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Agenda
• Study area - Mecklenburg County, NC
• FEMA’s 2D floodway guidance
• Modeling 2D floodways:

• Rain-on-grid (ROG) approach
• Riverine approach

• Comparing 2D floodway results
• 2D floodway benefits, challenges, and tips



Study Area - Mecklenburg County, NC
• Contains City of Charlotte
• Highest population density in NC 

(2,260 people / sq mi)
• Highly urbanized city center and 

residential suburbs
• Hilly slopes

Presenter Notes
Presentation Notes
Hilly slopes - This will affect what modeling parameters are needed (smaller time step compared to cell size)



Mecklenburg Co. New Mapping Needs
FIS History
• Charlotte-Mecklenburg Stormwater Services (CMSWS) assumes primary 

responsibility of the FIS and FIRMs county-wide
• Effective models last updated in 2014-2016

• 1D HEC-RAS Models
Changes Since 2014
• HEC-RAS 2D capabilities
• 17% population increase in Mecklenburg County
• Growth and development sparked the need for CMSWS to update FEMA 

and community floodplain maps

Presenter Notes
Presentation Notes
Mecklenburg County has changed significantly since the latest effective models were created, sparking a need to update the effective models. The effective models in Mecklenburg County were last updated in 2014-2016, depending on the watershed. Version 5.0 of HEC-RAS was the first version with 2D modeling capabilities. This version came out in February, 2016, so after most of the effective models were updated before HEC-RAS 2D capabilities came out, so all the effective models were done in 1D HEC-RAS.

Mecklenburg County has also changed significantly since the effective models were updated. Mecklenburg County’s population has increased by 17% and with that population increase, came increased development and impervious area, changing the hydrology of the county. The county identified the need to model this new hydrology in 2D HEC-RAS, based on the success of these new 2D capabilities in HEC-RAS.



What is a Floodway (FW)?
Definition 
• The FW is the portion of the floodplain 

that conveys the most water
• Floodplain is encroached so that the 

100-yr WSE does not rise (surcharge) 
more than 1ft

• Encroached boundary is the FW

Purpose
• To prevent building in the FW and to 

prevent a rise in WSE at insurable 
structures

Presenter Notes
Presentation Notes
Broadly, the floodway is the portion of the floodplain that conveys the most water. To develop the floodway, the floodplain is encroached, simulating a building that is constricting flow. The floodplain is encroached the maximum extent possible so that the 100-yr WSE at BFE does not rise more than 1ft typically. Mecklenburg County has more stringent encroachment regulations, where the maximum surcharge they allow is 0.5ft.

Floodways are important so that the areas that see the most conveyance of water are not built upon. If floodways were not regulated, a new building in the floodway would cause adverse downstream impacts and flood homes and businesses that were not required to get flood insurance. An engineer must perform a no-rise analysis and find that the encroachment will not raise the base 100yr WSE



FEMA 2D Floodway Guidance
• Continuous encroachment boundary
• Flows – ROG or riverine
• Tie into effective floodways at 

modeling limits
• Modifying floodway width – use equal 

unit discharge or depth x velocity
• Measure weighted average surcharge 

at evaluation lines
• Surcharge between 0-1ft

Presenter Notes
Presentation Notes
- FEMA’s latest floodway guidance was published in November of 2023, so everything on this slide comes from that latest guidance.
- The floodway width
The floodway width should be set to the same DxV value on each side of the stream. The purpose of encroaching based on equitable consideration is to ensure that like-situated properties are treated equally. This does not mean that that the flood fringe will be an equal width on both sides of the stream.
The floodway modeling methods that I will go over in the following slides follow the FEMA 





Presenter Notes
Presentation Notes
Surcharge averaging method
 - Needed since there is much more variability in cell WSE than 1D cross sections



Surcharge



2D Floodway Base Run
Main Watershed Stream
• Base run – floodplain model with 

100yr ROG precipitation

Tributaries
• Base run – 100yr ROG precipitation 

with high infiltration rate applied to 
other drainage areas

Presenter Notes
Presentation Notes
This presentation is going to focus on the 2D floodway portion of the modeling task. We first created HEC-RAS 2D floodplain models using ROG precipitation. Then we were tasked with modeling the floodways, so we wanted to use our newly created floodplain models as a starting point.

The base run is the same for both approaches that we will cover – riverine and ROG

TRIBUTARIES
We could have altered the precipitation to just rain on the Derita Branch basin. But HEC-RAS will not run if the precipitation does not cover the entire mesh. So we would have had to trim down the modeling extents to just the drainage area.

Instead, we added an artificially high infiltration rate to the modeling extents not being modeled. For example, when we modeled Derita Branch, a crazy high infiltration and low curve number was applied here
This causes rainfall to completely infiltrate in this area, similating as if there was no rainfall here. The little bits of flooding you show up in RAS mapper, but they do not stay on the mesh long enough to produce any flow in the stream.

This method of adding this high infiltration rate prevents tailwater from going up Derita Branch at the confluence, following FEMA’s floodway guidance





2D Floodway Encroached Runs
• Create initial encroachment along 

DxV contour
• Generate Encroachment Polygons 

tool in RASmapper
• May need run without SA/2D 

connections
• Filter and smooth polygon
• Cut SA/2D connections out
• Add encroachment as raised terrain 

modification

Presenter Notes
Presentation Notes
For 2D floodway modeling, a terrain modification is created to simulate the encroachment. The terrain modification is a polygon on the modeling extents that needs to be raised high enough that it can’t be overtopped by the WSE in the stream.

- Cut SA/2D connections out of the encroachment and you will have to remove SA/2D connections that are not located in the raised terrain

Riverine flows – even if you bring in peak flows, the flow may not always match the base ROG run. You’ll need to verify the flows for both riverine and ROG encroached runs at evaluation lines before iterating





Creating Encroachments
Follow DxV Contours                                         Raise Terrain

D x V



Two Different Methodologies
Riverine
• Base run

• 100yr ROG precip OR peak flows 
input at internal BC lines

• Encroached run
• Encroachment
• Peak flows input at internal BC 

lines

ROG
• Base run

• 100yr ROG precip

• Encroached run
• Encroachment
• 100yr ROG precip



Iterate Until Acceptable Surcharge
Tips
• Symbolize surcharge in RASmapper
• Modify encroachment equitably on both 

overbanks
• Don’t make too many changes to the 

encroachment with each iteration
• Work downstream to upstream
• Check flows of encroached run 

frequently
• Encroachments around bridges/culverts 

have the greatest impact on WSE

Presenter Notes
Presentation Notes
- You can save the symbology so every time you iterate, you don’t have to manually input the symbology



Iteration 1     Iteration 2      Iteration 3

Shrink
Encroachment

Expand 
Encroachment

Expand 
Encroachment

SurchargeSurcharge Surcharge



Encroached Run Results
ROG Base                          ROG Encroachment            Riverine Encroachment

Depth Depth Depth

Presenter Notes
Presentation Notes
Riverine – flooding is restricted just to the floodway, because internal BC lines input steady, peak flows into the model. These internal BC lines are placed at all placed at major flow change locations. 
 - Easier mapping





Floodway Comparison - Discharge
ROG Model                                                       Riverine Model

Presenter Notes
Presentation Notes
The impact of the encroachments is shown in the ROG model graph. Even on a small tributary, the flow ends up almost 10% higher at the downstream end in the encroached run compared to the base run.



Floodway Comparison - Stage
ROG Model                                                      Riverine Model

Presenter Notes
Presentation Notes
We were able to get the surcharge, using both methods, to be within the acceptable range (between 0-0.5ft). We do see a huge difference in the stage at station 3800.
This may be attributed to the fact that the riverine model assumes that the peak flow occurs, causing more volume in the model 



Floodway Comparison - Width

Presenter Notes
Presentation Notes
Floodway width is similar at many of the evaluation lines and others vary quite a bit
This doesn’t mean either is right. It is more of an indication that two different attempts at modeling the same floodway will yield different results. You just need to ensure that the encroachment is equitably edited on both overbanks.



ROG vs Riverine Approach
ROG
• Long run times
• Base ROG precipitation
• Unsteady flows over time
• Realistic flows within all cells
• Accurate flow volumes
• Complex mapping

Riverine
• Quick run times
• Determine inflows
• Constant, peak flow over time
• Constant flow between BC lines
• Potentially higher flow volumes
• Simplified mapping

Presenter Notes
Presentation Notes
- Run times – the riverine run times are so quick because it is constant flow hydrograph. The flows very quickly peak in the model, allowing you to shorten the simulation time. Only the riverine area of the model will be flooded, so the model has many less cells to calculate with each timestep.
- Similar number of iterations
- For Mecklenburg County, we ended up choosing the riverine approach for our first batch of modeling because we were not seeing a big difference in the results to warrant the higher run times of the ROG approach



Choose Best Approach for Your 
Project
• FEMA accepts riverine and ROG approaches
• Choose approach based on:

• Riverine or ROG base floodplain model
• Level of detail
• Model size / run times



Thank you
Presenter contact information  |  cameron.king@freese.com
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Next Steps
• Community Encroachment

• Prevent future increases of more than 0.1ft through development
• We will use ROG approach so that we feel confident we are accounting 

for hydrologic changes from the future landuse



1D Floodways
• Encroachment boundaries are 

identified on each cross section
• “Engineering judgement” is used to 

interpolate the floodway boundary 
between cross sections

• Conveyance on both sides is reduced 
by an equal percentage until surcharge 
is achieved

• If this doesn’t work, manually 
encroach floodplain



References
• HEC-RAS 2D Modeling Advantages/Capabilities (army.mil)
• Guidance for Flood Risk Analysis and Mapping (fema.gov)

https://www.hec.usace.army.mil/confluence/rasdocs/r2dum/6.5/introduction/hec-ras-2d-modeling-advantages-capabilities
https://www.fema.gov/sites/default/files/documents/fema_rm-floodway_analysis_and_mapping_nov_2023.pdf
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