new developments that benefit all users.  The 

modeler is encouraged to share interesting projects with us.  We aspire to make the FLO-2D model a 

comprehensive and flexible tool.    
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BRIEF OVERVIEW  
 

FLO-2D is a volume conservation flood routing model.  It is a valuable tool for delineating flood 

hazards, regulating floodplain zoning or designing flood mitigation.  The model will simulate river 

overbank flows, but it can also be used on unconventional flooding problems such as unconfined flows 

over complex alluvial fan topography and roughness, split channel flows, mud/debris flows and urban 

flooding.  FLO-2D is on FEMAôs list of approved hydraulic models for both riverine and unconfined 

alluvial fan flood studies.   

 

The FLO-2D software package includes a grid developer system (GDS), a Mapper program that 

automates flood hazard delineation, and the FREQPLOT program to analyze flood frequency. The GDS 

will fi lter DTM points, interpolate the DTM data and assign elevations to grid elements.  The MAPPER 

program automates flood hazard delineation.  MAPPER will generate very detailed flood inundation color 

contour maps and shape files.  It will also replay flood animations and generate flood damage and risk 

maps.  A graphical user interface (GUI) has been developed to assist the user in preparing and editing the 

data files.   

 

 The FLO-2D Reference Manual is devoted to a model description, theory and components.  The 

user is encouraged to read this manual to become familiar with the overall model attributes and equations.  

The Data Input Manual is subdivided into a series of data files with variable descriptions and comments.  

The user should consult this manual when constructing data files.  Separate manuals are devoted to the 

application of the GDS and Mapper.   

 

The user can keep current on FLO-2D model and processor updates, training and other modeling 

news at the website: www.flo-2d.com.  

 

FLO-2D Software, Inc. 

P.O. Box 66 

Nutrioso, AZ 85932 

 

Phone and FAX: (928) 339-1935 
Email:  contactus@flo-2d.com 

http://www.flo-2d.com/
mailto:contactus@flo-2d.com
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Two Dimensional Flood Routing Model 

 
I.   INTRODUCTION  

 This Reference Manual discusses the physical processes of flooding.  It is designed to acquaint the 

user with the model theory, finite difference algorithms, model components, modeling assumptions and 

limitations, and potential flood scenarios.  A reference list is provided for further reading.   

 

1.1 Evolution of the FLO-2D Model 

The first version of the FLO-2D model was called MUDFLOW.  It was initiated in 1988 to 

conduct a Federal Emergency Management Agency (FEMA) flood insurance study (FIS) of an urbanized 

alluvial fan in Colorado.  FEMA had requested the investigation of flood routing models that might be 

suitable for simulating mudflows.  The Diffusive Hydrodynamic Model (DHM) created by Hromadka and 

Yen (1987) distributed by the USGS was considered to be a simple finite difference model that might 

serve as a template to develop a more sophisticated hydraulic model for mudflows.  The selection of the 

DHM model as a template for the MUDFLOW model was based on its availability in the public domain, 

its simple numerical approach and a finite difference scheme that permitted modification of the grid 

element attributes.  

 

The original MUDFLOW model was only a few hundred lines of Fortran code and was limited to 

250 grid elements.  A six hour hydrograph took over 12 hours to run on an XT computer.  After 21 years 

of development, the program code has grown to be in excess of 40,000 lines of code, 60 subroutines and a 

number of processor programs.  Vi rtually none of the original simplistic DHM concept remains in the 

current FLO-2D model.  FLO-2D computes overland flow in 8-directions, reports on mass conservation, 

utilizes a variable timestep incrementing and decrementing scheme, incorporates efficient numerical 

stability criteria, has unlimited array allocation (unlimited grid elements), includes graphical editing, and 

has output display processor programs.   

 

FLO-2D is a physical process model that routes rainfall-runoff and flood hydrographs over 

unconfined flow surfaces or in channels using the dynamic wave approximation to the momentum 

equation.  It has a number of components to simulate street flow, buildings and obstructions, sediment 

transport, spatially variable rainfall and infiltration, floodways and many other flooding details.  Predicted 

flow depth and velocity between the grid elements represent average hydraulic flow conditions computed 

for a small timestep (on the order of seconds).  Typical applications have grid elements that range from 25 

ft to 500 ft on a side and the number of grid elements is unlimited. 
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1.2 Modeling the Hydrologic System with FLO-2D 

The FLO-2D system consists of processor programs to facilitate graphical editing and mapping 

and components that simulation channel and floodplain detail.  The Grid Developer System (GDS) 

generates a grid system that represents the topography as a series of small tiles.  The FLO-2D model has 

components for rainfall, channel flow, overland flow, street flow, infiltration, levees and other physical 

features.  The GDS and the FLOENVIR processor programs are used to spatially edit the grid system 

attributes.  The PROFILES program edits channel slope and cross section shape.  Flood routing results can 

be viewed graphically in the MAXPLOT, MAPPER and HYDROG (plot hydrograph) programs.   

 

FLO-2D is an effective tool for delineating flood hazards or designing flood mitigation.  The 

model utility is discovered through its application to diverse flooding problems.  Starting with a basic 

overland flood scenario, details can added to the simulation by turning on or off switches for the various 

components shown in Figure 1.  Multiple flood hydrographs can be introduced to the system either as a 

floodplain or channel inflow.  As the floodwave moves over the floodplain or down channels or streets, 

flow over adverse slopes, floodwave attenuation, ponding and backwater effects can be simulated.  In 

urban areas, buildings and flow obstructions can be simulated to account for the loss of storage and 

redirection of the flow path.  The levee component can be used to test mitigation alternatives. 

 

Channel flow is one-dimensional with the channel geometry represented by either by natural, 

rectangular or trapezoidal cross sections.  Street flow is modeled as a rectangular channel.  Overland flow 

is modeled two-dimensionally as either sheet flow or flow in multiple channels (rills and gullies).  Channel 

overbank flow is computed when the channel capacity is exceeded.  An interface routine calculates the 

channel to floodplain flow exchange including return flow to the channel.  Similarly, the interface routine 

also calculates flow exchange between the streets and overland areas within a grid element (Figure 2).  

Once the flow overtops the channel, it will disperse to other overland grid elements based on topography, 

roughness and obstructions.  For flood projects with specific requirements, there are several unique 

components such as mud and debris flow routing, sediment transport, a floodway option, open water 

surface evaporation and others.   

 

The user is encouraged to apply these components while understanding the contribution of each 

component to the overall flood distribution.  It is important to assess the level of detail required on a given 

project.  FLO-2D users have a tendency to put more detail into their models than is necessary for a large 

flood event.  Preparation of channel flow, street flow, buildings and flow obstructions data files can be 

time consuming and should be tailored to meet the project needs. The desired accuracy of predicted water 

surface elevations should be consistent with the resolution of the mapping, survey and hydrologic data 

bases.  Simulating large floods requires less detail than shallow flood or mitigation design models.  Grid 

element sizes ranging from 25 ft (8 m) to 500 ft (150 m) is practically for most flood inundation projects.   
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Figure 1.  Physical Processes Simulated by FLO-2D
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Figure 2.  Channel ï Floodplain Interface
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1.3 Getting Started on a Project ï A Brief Overview 

There are two important steps to starting a flood simulation, obtaining the topographic data base 

and developing the flood hydrology.  For the first step, a digital terrain model (DTM) has to be overlaid 

with a grid system.  The Grid Developer System (GDS) processor program will overlay the grid system on 

a DTM data base and assign elevations to the grid elements.  Aerial photography, detailed topographic 

maps, orthographic photos and digitized mapping can be used to locate important features with respect to 

the grid system such as streets, buildings, bridges, culverts or other flood conveyance or containment 

structures.  Figure 3 is a flow chart that outlines how the various components interface with each other.   

 

Each flood simulation requires either an inflow flood hydrograph or a rain storm.  The discharge 

inflow points might include the alluvial fan apex or a known discharge location in a river system. FLO-2D 

can be used to generate the flood hydrograph at a specific location by modeling the rainfall-runoff in the 

upstream watershed.  Another approach is to use an external hydrologic model to generate an inflow 

hydrograph for the FLO-2D model.  Rainfall can also be simulated on the water surface as the flood 

progresses over the grid system. The model inflow flood volume is the primary factor that determines an 

area of flood inundation.  For that reason, it is suggested that an appropriate effort be spent on the 

hydrology analysis to support the accuracy of the flood routing simulation.  

 

 Results from a FLO-2D flood simulation may include:  outflow hydrographs from the grid system; 

hydrographs and flow hydraulics for each channel element; flood hydrographs and hydraulics for 

designated floodplain cross sections; maximum flow depths and velocities for all grid elements; changes in 

bed elevation; and a summary of the inflow, outflow, storage and volume losses in the system.  The user 

can specify the temporal and spatial output detail including the outflow hydrograph locations, the output 

time intervals and the graphical display of the flood progression over the grid system.  Starting with the 

preliminary FLO-2D runs, the user should test the output options to determine required level of output 

detail. 
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Figure 3.  FLO-2D Flow Chart 
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II.   FLO -2D MODEL THEORY  

 

FLO-2D is a simple volume conservation model.  It moves the flood volume around on a series of 

tiles for overland flow or through stream segments for channel routing.  Floodwave progression over the 

flow domain is controlled by topography and resistance to flow.  Flood routing in two dimensions is 

accomplished through a numerical integration of the equations of motion and the conservation of fluid 

volume for either a water flood or a hyperconcentrated sediment flow.  A presentation of the governing 

equations is followed by a discussion on mud and debris flow modeling.     

 

2.1 Governing Equations 

The general constitutive fluid equations include the continuity equation, and the equation of 

motion (dynamic wave momentum equation): 

where h is the flow depth and V is the depth-averaged velocity in one of the eight flow directions x.  The 

excess rainfall intensity (i) may be nonzero on the flow surface.  The friction slope component Sf is based 

on Manningôs equation.  The other terms include the bed slope So, pressure gradient and convective and 

local acceleration terms.  This equation represents the one-dimensional depth averaged channel flow.  For 

the floodplain, while FLO-2D is multi-direction flow model, the equations of motion in FLO-2D are 

applied by computing the average flow velocity across a grid element boundary one direction at time.  

There are eight potential flow directions, the four compass directions (north, east, south and west) and the 

four diagonal directions (northeast, southeast, southwest and northwest).  Each velocity computation is 

essentially one-dimensional in nature and is solved independently of the other seven directions.  The 

stability of this explicit numerical scheme is based on strict criteria to control the size of the variable 

computational timestep.  The equations representing hyperconcentrated sediment flow are discussed later 

in the manual.    
 

 The relative magnitude of the acceleration components to the bed slope and pressure terms is 

important.  Henderson (1966) computed the relative magnitude of momentum equation terms for a 

moderately steep alluvial channel and a fast rising hydrograph as follows: 
 

             Bed  Pressure        Convective     Local 

            Slope        Gradient        Acceleration           Acceleration 

                                               

Momentum Equation Term:  So    Öh/Öx   VÖV/gÖx      ÖV/gÖt 

 

Magnitude (ft/mi)   26     0.5  0.12 - 0.25         0.05  

 

This illustrates that the application of the kinematic wave (So = Sf) on moderately steep slopes with 

relatively steady, uniform flow is sufficient to model floodwave progression and the contribution of the 

pressure gradient and the acceleration terms can be neglected.  The addition of the pressure gradient term 

to create the diffusive wave equation will enhance overland flow simulation with complex topography.  

The diffusive wave equation with the pressure gradient is required for floodwave attenuation and change in 
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storage on the floodplain.  The local and convective acceleration terms are important to the flood routing 

for flat or adverse slopes or very steep slopes or unsteady flow conditions.  Only the full dynamic wave 

equation is applied in FLO-2D model.   
 

2.2 Solution Algorithm  - How the Model Works 

The differential form of the continuity and momentum equations in the FLO-2D model is solved 

with a central, finite difference numerical scheme.  This explicit algorithm solves the momentum equation 

for the flow velocity across the grid element boundary one element at a time.  The solution of the 

differential form of the momentum equation results from a discrete representation of the equation when 

applied at a single point. Explicit schemes are simple to formulate but usually are limited to small 

timesteps by strict numerical stability criteria. Finite difference schemes can require lengthy computer runs 

to simulate steep rising or very slow rising floodwaves, channels with highly variable cross sections, abrupt 

changes in slope, split flow and ponded flow areas.    
  

 The solution domain in the FLO-2D model is discretized into uniform, square grid elements.  The 

computational procedure for overland flow involves calculating the discharge across each of the 

boundaries in the eight potential flow directions (Figure 4) and begins with a linear estimate of the flow 

depth at the grid element boundary.  The estimated boundary flow depth is an average of the flow depths in 

the two grid elements that will be sharing discharge in one of the eight directions.  Non-linear estimates of 

the boundary depth were attempted in previous versions of the model, but they did not significantly 

improve the results.  Other hydraulic parameters are also averaged between the two grid elements to 

compute the flow velocity including flow resistance (Manningôs n-value), flow area, slope, water surface 

elevation and wetted perimeter.  The flow velocity (dependent variable) across the boundary is computed 

from the solution of the momentum equation (discussed below).  Using the average flow area between two 

elements, the discharge for each timestep is determined by multiplying the velocity times flow area.   

 

 The full dynamic wave equation is a second order, non-linear, partial differential equation.  To 

solve the equation for the flow velocity at a grid element boundary, initially the flow velocity is calculated 

with the diffusive wave equation using the average water surface slope (bed slope plus pressure head 

gradient).  This velocity is then used as a first estimate (or a seed) in the second order Newton-Raphson 

tangent method to determine the roots of the full dynamic wave equation (James, et. al., 1977).    

Manningôs equation is applied to compute the friction slope.  If the Newton-Raphson solution fails to 

converge after 3 iterations, the algorithm defaults to the diffusive wave solution.   

     

 In the full dynamic wave momentum equation, the local acceleration term is the difference in the 

velocity for the given flow direction over the previous timestep.  The convective acceleration term is 

evaluated as the difference in the flow velocity across the grid element from the previous timestep.  For 

example, the local acceleration term (1/g*ÖV/Öt) for grid element 251 in the east (2) direction converts to: 

æ(Vt ï V t-1)251 ù(g * æt) 
 

where Vt is the velocity in the east direction for grid element 251 at time t, Vt-1 is the velocity at the 

previous timestep (t-1) in the east direction, æt is the timestep in seconds, and g is the acceleration due to 

gravity.   A similar construct for the convective acceleration term (Vx/g*ÖV/Öx) can be made where V2 is 

the velocity in the east direction and V4 is the velocity in the west direction for grid element 251:   

V2 * æ(V2 ï V4)251 ù(g * æx) 
 

 The discharge across the grid element boundary is computed by multiplying the velocity times the 

cross sectional flow area.  After the discharge is computed for all eight directions, the net change in 

discharge (sum of the discharge in the eight flow directions) in or out of the grid element is multiplied by 
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the timestep to determine the net change in the grid element water volume (see Figure 4).  This net change 

in volume is then divided by the available surface area (Asurf  = storage area) on the grid element to obtain 

the increase or decrease in flow depth æh for the timestep.  The channel routing integration is performed 

essentially the same way except that the flow depth is a function of the channel cross section geometry and 

there are usually only one upstream and one downstream channel grid element for sharing discharge.   

 

surf
nwswsenewsen

1+i

x
A Q + Q + Q + Q + Q + Q + Q + Q=Q        =ä  æh/æt 

where:  Qx = discharge across one boundary 

 Asurf  =  surface area of one grid element 

 æh/æt = change in flow depth in a grid element during one timestep 

 

 To summarize, the solution algorithm incorporates the following steps:   

1. The average flow geometry, roughness and slope between two grid elements are computed. 

2.  The flow depth dx for computing the velocity across a grid boundary for the next timestep (i+1) is 

estimated from the previous timestep i using a linear estimate (the average depth between two 

elements). 

d  +  d  =  d
i
x

i
x

1+i
x 1+  

3. The first estimate of the velocity is computed using the diffusive wave equation. The only unknown 

variable in the diffusive wave equation is the velocity for overland, channel or street flow.   

4. The predicted diffusive wave velocity for the current timestep is used as a seed in the Newton-

Raphson solution to solve the full dynamic wave equation for the solution velocity.  It should be noted 

that for hyperconcentrated sediment flows such as mud and debris flows, the velocity calculations 

include the additional viscous and yield stress terms.  

5. The discharge Q across the boundary is computed by multiplying the velocity by the cross sectional 

flow area.  For overland flow, the flow width is adjusted by the width reduction factors (WRFs). 

6. The incremental discharge for the timestep across the eight boundaries (or upstream and downstream 

channel elements) are summed,  

and the change in volume (net discharge x timestep) is distributed over the available storage area 

within the grid or channel element to determine an incremental increase in the flow depth. 

where ȹQx is the net change in discharge in the eight floodplain directions for the grid element for the 

timestep ȹt between time i and i + 1. 

7. The numerical stability criteria is then checked for the new grid element flow depth.  If any of the 

stability criteria are exceeded, the simulation time is reset to the previous simulation time, the timestep 

increment is reduced, all the previous timestep computations are discarded and the velocity 

computations begin again.   

8. The simulation progresses with increasing timesteps until the stability criteria are exceeded. 

 Q + Q + Q + Q + Q + Q + Q + Q=Q        
nwswsenewsen

1+i

x
D  

surf
+1i

x

+1i
x /A tQ  =  d DDD  
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 In this computation sequence, the grid system inflow discharge and rainfall is computed first, then 

the channel flow is computed.  Next, if streets are being simulated, the street discharge is computed and 

finally, overland flow in 8-directions is determined (Figure 5).  After all the flow routing for these 

components has been completed, the numerical stability criteria are tested for every floodplain grid, 

channel or street element.  If stability criteria of any element is exceeded, the timestep is reduced by 

various functions depending on the previous history of stability success and the computation sequence is 

restarted.  If all the numerical stability criteria are successfully met, the timestep is increased for the next 

grid system computational sweep.  During a sweep of the grid system for a timestep, discharge flux is 

added to the inflow elements, flow velocity and discharge between grid elements are computed and the 

change in storage volume in each grid element for both water and sediment are determined.  All the inflow 

volume, outflow volume, change in storage or loss from the grid system area are summed at the end of 

each time step and the volume conservation is computed.  Results are written to the output files or to the 

screen at user specified output time intervals. 

 

 The FLO-2D flood routing scheme proceeds on the basis that the timestep is sufficiently small to 

insure numerical stability (i.e. no numerical surging).  The key to efficient finite difference flood routing is 

that numerical stability criteria limits the timestep to avoid surging and yet allows large enough timesteps 

to complete the simulation in a reasonable time.  FLO-2D has a variable timestep that varies depending on 

whether the numerical stability criteria are not exceeded or not. The numerical stability criteria are checked 

for the every grid element on every timestep to ensure that the solution is stable.  If the numerical stability 

criteria are exceeded, the timestep is decreased and all the previous hydraulic computations for that 

timestep are discarded. Most explicit schemes are subject to the Courant-Friedrich-Lewy (CFL) condition 

for numerical stability (Jin and Fread, 1997). The CFL condition relates the floodwave celerity to the 

model time and spatial increments.  The physical interpretation of the CFL condition is that a particle of 

fluid should not travel more than one spatial increment ȹx in one timestep ȹt (Fletcher,1990).  FLO-2D 

uses the CFL condition for the floodplain, channel and street routing.  The timestep ȹt is limited by: 

 ȹt = C ȹx / (ɓV + c)      

where: 

 C is the Courant number (C Ò 1.0) 

ȹx is the square grid element width 

V is the computed average cross section velocity 

ɓ is a coefficient (5/3 for a wide channel) 

c is the computed wave celerity 

While the coefficient C can vary from 0.3 to 1.0 depending on the type of explicit routing algorithm, a 

value of 1.0 is employed in the FLO-2D model to allow the model to have the largest timestep.  When C is 

set to 1.0, artificial or numerical diffusivity is theoretically zero for a linear convective equation (Fletcher, 

1990).   

 

 For nonlinear equations, it is not possible to completely avoid the artificial diffusivity or numerical 

dispersion by setting C equal to 1.0 (Fletcher, 1990).  For full dynamic wave routing, another set of the 

numerical stability criteria is applied that was developed by Ponce and Theurer (1982).  This criteria is a 

function of bed slope, specific discharge and grid element size.  It is expressed as: 

 ȹt   <    ɕ So ȹx
2
 / qo      

where qo is the unit discharge, So is the bed slope and ɕ is an empirical coefficient.  The coefficient ɕ was 

created as a variable unique to the grid element and is adjusted by the model during runtime within a 

minimum and maximum range set by the user.  Similar to the CFS criteria, when this numerical stability is 

exceeded, the hydraulic computations for that timestep are dumped and the timestep is decreased.   
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 Before the CFL and the full dynamic wave equation numerical stability criteria are evaluated 

during a FLO-2D simulation, the percent change in depth from the previous timestep for a given grid 

element is checked.  This percent change in depth is used to preclude the need for any additional numerical 

stability analysis.  If the percent change in depth is greater than that specified by the user, the timestep is 

decreased and all the hydraulic computations for that timestep are voided.   

 

Timesteps generally range from 0.1 second to 30 seconds.  The model starts with the a minimum 

timestep equal to 1 second and increases it until one of the three numerical stability condition is exceeded, 

then the timestep is decreased.  If the stability criteria continue to be exceeded, the timestep is decreased 

until a minimum timestep is reached.  If the minimum timestep is not small enough to conserve volume or 

maintain numerical stability, then the minimum timestep can be reduced, the numerical stability 

coefficients can be adjusted or the input data can be modified.  The timesteps are a function of the 

discharge flux for a given grid element and its size.  Small grid elements with a steep rising hydrograph 

and large peak discharge require small timesteps.  Accuracy is not compromised if small timesteps are 

used, but the computational time can be long if the grid system is large.   

 
2.3 The Importance of Volume Conservation 

 A review of a model flood simulation results begins with volume conservation.  Volume 

conservation is an indication numerical stability and accuracy.  The inflow volume, outflow volume, 

change in storage and infiltration and evaporation losses from the grid system are summed at the end of 

each time step.  The difference between the total inflow volume and the outflow volume plus the storage 

and losses is a measure of the volume conservation.  Volume conservation results are written to the output 

files or to the screen at user specified output time intervals.  Data errors, numerical instability, or poorly 

integrated components may cause a loss of volume conservation.  Any simulation not conserving volume 

should be revised.  It should be noted that volume conservation in any flood simulation is not exact.  While 

some numerical error is introduced by rounding numbers, approximations or interpolations (such as with 

rating tables), volume should be conserved within a fraction of a percent of the inflow volume.  The user 

must decide on an acceptable level of error in the volume conservation.  Most simulations are accurate for 

volume conservation within a few millionths of a percent.  Generally, volume conservation within 0.001 

percent or less can be considerate as a successful flood simulation. 
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Figure 4.  Discharge Flux across Grid Element Boundaries




































































































