



CREATING A TIN FROM DEM DATA FOR GEORAS IN ARCVIEW
Purpose

This procedure was developed to aid NRCS Engineers in developing terrain data for use within GeoRAS.  

Background

GeoRAS is an ArcView extension developed by the U.S. Army Corps of Engineers designed specifically to improve the data input process for HEC-RAS.  Operating within the ArcView environment, GeoRAS uses spatial data to develop, organize, and automatically enter input data into the HEC-RAS model. 

The key data element that GeoRAS uses to develop the input data is terrain data, commonly referred to as a Triangular Irregular Network (TIN).  One source for data used to develop a TIN is a Digital Elevation Model (DEM).  DEMs exist in grid (raster cell) format which can be displayed within ArcView, if the proper extensions are installed.  The quality of this data is based on its resolution, or cell size.  The smaller the cell is, the greater the resolution and accuracy.  However, the smaller the cell size, the greater the memory and computation requirements.  The usefulness of DEMs for developing terrain models should be determined based on the cell size and the level of hydraulic analysis to be performed.  The more approximate the analysis is to be, the greater the cell size that may be used.

The United States Geologic Survey (USGS) has compiled a seamless DEM of the entire United States.  The cell size for the seamless DEM is 30 meters by 30 meters.  A higher resolution seamless DEM, which partially covers the United States, has a cell size of 10 meters by 10 meters.  The seamless DEM exists on a USGS website and can be downloaded free of charge.  

General Description of Procedure:
1. Access the USGS website.
2. Locate project area.
3. Specify and download data.

4. Load DEM into ArcView.

5. Create contours.
6. Re-project contours and change units (optional).

7. Create Preliminary TIN.
8. Add breaklines (optional).
9. Re-create TIN.
Need to know:

· Basic ArcView 3.3.
· Downloading data from the internet.

· Downloading and using ArcView Extensions.
· TIN concepts.
· Breakline concepts.
Recommendations:

· Use DEM data by itself for broad hydraulic analyses.
· Combine DEM data with other data sources, such as survey data from a GPS or total station, to increase accuracy in critical areas.
· Use 10 meter resolution DEM data whenever possible.

· If it appears that a lot of adjustments will be required to produce an accurate TIN, consider using a different data source and creating the TIN within an engineering software, such as EaglePoint.

Helpful Hints:
· If the TIN does not reflect the desired terrain, readjust the contours and breaklines, and then reproduce the TIN.  To some extent, this process can be repeated until the TIN accurately reflects the terrain.
· Set up the ArcView project prior to loading the DEM into it.  Set the working directory, activate the proper extensions, and know the projection of supporting data, such as aerial photo(s) and USGS quadrangle(s).
· Prior to loading the DEM into ArcView, have a plan regarding what units will be used in HEC-RAS.

Procedure
1. Access the USGS Website.
The process for obtaining DEM data from USGS begins with accessing their website, http://gisdata.usgs.net/.  Once the website is accessed, choose the “Seamless” option under “Data Delivery” as shown in Figure 1.  This option takes the user to a map of the United States where the zoom button can be used to begin the process of zooming into the project’s location.
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Figure 1. Accessing the USGS Website.

2. Locate the Project Area
The States are delineated on the map as shown in Figure 2.  Figure 3 and Figure 4 depict the map as the user continues to zoom into the project location.  For this example, the screens depict the steps for zooming into Kittson County, Minnesota, where the example project is located.  On the right side of the screen, as shown in Figures 3 and 4, there is a “Display” tab with several sub-categories that can be used to turn on and off different layers, which might help the user accurately locate the project’s location on the map.  Layers that are typically beneficial include roads, county boundaries and labels, major streams and water bodies, and relief.
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Figure 2.  Beginning the zooming process.
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Figure 3. Zooming into the project area.
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Figure 4.  Zooming into the project area.

3. Specify and Download Data
Once the project area is identified, the user can draw a box around the area which is to be downloaded.  If the box remains green, as shown in Figure 5, the user may download directly from the website, however, if the box turns red, then the information must be sent from USGS on a CD.  It is possible to download different areas and rejoin them as one shapefile later in ArcView to minimize the need for ordering information on CD.  However, this is an advanced technique and may require the assistance of a GIS specialist.  The type of data to be downloaded is controlled on the right of the screen under the “Download” tab.  The user may choose the different types of data that are available within the specified area to be downloaded.

Once the data request has been specified, area and type, the website will process the order and pop up an order sheet, as shown in Figure 6.  The order sheet lists the different types of data, their corresponding file size, data format, and their projection.  For this example, Figure 6 shows that the data is in the ArcGrid Format (default format) in NAD 83 Geographic (Decimal Degrees)(default projection).  The data format could be changed under the “Modify Data Request” button shown at the top of the order sheet.  
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Figure 5.  Specifying the data limits for the data request.
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Figure 6. The order sheet for DEM data.
4. Load DEM into ArcView
After the DEM file is downloaded and saved to the hard drive, it should be unzipped into the ArcView project working directory, specified by the user.  After the DEM file is unzipped it may be loaded into ArcView.  However, prior to loading the DEM into ArcView, the Spatial Analyst and 3D Analyst extensions must be activated, and Grid Analyst recommended (Grid Analyst is not a common extension, but can be downloaded from ESRI).  If the GeoRAS extension is activated, it will automatically activate the 3D Analyst and Spatial Analyst extensions.  Figure 7 depicts an ArcView screen with the DEM loaded.  Note the menu options at the top of the screen reflecting the activation of Spatial Analyst, 3D Analyst, and Grid Analyst.
DEMs that cover larger areas can greatly increase the TIN processing time.  If the downloaded DEM extends beyond the project area, the DEM can be clipped using the Grid Analyst extension.  Or, if the project area is expansive in itself, the DEM area can be clipped at a specified distance from all channel centerlines.  The distance from the centerline is specified by the user and should reach just beyond what the user predicts the limits of the cross-sections will be.  This is performed by digitizing the channel centerlines, buffering them at a specified distance, and then using Grid Analyst to clip the DEM based on the buffered areas.  DEM clipping is recommended to decrease computer computation time and increase project efficiency, but may require the assistance of an advanced user.  As an option, if the proper extensions for grid clipping are not available, the user may wait and clip the contour shape file using other extensions such as Geoprocessing Wizard.
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Figure 7.  The DEM loaded into ArcView.

5. Create Contours

Once in ArcView, the DEM has horizontal units in Decimal Degrees and is projected with a NAD 1983 datum, as specified during the downloading process.  At this point, contours can be developed using the menu options shown in Figure 8.  The contour interval is specified by the user.  Since the TIN will use the contours to generate triangles, which make up the TIN, minimal contour intervals should be specified for areas that require greater contour definition (flat areas).  Greater contour intervals may be used in areas with steep slopes.  The user should produce contours at several different intervals, compare them, and then determine the best interval for producing a TIN. 
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Figure 8.  The contour shape is based on the DEM.

6. Re-project Contours & Change Units (Optional)
During the TIN development process, it is critical to maintain the proper units, corresponding with the intended analysis in RAS.  If the analysis within RAS is to be performed using English units, the contours should be converted to English units; otherwise, the modeler has options of operating RAS using Metric units or making conversions.  If English units are preferred, the contours should be re-projected after their creation into units of feet, with a NAD 1983 datum, and the proper UTM zone.  However, the vertical units of the contours still exist as metric.  The contour shapefile table must be edited to convert the contour elevations to English units.  As shown in Figure 9, a new field is added to the table entitled “uselev”.  Using the calculator and formula shown in Figure 10, the values for “uselev” shown in Figure 9 are added.  The contours may be overlaid onto a USGS Quadrangle sheet to determine accuracy, as shown in Figure 11.  If the user does not feel that the contours accurately reflect the terrain, there are a few options for contour adjustment:
1. Activate the Edit Teme commands in ArcView for the contour shapefile, which will allow the user to manually adjust the existing contour locations, add contours, delete contours, and change contour elevations.

2. Return to the original DEM and re-calculate contours based on different contour intervals.  Repeat process until contours are similar to those on the quadsheet.
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Figure 9. Table depicts added field “uselev”.
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Figure 10. Dialogue box depicts the formula for converting elevation from metric to English units.
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Figure 11.  The contour shape file has been re-projected and overlaid onto a USGS quadrangle sheet.

7. Create Preliminary TIN

After the contours are finalized, the TIN is produced based upon the contour locations and elevations.  The resulting TIN should appear as shown in Figure 12.  At this point, the user should determine if the TIN accurately portrays the actual landscape within the project area.  If the TIN is adequate, it is ready to be used with GeoRAS.  If the TIN is inadequate, the user has a few options for TIN adjustment.
1. Return to the contour shapefile and activate the edit theme commands.  Re-adjust contour locations, add more contours, or delete contours.
2. Add breaklines and recalculate the TIN specifying breaklines (Refer to Step 8).
3. Combination of both options 1 and 2.
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Figure 12. TIN with triangular faces filled-in.

8. Add Breaklines

As shown in Figure 13, breaklines can be added to affect the organization of the triangles which make a TIN.  Hard breaklines reflect lines with elevation (3D) and soft breaklines reflect lines with no elevation (2D).  To create hard breaklines, the user must first create a new 2D polyline shapefile and draw breaklines as needed.  Then, the 2D shapefile can be converted to a 3D shapefile with a specified elevation or one that is dependent on an existing DEM.  The elevations of the 3D shapefile vertices can be manually edited based on user defined elevations.  The “Vertex Point Edit” dialogue box, as shown in Figure 14, can be accessed by right clicking on one of the 3D breaklines and choosing the “Shapefile Properties” option, while the shapefile is in edit mode.  Since this method can be tedious, it is recommended that it be used for smaller areas that are critical for the hydraulic analysis.  Keep in mind when drawing the breaklines that the more vertices that are placed, the more vertices that will need to be edited. 
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Figure 13.  A portion of the TIN with breaklines (blue) delineating the channel centerline and top of banks as defined on the USGS Quandrangle.
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Figure 14.  Dialogue box used to edit vertex elevations.

9. Re-create TIN

After breaklines and any adjustments to the contours have been made, a new TIN can be made.  Figure 15 shows the dialogue box that is used to create a TIN based on contours and a specified breakline shapefile.  Figure 16 reflects the same TIN as that shown in Figure 13.  The portion of the reach that is affected by the placement of the hard breaklines reveals a more defined channel.  The modified TIN could be further modified with the addition of more breaklines. 
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Figure 15.  Dialogue box specifying DEM as elevation source with a breakline option (Brkz1.shp).  The breakline is specified as a “Hard Breakline” with no height source.
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Figure 16.The portion of the TIN affected by the breaklines.

