
PROVIDING BETTER INFORMATION: 
 

THE TWO DIMENSIONAL  
HYDRAULIC MODELING ERA 

Presenter
Presentation Notes
Hi All – I’m here to talk about the future.  More specifically the future of Hydraulic Modeling with respect riverine environments, and how it impacts Montana’s floodplain community.I’m guessing there are several different groups in the audience with regards to your familiarity with 2-Dimensional Hydraulic Modeling; some of you have likely used 2 Dimensional Hydraulics Models to varying degrees, some of you may have been involved in the review of a 2-D Model, some of you may have only heard about 2D models, and many of you have you may not know what I mean when I say 2-Dimensional Hydraulic Model.



OVERVIEW 
The Difference between 1-D and 2-D Modeling 

Why 2-D Modeling is Increasing in Use 

How The Hydraulic Engineering Community is Progressing 
• Case Study – Shell Creek, Nebraska 

How 2-D Modeling Can Help the Floodplain Community 

An Example Submittal and Challenges 
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Presentation Notes
Let me go through a quick overview on what I am going to cover;First I will discuss the differences between 1-Dimensional Modeling and 2-Dimensional ModelingThen I will talk about why 2-D Hydraulic Modeling has been gaining such steam recently.Next I will talk about how the Hydraulic Engineering Community is progressing, and I will go through a Case Study.Most importantly I will talk about how 2-D Modeling can help the floodplain communityAnd then I will go through what an example submittal might look like with a 2-D Hydraulic Model and discuss some of the challenges involved



WHAT DO YOU MEAN BY TWO 
DIMENSIONAL MODELING 

• 1D MODELING  
• 1 FLOW DIRECTION 
• COMPUTES ONE VELOCITY/ONE WATER SURFACE 
 

 

• 2D MODELING 

• 2 FLOW DIRECTIONS  
• COMPUTES LATERAL, DEPTH AVERAGED VELOCITY 
• VARYING WATER SURFACE 

V0 

Presenter
Presentation Notes
First off you may be wondering what I mean by Two-Dimensional Modeling.1D models, as depicted on the top graphic, determine flow in one direction at predetermined cross-section locations.  Providing one averaged velocity and one water surface elevation at each cross-section2D models, as depicted in the lower graphic, calculate flow paths in two directions at any given point within a modeled reach.  Using the topography of the floodplain to determine/develop hydraulic results.  Note in the graphic, the velocities are the same from the river bed to the water surface, however they differ across the cross section, with red depicting high velocities and green depicting slower velocities.  This is a big step forward from 1D models as we are now able to determine velocity magnitudes and directions at various bridge components or floodplain encroachments rather than just one averaged velocity across a predetermined cross section.



1-D VS. 2-D 

HDS-7: Hydraulic Design of Safe Bridges 

Presenter
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No let me go through when to use a 1-D Hydraulic Model and when to use a 2-D model.  Here is Table 4.1 from Hydraulic Design Series No. 7 (HDS-7): Hydraulic Design of Safe Bridges, produced my the US Department of Transportation and Federal Highways.  This table provides modeling selection guidelines for bridges and rivers.Clarify what the symbols mean on the table.Go through a couple of the examples specifically that relate to the type of river crossings we deal with in MT; Wide Floodplains, Highly Variable Roughness Floodplains, Highly Sinuous Channels, Multiple Openings,  Highly Skewed Crossings, Detailed Flow Distribution at Bridges, Significant Roadway Overtopping.As you can see 1-D modeling still has it’s place when it comes to the simpler river crossings and minor floodplain constrictions, but 2-D modeling is regarded as the better means to a solution for many of the more complicated types of river crossings.



THE USE OF 2-D HYDRAULIC 
MODELING IS INCREASING 

WHY 

Presenter
Presentation Notes
Let’s start with WHY 2-D modeling has been gaining speed.With the increasing power of the personal computer and the advances in Hydraulic Modeling Software now anyone can use 2-D Hydraulic modeling software, and you don’t need a super computer.  So why would a Hydraulic Engineer go through the trouble of learning new software when what we have been using seems to work, most of the time.



MORE ACCURATE AND REALISTIC 
RESULTS 
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First, 2-D modeling provides for more accurate and realistic results because it determines flow directions and extents based on the overall topography of the floodplain and not predetermined locations or a predetermined path.  2-D models will capture the varying water surface elevations across a floodplain and the true extents to which they reach.   Here is a flow trace created in SRH-2D that shows all the different paths of flow that were captured in the 2-D Model, most importantly the north overbank flow which overtops the roadway just north of the bridge opening (click).  While developing the model the key was determining where flows left the main channel and entered the north overbank flow path leading to the roadway overtopping (click); multiple estimates where made for a 1-D model and none were accurate.



REPLACES SIMPLIFYING ASSUMPTIONS 
NECESSARY IN 1-D MODELING 

Single Water Surface Elevation 

Estimate Flow Splits/Changes in Flow Direction 

Where Flows Leave and Return to a System 
• How Much Flow Leaves the System 

Estimating Ineffective Flow Areas 
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Second, 2-D Modeling does not require many of the major simplifying assumptions and estimations necessary to complete a 1-D model, because these assumptions and estimations are replaced by actual hydraulic calculations completed by the 2-D model.These estimations can include;predetermining flow splits and points of needed hydraulic data with preset cross-section locations – This must be done by the modeler through field reviews and review of historical evidenceestimating where flows leave and return to a system, or estimating how much flow leaves a system – using multiple reaches within larger reaches in 1-D models causes stability issues with models and still requires a predetermination of split locations by the modelerestimations of ineffective flow areas - Ineffective flow areas are used in a 1-D model to help show the limits of how river flows may contract into a bridge opening and then expand back out.Sometimes these assumptions and estimations can be determined with fairly good accuracy, but most of the time these estimations are very difficult to make and can lead to major differences in what a model shows and what actually happens in real life.  Because we just don’t know what we don’t know when it comes to building an accurate floodplain model.



GREATLY ENHANCED 
COMMUNICATION TOOLS 

Presenter
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With the development of the user friendly 2-D software program has come the ability to greatly improve the communication of Hydraulic Modeling results through excellent graphics.Results that were once only available with tables of numbers can be replaced by contour maps and flow traces visual aides.You can easily create figures like the one here that shows existing floodplain extents in pink and proposed floodplain limits in blue.Then easily point out the minor areas of additional inundation caused by a roadway grade increase and bridge replacement, highlighted by these red circles.  Versus the traditional table of numbers



CATCHING UP 

Traffic 
Studies 

Crash 
Studies 

Bridge Super 
Structure 

Bridge 
Foundations 

Lateral Load on Bridge Column 

Extreme Loadings on Bridges 
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There are many other disciplines involved in transportation related engineering and bridge engineering that are already utilizing numerical modeling techniques like those used in 2-D Hydraulic Modeling programs.  All of these groups use numerical modeling to get better answers to the engineering questions that they face.  Traffic StudiesCrash StudiesBridge Super Structure DesignBridge Foundation DesignSo why shouldn’t we as Hydraulics Engineers being using the best tools available to us to solve our engineering mysteries.



WHY CHANGE TO 2-D 

HEC-2  
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Presentation Notes
1-Dimensional Models are essentially using the same modeling calculations and technology that was being used when HEC-2 was introduced by the Army COE in 1966.  Sure, with the creation of Microsoft Windows the interface into using the calculations became much different when the COE released HEC-RAS but it was still the same analysis methodology.Let me use a analogy for you.  The Truck on the left is a mid-1960’s Ford truck and the truck on the right is a new 2016 Toyota Tacoma.  Both great trucks in their given time, but for the most anyone who was driving 1966 Ford Pickup has likely upgraded to something more modern.  Now, what are the reasons for this (ask the audience);Safety FeaturesFuel EfficiencyAdditional features; navigation systems, power locks and windows, etc.More user friendly; you don’t have to get out of the car to get into 4-wheel driveMore ReliableWider Range of Uses;



Hydraulic Engineering 
U.S. Department of Transportation 
Federal Highway Administration 

Coastal Scour Bridges Culverts Drainage Hydrology 

• Time for CHANGE! 
• Collaborative 

• Hydraulics:  

• Advancing to the  

• Next  

• Generation of 

• Engineering 

FHWA – EVERY DAY COUNTS (EDC) 
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What is Everyday Day Counts:  Every Day Counts is a program that was started by the Obama Administration in 2010.   Every 2 years federal and state transportation agencies submit ideas for new innovations with regards to Transportation related concepts, like warm mix asphalt or improved pedestrian devices.  Typically every round of EDC sees over 100 ideas submitted of they select around a dozen to help fund and pursue nationwide.  EDC-4 which technically started in 2016 includes the very first Hydraulic Related Innovation in EDC history.EDC-4 Innovation: Change = Collaborative Hydraulics Advancing to the Next Generation of EngineeringWhat is the purpose of the CHANGE innovation – The primary vision of the CHANGE innovation is the widespread use and understanding of the advanced analysis tools (like 2-D Modeling) for Hydraulic Engineering to promote better quality hydraulic designs.We will provide free training to many different groups within the Hydraulic CommunityA primary goal is develop multiple guidance documents with respect to building 2-D Hydraulic Models, writing up documentation reports for 2-D models, and reviewing 2-D Models.How can it help the floodplain community – The biggest way the CHANGE Innovation can help the floodplain community is by helping to provide education and guidance on 2-D Hydraulic Modeling.






SOFTWARE 
• In Use Since 2004 
• Works well for Any Type of River 

Encroachment 

SMS/SRH-
2D 

• In Use Since 2014 
• Works Well for Floodplain 

Modeling 

HEC-RAS 
2D 
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There are basically two different 2-D Hydraulic Modeling software packages available that are widely used around the united states.  There are differences between the capabilities of each program, but in short;SMS/SRH-2DSRH-2D is endorsed by FHWA for Transportation related design and was created by FHWA and USBR in conjunction with AquaveoSRH-2D can assess any type of roadway crossing or impact to a floodplain.  Be it bridges in pressure flow, roadways that have multiple openings being either bridges or culverts, or flows around obstructions.SRH-2D is public domain software and has been in use for river modeling since 2004HEC-RAS 2DRAS2D was created by the Army Core of EngineersIt is best used for floodplain modeling when bridges and culverts are not issues of concern.  Bridges that do not experience pressure flow can be modeled in RAS2D if the piers are properly modeled into the topography and mesh.RAS2D is free software and has been in use for river modeling since 2014.



SHELL CREEK, NE 
FLOODPLAIN ANALYSIS AND DESIGN 

Image Source: Nebraska Department of Roads 
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Now let me go through a quick case study from the state of Nebraska; this is actually a Case Study I stole from one of our EDC presentations but it greatly depicts the possible differences between 1-D model results and real life events. The reason I am showing this case study is to show how greatly different the results can be between a 1-D model and a 2-D model (real life)This is a roadway crossing in eastern Nebraska on Shell Creek.  This photo is looking downstream across SH81.   The main bridge is to the far right of the photo (point), there is a relief structure left of that (highlighted by the row of trees), and the roadway is overtopping in the middle of the screen.  The bridge was designed using a 1D model to pass the 100-year flood flow, but since it was constructed, it has actually overtopped a number of times during storms that were much less than a 100-yr flood.   Based on subsequent 2D modeling analysis that I will show you, the Nebraska Department of Roads determined that the roadway overtops at a 5-yr event, similar to what is shown in this photo. So what went wrong?  As I’ve noted earlier, a one-dimensional model requires many simplifying assumptions, and it only computes a single water surface elevation for each cross section.Again, with the many assumptions that are made with 1D modeling,  I’ll say it again…..we often don’t know what we don’t know.



SHELL CREEK, NE 
FLOODPLAIN ANALYSIS AND DESIGN 

Image Source: Earthstar Graphics (Aerial Image) 

Water Elevation (ft) Ground Elevation (ft) 

Road / Bridge Profile (view downstream) 
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{ANIMATED SLIDE}This image shows the floodplain limits and velocity contours from the 2D modeling results.   Blue is low velocity and red is high velocity, as you can see from the flow that is spilling over the roadway.   The flow arrows (click) show that  flow spills out of the channel in several locations (click) upstream of the roadway, and there are multiple flow paths evident across the floodplain.   All of these flow paths are very difficult to discern during a site investigation, and consequently, it is extremely challenging to use a 1D model to evaluate this crossing.(click) If we look at a cross section (or road profile) along this red line, (click), looking downstream, you can see the main bridge on the right (point), relief bridge in the middle, and overtopping on the left.  What do you notice about the water surface?   The water surface elevation on the left is about 3 ft higher than the water surface through the bridge opening.  Are these results from a 1D or 2D model?  What would a 1D model result look like here?  (click)   It would compute a single water surface. (click)



HOW CAN 2-D MODELING BENEFIT 
THE FLOODPLAIN COMMUNITY 
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Honestly for me the principal benefit that I see coming from the 2D Modeling is the benefit of providing more accurate estimates for the floodplain limits.  As I have said previously, 2-D Hydraulic Models give us the best estimates possible with respect to floodplain modeling and presents us the ability to provide the public with the most accurate answers we can give them.  With respect to floodplain analysis the accuracy of estimated floodplain extents can have a significant impact on those living in and around floodplains, and on the transportation infrastructure.



MORE ACCURATE ESTIMATIONS OF 
FLOODPLAIN LIMITS 
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2-D Hydraulic Models can help the floodplain community by providing more accurate estimations of the floodplain and how the river operates.  This way we can better evaluate which homes and structures are indeed a rivers floodplain so that the proper precautions and insurance measures can be taken.The two figures on this slide depict the differences between essentially 1-D river model with some 2-D storage areas (on the left) and a full 2-D model (on the right).  Flow is from left to right in the photos.  	The 1-D river model shows no flows leaving the system on the downstream end.	You can see how the 2-D model captures the flow split and the water leaving the main channel on the downstream end that floods multiple homes during the 	assessed flood event.



ENHANCED GRAPHICAL AIDS TO 
IMPROVE COMMUNICATION  
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Another fantastic advantage of 2-D Models is being able to more easily convey the results of a Hydraulic Model through the enhanced graphical abilities of 2-D Hydraulic Models the acceptance of the hydraulics models within the floodplain community and public would be greatly increased.  No longer are we stuck with large tables of numbers and simple figures to try to explain modeling results.  We can now use great figures like this contour map from a 2-D model that DOWL is working on for MDT that depicts the differences between proposed and existing conditions for a bridge crossing on a river.  Figures like this are very easily created, as are many of the excellent visual aides you have seen in this presentation.



EXAMPLE SUBMITTAL – ZONE A FLOODPLAIN 
WITH A 2-D HYDRAULIC MODEL 
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Now let me go through what a floodplain application submittal for a Zone A Floodplain impact might look like if a 2-D Hydraulic Model is used; now this example will be using the SMS/SRH-2D software program as that is what we prefer for use at MDT.As is typical a Joint Application for a Floodplain Permit would be prepared and submitted; some typical documents that would be attached regardless of the type of Hydraulic model used would include;An initial letter describing Hydrology and other important factors with respect to the river crossing of concernAs-built Plans for Existing Conditions, if availableProject Plans Sheets  - Proposed Bridge Plan SheetsRight-of-Way Plan SheetsSPA-124/404 Permit Authorizations if available at the time of submittal	Hydraulic Modeling Software FilesAnd of course,The Hydraulic Modeling Results will be included and that’s where the biggest differences would be between a 1-D Hydraulic Model and a 2-D Hydraulic Model.  While there may still be a basic table or two with a few numbers submitted when a 2-D model is used the main component of the submittal with regards to models results would be various visual aides.



CALIBRATION 
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First in order to convey how my model was calibrated I might include a figure like this one that shows flood limits estimated by the model overlaid onto a historical flood event aerial photo.  This is a great way to show how well a model is calibrated to a real flood event.



WATER SURFACE ELEVATION COMPARISON 
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The Hydraulic property of the most concern with respect to floodplain permitting is the estimated water surface elevations and the change in WSELs with an introduction of a proposed project.For a permit submittal I would likely include figures for the both the existing condition (click) and the proposed design (click), and then I would also provide a figure like this one (click) that compares the existing and proposed water surface elevations.This type of comparison map could be created for any of the hydraulics data sets developed, like a map comparing existing and proposed velocities or a map comparing existing and proposed depths of flow.



VELOCITY MAP WITH FLOW ARROWS 
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Often scour countermeasures are included on projects with floodplain permits and a figure like this one here that illustrates velocity magnitude contours with flow arrows is great ay helping to show where the values used in the countermeasure design came from.  The flow arrows are in the direction of the flow and the length and size are concurrent with the velocity.



PROFILE COMPARISON 
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Another figure I would include would be a comparison of the existing and proposed water surface elevations along the centerline of the channel.Something I would be sure to include on the figure would be the location of the bridge, which you do not actually see here.  This figure is very similar to the profiles developed with a 1-D model.



DEPTH OF FLOW CONTOUR MAP 
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Another figure that may be submitted would be a depth of flow contour map like this one here.  You can see several homes within the limits of the modeled flood event.



WHAT ABOUT A DETAILED FLOODPLAIN 

FEMA Guidelines 

Floodway vs. Floodplain Determination  

Providing a Single Averaged Water Surface Elevation 

Development of Updated Floodplain Maps 

Common Practice Today 
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So now what about a a submittal for a floodplain permit within a detailed floodplain?  It can be done but there are a few challenges.As we sit today there are no finalized FEMA guidelines for the use of 2-D models.  In the Fall of 2016 FEMA came out with some Draft Guidelines concerning the use of 2-D Hydraulic Models for the submittal of floodplain permits; comments were due back before the end of the year and that is where we sit.  So there are guidelines being developed by FEMA in conjunction with Federal Highways Hydraulics staff’s input.Another dilemma is the determination of the Floodway of a Detailed Floodplain.  Neither of the common 2-D Modeling programs can estimate these limits at this time;I do know the creators of SRH-2D and FHWA Hydraulics Engineers are currently working on this ability in conjunction with FEMA.A common obstacle that the SRH-2D creators, FHWA Hydraulics personnel and FEMA personnel are working on is the ability to provide a single water surface elevation for a given cross-section.  The issue here is that typically across a given cross-section the water surface does indeed vary, especially when looking at large flood events.Another issue that would arise is the ability to create new floodplain maps for say a CLOMR submittal.  I have shown you can easily create accurate maps depicting floodplain extents with a 2-D Model, these maps can in turn be exported with global projection coordinates.  The issue becomes what is shown on the maps for water surface elevations, as I have mentioned previously 2-D models estimate a varying water surface across a given floodplain cross-section which is what occurs in real-life.So what do we today when the river crossing situation calls for a 2-D Hydraulic Model to be used and the river also happens to be a detailed floodplain?  Most common is to use the 2-D model to develop a really good 1-D Hydraulic Model.  The 1-D model is develop from the 2-D Model by using it to make all of the simplifying assumptions necessary in a 1-D model and by using it to determine flow splits and cross-section locations in a 1-D model.  SRH-2D currently has a the ability to export data directly to HEC-RAS.



HELPFUL FIGURES FOR A FLOODPLAIN 
PERMIT  

Existing & Proposed Water Surface Elevation Maps 

Existing and Proposed Depth of Flow Maps 

Velocity Contour Maps with Flow Arrows 

Calibration Figures 

Floodplain Extent Maps 

Froude Number Maps 

Flow Trace Videos 
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Here is a list of helpful figures that could be included in a floodplain permit submittal with a 2-D Hydraulic Model, several of them o covered with the previous exampleExisting and Proposed Water Surface Elevation Contour MapsComparison Contour Maps like the ones we saw in the previous slide.Existing and Proposed Depth Contour MapsComparison Contour Map for DepthsVelocity Contour Maps with Flow Arrows (also a Comparison Map), great forDetermining flow splitsDetermining scour countermeasure inputsFlow AnglesVelocity MagnitudesCalibration visuals with Historical Flood Aerials.Floodplain Extent Maps – Maps depicting just the floodplain extents at any given event.Froude Number Maps – This would give you a way to look for any areas of critical flow, like overtopping of a levee or roadway.Flow Trace Videos – these are just great for being able to see what is going on within floodplain at a given flow event.



HELP 
MDT Hydraulics  

• J.R. Taylor, District Hydraulics Engineer/FHWA CHANGE Champion – jertaylor@mt.gov 
• Every Day Counts Innovation: CHANGE 

Helpful Software Links 
• SMS/ SRH-2D Free Reviewers License 

• www.aquaveo.com/regulatory-review 
• SMS/SRH-2D: Supported by FHWA Resource Center, MDT, Aquaveo 

• http://www.xmswiki.com/wiki/SMS:SRH-2D 
• http://www.aquaveo.com/software/sms-learning  

• HEC-RAS 5.0 Current Version 
• http://www.hec.usace.army.mil/software/hec-ras/downloads.aspx  

• HEC-RAS 5.0: HEC-RAS Users Blog – “The RAS Solution” 
• http://hecrasmodel.blogspot.com/  
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First off if there are any questions regarding 2-Dimensional Hydraulic Modeling feel free to contact me and I will most definitely do what I can to answer any and all questions.Now remember folks while this may seem overwhelming now this is only the first step in the path in the overall accepted use of 2-D hydraulic models for floodplain permits, and this process is not something that is going to happen overnight.  There will learning curves for everyone involved in the process and our goal is to continue to make progress down this path.  A great tool that we will have moving forward will be the work of the EDC CHANGE Innovation Team.With the CHANGE innovation being sponsored by FHWA there will be a number improvements with respects guidance and training for 2-D Hydraulic Modeling.  I am the CHANGE Innovation Point of Contact for the State of MT so I will now as soon as any information developed by the CHANGE Team becomes available and I will be able to disseminate this info.  Just a quick reminder of some of the things the CHANGE innovation we help provide;Numerous guidance documents some of which will involve helping to review 2-D ModelsDevelop and provide many different types of training some which will also involve the reviewing of 2-D models; this is training that would be sponsored by FHWA.The reviewer training will consist of topics like learning to navigate through an already developed model and will highlight the important parts of the model that can be assessed for issues.EDC funding will be determined at the end of March 2017 and then the innovation team will be proceeding with the development of the guidance and training then.  If there are any questions regarding this please contact me.  Software Developers – Here are links to both the SMS/SRH-2D and HEC-RAS 2D programs.Depending on what type of software was utilized there will be help available to possibly answer questions, these links are included.SMS-SRH-2D; There are several avenues of help for suing SMS/SRH-2DThere is a wiki page that is an interactive help guide for SMSTutorials to go over single steps or features of SMS/SRH-2DWorkflows that take a user for the development of a specific type of 2D Model, such as a pressure flow bridgeHEC-RAS; A HEC-RAS blog has been created and is run by Chris Goodell who is the Director of Applied Research for WEST Consultants.  The blog is a good place to look for answers to specific questions with HEC-RAS.
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QUESTIONS? 
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I want close out my presentation with a figure provided by Jonathan Weaver from Great West.  Thanks Jonathan!  This is a flow trace on top of the WSEL contour map for a 2-D Hydraulic Model that was created in RAS2D.  Note all the places the main river loses water to the adjacent smaller creek at a high flow event.Are there any questions?
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