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Introduction

An ArcGIS toolset (River Channel Morphology Model) is developed for extrapolating the three-dimensional structure of river channels in the form of cross-sections and profile-lines. Cross-sections are bed profile across the flow, and profile-lines are bed profiles along the flow. This report describes the step-by-step procedure to implement River Channel Morphology Model (RCMM) for creating a three-dimensional structure for river channels in the absence of detailed channel bathymetry. The report is organized in the form of a tutorial using an example dataset along the Brazos River. At the end of the report, a brief discussion on analyzing the local variations in the channel bathymetry to add to RCMM is provided. 

This report describes the implementation of RCMM only. For a detailed discussion on RCMM theory, the reader is suggested to read last year’s final report available online at <http://www.twdb.state.tx.us/InstreamFlows/pdfs/CRWRreport_03.pdf>. 

Goal 
The goal of this exercise is to create a three-dimensional structure for the main stem of the Brazos River between Richmond and Rosharon gaging stations by using the centerline from the National Hydrography Dataset (NHD) and cross-sections information from the United States Geological Survey (USGS) by employing RCMM. In addition, some other functions of RCMM that are useful for extracting the three-dimensional structure of the channel to run the HEC-RAS model are explored.
Data Requirement
The data required for this tutorial, and other necessary files are located in the Tutorial.zip folder located at ftp://ftp.crwr.utexas.edu/pub/outgoing/vmmerwade/RCMM/Tutorial.zip. Copy the zip file, and unzip it to save the contents in a local folder (Tutorial folder). 
RCMM needs at least the following two feature classes populated:
1. A point feature class containing at least two points, each located upstream and downstream from the area of interest. The point feature class must have channel width, depth and bank elevation attributes. These attributes can be populated by using the information from the USGS gaging stations or from any other sources.
2. A polyline feature class, typically the FlowLine feature class from NHD.

The raw data can be found in BrazosData.mdb. Open ArcCatalog, and browse to the data as shown below:
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The BrazosData.mdb has three feature classes:

1) Channel_Boundary is a polygon feature class digitized using aerial photographs for the study area.
2) NHD_centerline is a polyline feature class that contains NHD FlowLine features for the main stem of the Brazos River from Richmond to Rosharon gaging station.

3) USGS_Points is point feature class with two points identifying the locations of the gaging stations.  

Building the RCMM Database
To use RCMM, a geodatabase must be created with the required feature classes. The following table shows the data requirement for RCMM. 

	Sr. No.
	Feature Class
	Feature type

	1
	ReferencePoints
	Point

	2
	Centerline
	PolylineZM/PolylineM

	3
	ChannelBoundary
	Polygon

	4
	BoundarySegments
	Polyline

	5
	Thalweg
	PolylineZM

	6
	CrossSections
	PolylineZM

	7
	ProfileLines
	PolylineZM


The RCMM structure is stored in a schema (RCMM_Schema.xml) that can be applied to an empty geodatabase to create all the feature classes necessary for using RCMM. In ArcCatalog, create an empty personal geodatabase in the tutorial folder (Right click(New(Personal Geodatabase), and name it as Brazos_RCMM.mdb. 
Brazos_RCMM.mdb can be populated by applying the RCMM schema (RCMM_Schema.xml), which is stored in the tutorial folder. Double click on RCMM_Schema.xml to see the geodatabase structure with all the feature classes as shown below:
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To apply the RCMM schema to Brazos_RCMM.mdb, right click on Brazos_RCMM.mdb(Import(XML Workspace Document as shown below: 
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Choose the import Schema Only option, and browse to RCMM_Schema.xml as shown below:
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Click Next, and then Finish to complete the schema import process. Make sure ArcMap is closed while importing the schema. An open ArcMap session sometimes causes conflicts resulting in errors during the schema import process.
Refresh the ArcCatalog view by going to View(Refresh. Click on Brazos_RCMM.mdb to see the new feature classes added to the geodatabase by the  schema as shown below:  

[image: image5.png]BoundarySeqments

Centerline

ChannelBoundary
CrossSections

ProfiLines

2] ReferencePoints
TerrainCrossSections

Thalweg





Right click on the RCMM feature dataset to see its properties. The properties window will show that the spatial reference is already defined (NAD_1983_UTM_Zone_15N).  
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This spatial reference is fine for the Brazos dataset, but may have to be changed for other datasets (if necessary). The spatial reference can be imported from other existing datasets, or can be selected from a predefined coordinate system. It is absolutely necessary to have the spatial reference defined for the geodatabase before employing the RCMM toolset. 

Since all the feature classes in Brazos_RCMM.mdb are empty, the next step is to import the existing data from BrazosData.mdb to Brazos_RCMM.mdb. 
Importing Existing Data to the RCMM geodatabase
The USGS_Points feature class contains the two reference points along the Brazos River, and therefore should be exported to the ReferencePoints feature class. Right click on ReferencePoints(Load(Load Data as shown below:
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Browse to the USGS_Points feature class located in BrazosData.mdb, and click Add, and then Next as shown below:
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Choose Next to get the following window:
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Match HydroCode with STATION_NO, NAME with SNAME, BankElev with BankElev, Depth with Depth, and Width with Width. Click Next, choose Load all of the source data option, click Next and then Finish to load the data from USGS_Points to the ReferencePoints feature class.

Similarly load the data from NHD_centerline in BrazosData.mdb to the Centerline feature class in Brazos_RCMM.mdb. 
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Match HydroCode with ComID, ReachCode with ReachCode, and Name with GNIS_Name. Click Next, choose Load all of the source data option, click Next and then Finish to load the data from NHD_centerline to the Centerline feature class.

Finally, load the data from Channel_Boundary in BrazosData.mdb to the ChannelBoundary feature class in Brazos_RCMM.mdb. 

Populating the attributes of ReferencePoints feature class

To develop the channel morphology in areas with no data, RCMM uses the average values of depths, widths and bank elevations at upstream and downstream locations (reference points) from the area of interest. The computation of average values of depth, width, and bank elevation at the reference points along the channel is a prerequisite for the application of RCMM. For this exercise, these values are already computed and stored as attributes in the ReferencePoints feature class. This section briefly describes how the average values of depth, width and bank elevation can be computed for the reference points using the USGS gaging stations data. 
To compute the depth, width and bank elevation, it is ideal to have measured cross-sections at reference points, but if measured cross-sections are not available, the average values of depth, width and bank elevation can be computed from the USGS gaging stations data. USGS performs occasional measurements of cross-sections at its gaging stations to update the stage-discharge rating curves, and these data can be downloaded from the link below:

http://waterdata.usgs.gov/nwis/measurements
The study area is bounded by the Richmond gaging station upstream (# 08114000) and by the Rosharon gaging station downstream (#08116650). Using the USGS measurements, the average values of depth, width and bank elevation at any point along a river channel can be computed by developing hydraulic geometry relationships. Hydraulic geometry relationships relate flow with average values of depth, width and velocity. The following figure shows the hydraulic geometry relationship between flow and average depth at the Richmond gaging station.
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For any given flow at the Richmond gaging station, the average depth can be calculated by using the relationship shown in the above figure. The bank elevation is computed by getting the stage from the stage discharge relationship, and adding it to the gage datum. The width can be computed either by using hydraulic geometry relationships or by digitizing the boundary from aerial photographs. RCMM uses the left bank of the river channel to generate thalweg and cross-sections, and the boundary digitized from an aerial photograph provides a better description of the channel morphology. Therefore, it is recommended to have the channel boundary digitized from aerial photographs. The boundary polygon imported into the ChannelBoundary feature class is digitized using aerial photographs. If there are no aerial images available for the study area, RCMM has a tool to create the boundary using the centerline.
At the Richmond gaging station, for the bankfull discharge of 55800 ft3/s which is usually a two-year return period flow (estimated using the flow duration curve), the average value of depth, width and bank elevation is 7.3m, 109m and 18.4, respectively. Similarly, for the bankfull discharge of 51600 ft3/s at the Rosharon gaging station, the average value of depth, width and bank elevation is 11m, 101m and 12.2, respectively. 
In summary, preprocessing for RCMM involves applying the RCMM schema to an empty geodatabase, loading existing data, digitizing the boundary for the area of interest (optional) and computing the depth, width, and bank elevation at reference points. If the area of interest is long (more than 10 miles), manual digitization of the boundary is a cumbersome task. There is a tool under development that will automatically delineate the channel banks using aerial photographs.

RCMM Toolbar

Open an ArcMap session, and save the document as RCMM_tutorial.mxd. Load the RCMM Toolbar into the map document by clicking on Tools(Customize.. as shown below (Note: adding a toolbar to an ArcMap document may needs administrative access to the computer):
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In the Customize window, click on Add from file.., and browse to RCMM.dll located in the Tutorial folder. 
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Upon successful addition of all objects in the DLL file (shown below), click OK. If no objects are added to the window, most probably the access to the system folder is denied, and an administrative login is required to load the toolbar. 
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Close the customize window, and a dockable toolbar named RCMM Toolbar should appear on the map document as shown below:
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Save the ArcMap document. The RCMM toolbar has three menu buttons: (a) Basic RCMM, (b) Processing Menu and (c) Data Import/Export. The Basic RCMM menu has functions build the three-dimensional structure (cross-sections and profile lines) for river channels using ReferencePoints and Centerline feature classes. The Processing Menu has functions for general analysis of river morphology data, and the Data Import/Export menu has functions to exchange data from geodatabase to XML files, XML to HEC-RAS geometry files, and HEC-RAS output to XML files. The applications of some of the functions in the RCMM toolbar are discussed in the following sections.
Creating Boundary using the Centerline (Optional) 
This task can be skipped if the boundary for the study area already exists. Add ReferencePoints, Centerline and ChannelBoundary from RCMM_Brazos.mdb to the map document. Although the ChannelBoundary featureclass has one boundary polygon in it, the goal of this task is to demonstrate the utility of RCMM to create the boundary polygon in the absence of other sources such as aerial photographs. To create the channel boundary using the centerline, the centerline feature class must have channel width assigned to each features (note that centerline features do not have width attributes). Channel widths can be assigned by interpolating the width attribute from the ReferencePoints feature class. Lookup the attribute table for ReferencePoints to make sure the width attribute is populated. Click on Basic RCMM(Interpolate Attributes as shown below:
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Choose ReferencePoints for Reference Points, Centerline for Linear Features, and Width for Attribute. Leave the Assign Measures option checked. This option assigns measure attribute to each feature in the Centerline feature class with respect to the overall length of the reach, which is useful for linear referencing.  
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Click OK, and the process should finish within 2-4 seconds (for the tutorial dataset). Click OK on the process completion message box (shown below). 
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Open the attribute table for the Centerline feature class, and it should now have two extra attributes (Width and Measure) as shown below:
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The Width field contains linearly interpolated values of widths (between the reference points) for each centerline feature. The Measure field contains the distance from the midpoint of each centerline feature to the starting point of the most upstream feature in the centerline feature class. The values stored in the Measure attributes are in map units, which is meter in this case. After each centerline feature has a width attribute associated with it, the centerline feature class can be used to create the channel boundary.
Click on Basic RCMM(Boundary from lines as shown below:
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Choose Centerline for centerline layer, Width for width field, Measure for measure field, and ChannelBoundary for boundary layer. The measure field is used to process the centerline features in a sequential fashion from upstream to downstream.
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Click OK. The create boundary tool takes about 2-4 seconds to complete. Click OK on the process completion window as shown below.
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The boundary is added to the ChannelBoundary feature class. The channel boundary is created by offsetting each centerline feature by a distance of 0.5 times the width on each side. Compare the new boundary polygon with the one already exists (created by digitizing aerial photographs) in the ChannelBoundary feature class. Compare both polygons to see the difference between the boundary created by an automatic process and by manual digitization. The digitized polygon is 15-20 percent wider than the polygon created by RCMM at almost all locations, and therefore, manual digitization of channel boundary using aerial photographs is recommended. Retain the digitized polygon for further analysis and discard the polygon created by RCMM by deleting it (deleting a feature requires the map document in edit mode). Save the ArcMap document.
Creating thalweg 

RCMM uses the left bank to create the thalweg. Therefore, the boundary polygon has to first converted to a boundary polyline, and then split the polyline to extract the left bank. Looking downstream (from Richmond to Rosharon gaging station), left bank refers to the bank on the left hand side of the channel. Add BoundarySegments from Brazos_RCMM to the ArcMap document. Click on Basic RCMM(Polygon to polyline as shown below:
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Choose ChannelBoundary for Polygon Layer and BoundarySegments for line layer as shown below:
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Click OK, and the process takes less than two seconds to complete. Click OK on the process completion window. 
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Open the attribute table for BoundarySegments and notice a new feature is added to the feature class. The next step is to extract only the left bank from this boundary polyline. This task can be accomplished by using the split tool available with the ArcMap editor toolbar. Start an edit session with BoundarySegments as the target layer. Zoom into the upstream left corner of the channel boundary. Brazos River flows from Richmond to Rosharon, so the upstream left corner is the corner near the Richmond gaging station as shown below:
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Using the Split button [image: image27.png]


 on the editor toolbar, and split the boundary segment at the upstream left corner (shown above). Save the edits. Similarly, zoom in to the downstream left corner, and select the boundary segment feature that contains the left bank, and split the polyline at the downstream left corner as shown below.
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Save the edits. The split produces three features in the BoundarySegments feature class. Retain only the left bank, and delete all other features from the BoundarySegments feature class. Stop the edit session. The final step in processing the left bank is splitting it into boundary segments so that cross-sections can be created for each segment. Select the left bank from the BoundarySegments feature class, and click Basic RCMM(Split line into segments as shown below:
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Choose BoundarySegments as input to the Line layer. There are two options to split the left boundary. The “as distance” option will split the polyline into equal parts of specified length. The “as percentage” option will split the polyline into equal parts of specified percentages of the total length. Choose the “as distance” option, and enter 500 in the corresponding text box. Restore original will restore the original line along with the new split segments, uncheck the restore original check box as shown below: 
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Click OK, and the process should finish within two seconds giving the following message box: 
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Click OK, and open the attribute table for BoundarySegments to see that a single left bank polyline is replaced by several features, each 500m long. The BoundarySegments feature class should have 131/132 features in it. 
After the left bank is split into segments, interpolate the BankElev and Depth attributes from ReferencePoints onto BoundarySegments. Click on Basic RCMM(Interpolate attributes, and choose inputs as shown below:
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Let the Assign Measure option checked. Click OK. Interpolate the Depth attribute in the same way. The Assign Measures option can be unchecked at the second time as shown below: 
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Click OK to assign the depth attributes. Open the attribute table for BoundarySegments to see the new fields and attributes. The feature class should have Depth, BankElev, and Measure fields, all populated. Close the attribute table.
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This completes all the pre-processing for creating the thalweg. Add the Thalweg feature class from Brazos_RCMM.mdb to the map document. Start the edit session. Click on Basic RCMM(Create Thalweg as shown below:
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The creation of thalweg is based on a relationship between the shape of the channel (radius of curvature of the left bank) and the distance of the thalweg from the left bank. For this study dataset, choose the low sinuosity option, accept the default parameters, and click OK. 
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Choose BoundarySegments for input line, Channel_Boundary for Boundary, Thalweg for thalweg layer, BankElev for bank elevation, Depth for thalweg depth, and Measure for Measure field. Check the advanced option as shown below:
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Click OK. The form will show the progress at the bottom-left corner and the creation of thalweg takes about 15-20 seconds. Click OK on the final process completion message. 
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The thalweg creation tool creates one thalweg point per boundary segment, and the advanced option interpolates these points to create three thalweg points per boundary segment. The thalweg is also converted to a Bezier Curve, which sometimes (very rare) causes the thalweg to go outside the channel boundary, especially at sharp bends. It is recommended to zoom through areas with sharp bends to make sure that the thalweg lies inside the channel. For example, at one location (shown below), the thalweg goes outside the channel banks.   
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Right now, there is no automated way to handle this situation. Zoom in to the area shown in the above figure. Select the thalweg, change the editor task to Modify feature, and set the editor target to Thalweg as shown below:
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With the Modify Feature option, and the thalweg feature selected, the thalweg should show the location of its vertices. Using the edit tool on the editor toolbar [image: image41.png]


 , and move the vertex of the thalweg that lies outside the channel to bring it inside the channel as shown below:
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While in modify feature mode, click on sketch properties button[image: image43.png]


 on the editor toolbar to see the edit sketch properties of the thalweg as shown below (Note: The Z attribute should show decimal values. If not, please change the Z domain properties with a precision of at least 10. The Z attribute without decimal values will cause error during the cross-sections creation process):
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The Thalweg is a PolylineZM feature, and it has two extra attributes, z and m, besides (x,y) attributes. Both z and m attributes are extracted from the boundary segment features (z = BankElev-Depth, and m = Measure). Close the edit sketch properties window, and save the edits. 
Open the attribute table for BoundarySegments and look at the new attributes added to these features by the thalweg creation tool. 

[image: image45.png]=lolx|
sRught_| rCurvature [ThaLocation|_fromLine | _ToLine_| Ustream | Downstrea] =
o[z S7ia63 | 0515600 i 275 ueraeee ot
o573 20005 | 0851310 e 276 ogas | osorzs
> o| 717150881 | o7i0s3s s 2r7|osenizn| oromee
o[ si00s| osamoa e 276] 0700662 | osomer
o[ ses7o0rss | oseeaes o 278 ogoer | osurear
 [i7rssossss | ozeans e 20 osurear| ozme
| car o7 ozunest 79 ENKE: T
| corrose1a| ozssres 0 26| 0z | oz
| coariores| oassos 2 2| ozioiez| o] v

<
Recad 1 [ 3_2[] Show [l Seleced | Fecords (Dout f 127 Selected)

ol





IsRight indicates the direction of meander (0 is right meander and -1 is left meander). ThaLocation indicates the location of the thalweg point from the mid-point of the boundary segment. The ThaLocation value is stored as percentage of the total width, and should be multiplied by Width to get the real distance. The FromLine attribute is the OBJECTID of the upstream boundary segment, and ToLine is the OBJECTID of the downstream boundary segment. Upstream is the thalweg location from the starting point of the boundary segment, and Downstream is the thalweg location from the end point of the boundary segment. The ThaLocation, FromLine and ToLine attributes are used compute Upstream and Downstream. 
After the thalweg is created, the next step is creating cross-sections.
Creating Cross-sections
Add the CrossSections feature class from Brazos_RCMM to the map document. Before creating cross-sections, copy BetaParameters.mdb from the tutorial folder to c:\temp. Storing BetaParameters.mdb in “c:\temp” is necessary for creating cross-sections. BetaParameters.mdb contains parameters for creating beta distributions that are used to describe the cross-sections in RCMM. Click on Basic RCMM(Create Cross-sections as shown below:
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Choose Thalweg for thalweg layer, BoundarySegments for boundary segments and CrossSections for output layer. 
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Click OK. The process of creating cross-sections is relatively long compared to other processes in RCMM. It takes about a minute or two to create cross-sections for the study dataset. Depending on the shape of the boundary segments, the program sometimes faces problems in locating the channel banks and gives an error message as shown below:
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If such an error occurs, just note down the OBJECT ID of the boundary segment and click OK. 
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Click OK after all the cross-sections are completed successfully. Save the edits. Select the boundary segment which produced an error during the cross-section generation process, and study why this error occurred. A close-up of the location where an error occurred while creating cross-sections is shown below: 
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RCMM creates cross-sections perpendicular to three points along a boundary segment: from (start) point, mid-point, and to (end) point. The start and mid-point worked fine for the selected segment, but when a perpendicular (dashed line) is drawn at the end-point of the above segment, it crosses another cross-section before hitting the channel boundary thus producing an error. This problem can be fixed by modifying the geometry of this particular segment manually. If the error occurs once or twice, it is not necessary to do anything about it. However, it the error occurs more than four/five times, or a cross-section is desired at any of those error causing locations, the boundary segment can be modified by doing a simple edit task. Regardless of error messages, check for overlapping cross-sections and delete those manually. 
Open the attribute table for cross-sections, and look at the new attributes added by the cross-section tool. 
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Most of the new parameters for cross-sections are related to beta distributions that are used to describe them. Each cross-section is a combination of two beta distribution. Therefore, ALPHA1, BETA1 and ALPHA2, BETA2 are the beta distribution parameters and FACTOR is a multiplying factor of these distributions. Measure gives the distance of cross-sections along the thalweg.

Creating profile-lines from cross-sections
Add the ProfileLines feature class from Brazos_RCMM.mdb to the map document. Click on Basic RCMM(Create profile lines as shown below: 
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Choose CrossSections for cross-section, Measure for measure field, ProfileLines for profile-lines, and Depth based option. Do not choose flow-based option, it is really slow. Let the default number (10) of flow regions unchanged. Click OK. 
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The process takes about 2-3 seconds to finish. Click OK at the final message.
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Save the edits. Open the attribute table for ProfileLines to look at the new attributes.
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Only one new attribute is added to the ProfileLines feature class, which is ProfileID. ProfileID indexes the profile lines from left bank (ProfileID = 0) to right bank (ProfileID = 2*number of flow regions +1).
Stop editing, and save the ArcMap document. Generation of thalweg, cross-sections and profile-lines complete the basic operations in with the RCMM toolset for creating the three-dimensional morphology of river channels. The following sections briefly describe how the three-dimensional channel representation can be used as an input to HEC-RAS.
HEC-RAS requirements
HEC-RAS requires four files as input: (a) *.prj file; (b) *.p01 file; (c) *.f01 file; and (d) *.g01 file.

A *. prj file is the project file that lists the extensions of other files and some default parameters. All the other files *.p01, *.f01, and *.g01 must be present in the same folder as *.prj.

*.p01 is the plan file that stores parameters like flow regime (critical/sub-critical/super-critical), time interval, flow distribution etc. necessary for flow simulations.
*.f01 is the flow file that stores the boundary conditions for flow analysis (flow and stage data)

*.g01 is the geometry file that stores the data related to reaches, cross-sections, bank lines, and structures. With regard to GIS input files to HEC-RAS, geometry file is the main file that is usually created by tools such as HEC-GeoRAS. The following sections described how RCMM can be used to create HEC-RAS files, especially the geometry (*.g01) file. 
Pre-processing of RCMM for generating HEC-RAS geometry file
The pre-processing for HEC-RAS requires only the Centerline and CrossSections feature classes. Turn-off or remove the other layers. The goal is to create a HEC-RAS model for the Brazos River between Richmond and Rosharon gaging stations. The centerline features can be used to create the HEC-RAS reach. The HEC-RAS reach must have the measures assigned to it from downstream to upstream. In addition, all the features in the centerline feature class form a single reach. Therefore, measures must be assigned to the centerline features collectively, and not individually, which means the measure value at the end of one line is the starting value for the next line, and so on. Select all the features in the centerline feature class, click on Processing Menu(Assign Ms to Reaches as shown below:
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Choose Centerline for input features, check Assign aggregate Ms to multiple features and Assign Ms in reverse direction options. Assign relative ms is not advised, if the measures are to be assigned for creating a HEC-RAS model because relative ms assigns measures as percentage and not as distance. Let the starting Ms be zero. 
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Click OK. The process takes about 2-4 seconds to finish.
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Click OK for the process completion message. Start an edit session with the modify feature task, and Centerline as the target. Zoom in on the most downstream feature in the centerline feature class as shown below: 
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Using the select tool, select the downstream feature, and click on edit sketch tool to see the edit sketch properties.
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Note that the starting point of the selected line has a measure equal to the length of the line (3299.285), and the end point has a measure equal to the zero (reverse measures). Check the edit sketch properties of other features to see continuity and how the measures are assigned. 
Close the edit sketch properties window, and stop the edit session. After the measures are assigned to the reach, the next step is to assign station numbers to cross-sections. Station number gives the location of each cross-section along the reach. The measures assigned to the reach can be used to assign station numbers to cross-sections.
Assigning Station Numbers to CrossSections

Click on Processing Menu(Assign Station Numbers as shown below:
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Choose Centerline for reach layer, HydroCode for reach identifier, and CrossSections for cross-section layer. In this exercise, the goal is to model the reach between Richmond and Rosharon gaging stations, and ideally the centerline layer should one feature per reach. Since the measures are assigned by aggregating all the reaches, multiple features in the centerline feature class is not be a problem.

[image: image62.png]Assign Station Numbers o CrossSet

-Reaches

Reach Laper [Certerine =
Rieach dentfie [HydoCode |

~Crass seclons

Crosssection Layer

0K | Cancel





Click OK. The process takes about 5-10 seconds to assign station numbers to cross-sections. 
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Click OK on the process completion message box. Open the attribute table for cross-sections to look at the new attributes.
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Two new fields are added, HydroCode and StationNo. HydroCode is the cross-section identifier that links the cross-section to reaches. For any cross-section that lies on a particular reach, its HydroCode is equal to the HydroCode of the reach. StationNo is the measure along the reach. HydroCode identifies which reach the cross-section belongs to, and StationNo identifies the exact location on the reach.
Assigning downstream distances to cross-sections

One last attribute necessary for creating a HEC-RAS geometry file is the distance between adjacent cross-sections. This can be accomplished by using the Assign Downstream Distances tool. Click on Processing Menu(Assign Downstream Distances as shown below:
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Choose CrossSections for cross-sections layer, HydroCode for reach identifier, and StationNo for station identifier. Click OK.
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The process should take about 15-20 seconds to finish. Click OK on the final completion message.
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Open the attribute table for CrossSections to see the new attribute, DistanceDS. DistanceDS stores the reach length between adjacent cross-sections on a reach. The last cross-section on a reach will have a DistanceDS = 0. 
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Close the attribute table for CrossSections. The RCMM cross-sections are now ready for export to a HEC-RAS geometry file via XML format. The XML format is adopted because it is generic, and can be used as input to other models. The data are, therefore, first converted to XML format, and then the XML file is used to create the geometry file for HEC-RAS. 
Creating HEC-RAS files from RCMM

Click on Data Import/Export(Cross-sections to XML as shown below:
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Choose Centerline for centerline layer, CrossSections for cross-sections layer, HydroCode for ReachID (both cross-sections and centerline), HydroCode for ReachCode, Name for RiverName, StationNo for station number, and DistanceDS for spacing. Save the output XML file as rcmm.xml as shown below:
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The process takes about a minute or so to finish. Click OK at the final message.
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Open the xml file from windows explorer to see the structure of the file. 
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The data are organized on reach-by-reach basis. First, the reach data are stored as x,y,z points, and for each reach, the cross-sections are stored, also as x,y,z points. 
After the XML file is created, the final step in preparing the data for HEC-RAS is creating the geometry file. In addition to geometry file, other files for HEC-RAS (project, plan, and flow file) can be created with the least information to load the project in HEC-RAS.
Click on Data Import/Export( XML to GeometryFile as shown below:

[image: image73.png][RCMM Toolbar:
BasicRCMM v Processing Menu ¥ |Data InportjExport ¥

Cross-Sectians to XML

Export SOF to XL

ProfiLines Lising FTable




Browse to rcmm.xml file for input, and name the output geometry file as rcmm.g01(specifying the extension is optional). Check the Create HEC-RAS files option. This will create the project file, flow file, and plan file for running HEC-RAS. All the files are created with the same name and are stored in the same directory.
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Click OK, and the file creation process should finish in about 5-10 seconds. Click OK on the process completion window as shown below.
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Opening RCMM in HEC-RAS
Open HEC-RAS, and click on File(Open Project.. as shown below: 
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Browse to rcmm.prj and click OK.
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With the rcmm.prj file, other files will be automatically added to HEC-RAS as shown below:
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Click on the geometric data editor[image: image79.png]


 to look at the cross-sections as shown below:
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Click on the cross-section editor to view RCMM cross-sections.

[image: image81.png]Ext Edt Options

Plot Help

River. [Brazos River -

red Channel Geometry

ApplyDatz

+ e Plot Options

E‘ g T~ Keep Prev XS Plots _Clear Prev

Resoh: [ 3553066

= Aiversta: 531573

=4[]

Descpton [Fov secton BT 75

[

Delfow | nsFow_|
05| Chamel | RO

i | Elovaion [a] [F098520 (6045524 (604 s52a

10 273 12

2130 1248 05| Chamel |_ADE

32683 12238 oos  [oois  Joots

o403 12124

EER] T2

Hlaa Ta0e LeftBark | _FightBark

7|8.068 11663 0 134,456

B[sa13 sz

sliozs 1t Cortiacion__|_Exparsion

ALY A T ] o

Elevtion (m)

14

Basic Project File  Plan: Basic Plan File
Cross-section=3315.735

Ground

Benk Sta

@ w0 s s o0 120
Station (m)

12577, 1051





Close the geometric data editor. Click on Edit(Steady Flow Data to see the flow data.
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RCMM creates only a basic flow file for HEC-RAS, and does not include any flow data or boundary conditions. The user is expected to enter the flow and boundary conditions data to run HEC-RAS. 
Manipulating boundary conditions and running HEC-RAS is not included in this tutorial. 
OK, you are done!!
If you have questions, or stuck with an error message, or suggestions on the tool, please send them to Venkatesh Merwade at vmmerwade_mail_dot_utexas_dot_edu.
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