FHAD Review Tools		7/31/2017
Introduction
This tool kit consists of several GIS plugins that can be used to review HEC-RAS FHAD models. The tools are setup to easily work with shapefiles created in HEC-GeoRAS or exported from HEC-RAS. Cross sections and channel alignment cut lines created with a different methodology may require adjustment of the default field names. Missing river and reach IDs will need to be added to shapefiles to allow some of the tools to be used. Missing cross section IDs will prevent most of the tools in this kit from working. As most HEC-RAS models are created using HEC-GeoRAS, missing attribute information is generally not a problem.
Many of the tools require some setup in GIS before the tool can be used. These tools were developed while actively reviewing FHAD models and decisions to create or improve a tool were based on the amount of time it would take to create a tool versus the amount of time the tool would save. As such, it was decided that any manual work currently required in GIS or Excel was more efficient than attempted to automate a given task. If a particular task is determined to be too labor intensive, e.g. adjusting the channel alignment for the ‘BFE Tool’, it is possible to automate any of the manual setup work with sufficient effort.
This tool kit consists of several files and folders as shown below.
[image: ]
All tools are stored in the ‘FHAD Tools.tbx’ toolbox, under the FHAD_Tools folder. They are most easily accessed from the Catalog within ArcMap. Catalog can be opened by clicking on the icon indicated below. Subdirectories in the FHAD_Tools directory contain scripts that are called from the toolbox and should not be moved or deleted. The parserasgeo directory contains a python library for reading and writing HEC-RAS geometry files. It is required and should not be moved or deleted.

[image: ]

All tools in this kit have help that is accessible by clicking the ‘Show Help >>>’ button circled below. 

[image: ]

Directions and descriptions of the tools in the kit are below. Any questions regarding the tools or errors encountered should be sent to mike.bannister@respec.com.

2019 Update for RAS Mapper
[bookmark: _GoBack]Cross section cut lines exported from RAS Mapper have different field names for the cross section station, river, and reach than those from GeoRAS.  The new field names are River_Stat, River, and Reach, respectively. The River_Stat field defaults to a string which is automatically converted to a number by the tools. Any text characters (e.g. a, b, c, d) in the River_Stat field will cause the tools to fail and will need to be removed from the station manually. 
All Geo Reviews
[image: ]
The ‘All Geo Reviews’ tool runs the IEFA, obstruction, and n-value review tools. A HEC-RAS geometry file and GIS cross section cut lines are required. Layer styling is automatically applied in GIS after the review lines are created. Due to the large number of possible n-values in a RAS model, some n-values may not have a style (color) automatically applied. It is recommended that the user open the Symbology tab in the ‘Layer Properties’ and click ‘Add All Values’ as shown below. Please note the Cross Section ID Field must be an integer or float, NOT a string.
[image: ]
BFE Tool
[image: ]
The ‘BFE Tool’ is used to place BFEs along a channel alignment. The tool will work for multiple HEC-RAS rivers and reaches. Water surface elevations (WSEL) are extracted from RAS using the summary output table in the format shown below.
[image: ]
Please note that the table should be ordered from downstream to upstream (HEC2 style) and only one profile may be used. The data should be copied from RAS (File -> Copy to Clipboard (Data and Headings)), pasted to Excel, and saved as a CSV file. The CSV can then be loaded into the tool as the ‘BFE File’ shown above.
Channel alignments need to have river and reach attributes that match the HEC-RAS model. Two operations will typically need to be performed on the channel alignment before it can be used to generate BFEs. Channel alignments are drawn from upstream to downstream in GeoRAS. The BFE tool requires that the alignments to be drawn from downstream to upstream. Additionally, the alignment needs to be cut-off or trimmed at the downstream-most cross section. Steps to prepare the channel alignment:
1. Create a copy of the channel alignment shapefile. Call this ‘align_bfe’ or similar.
2. Reverse the direction of the channel alignment. It is very easy to accidently move the channel alignment when editing. Be careful. Adding arrow heads the channel alignment can be useful to determine which direction the lines are oriented.
a. Begin editing the channel alignment in GIS[image: ]
b. Select the alignment with the editor arrow  [image: ]
c. Right click the alignment and select ‘Edit Vertices’
[image: ]
d. Green vertex handles should now be visible. Right click the alignment again and select ‘Flip’.
[image: ]
e. The red vertex handle that indicates the end of the line should now be on the upstream end. Press F2 to stop editing vertices.
f. While the alignment is still selected, use the split tool on the editor tool bar to split the alignment at the downstream-most cross section.  This will break the alignment into two separate lines. The use of intersection snapping is strongly recommended.
 [image: ] [image: ]
3. Repeat the above steps for each HEC-RAS river. Please note that only HEC-RAS rivers need to flipped and trimmed. Individual reaches that belong to the same river do not need to be trimmed.
4. Stop editing and save edits. The alignments should now be ready to use with the BFE tool. The same modified alignment can also be used with the ‘XS Location Test’ tool. It is recommend that the cross section reach lengths be checked before checking BFEs. This will also verify that the alignments have been modified properly.
IEFA Review
The ‘IEFA Review’ tool creates lines that show portions of cross sections that have ineffective flow areas (IEFA) in the HEC-RAS model. Review lines will be created on all cross sections with IEFA. Each line created will have an attribute ‘IEFA’ that can be ‘yes’, indicated an area has IEFA, or ‘no’, indicating an area that does not have IEFA. Additionally, the attribute ‘IEFA_El’ indicates the top elevation of the IEFA. It should be noted that IEFAs may have an elevation less than the ground surface, in which case all flow is effective, even though the review line indicates that the area is ineffective. This is common near culverts and bridges.
As ‘All Geo Reviews’ runs this tool and automatically applies layer styling, it is recommended that this tool not be used directly.
N-Value Review
The ‘N-Value Review’ tool creates lines representing Manning’s ‘n’ surface roughness values. The attribute ‘Mannings_n’ stores the surface roughness value from the HEC-RAS model. As ‘All Geo Reviews’ runs this tool and automatically applies layer styling, it is recommended that this tool not be used directly.
Obstruction Review
The ‘Obstruction Review’ tool creates lines that show portions of cross sections that have obstructions in the HEC-RAS model. Review lines will be created on all cross sections with obstructions. Each line created will have an attribute ‘Blocked’ that can be ‘yes’, indicated an area has an obstruction, or ‘no’, indicating an area that does not have an obstruction. Additionally, the attribute ‘Blocked_El’ indicates the top elevation of the obstruction. It should be noted that obstructions may have an elevation less than the ground surface, in which case the flow is not blocked, even though the review line indicates that the area is. 
As ‘All Geo Reviews’ runs this tool and automatically applies layer styling, it is recommended that this tool not be used directly.
Plot RAS Cross Section Extents
[image: ]
The ‘Plot RAS Cross Section Extents’ tool creates points along cross sections indicating the left and right water surface extents. It should be noted that the tool is blind to river and reach IDs and currently only draws extents based on cross section ID. Therefore, if there are multiple cross sections with the same ID, all extents with that same ID will be drawn on one cross section. This behavior could be corrected if desired.
Water surface extent information is extracted from HEC-RAS using the summary output table. The format for the table is shown below. Multiple profiles may be used.
[image: ]
A cross section shapefile with cross section IDs is also required. The ID attribute field is typically called ‘ProfileM’ if the model was created in HEC-GeoRAS. Please note that extents will be drawn in the wrong location if the cross section geometry in the shapefile does not match the geometry in the HEC-RAS model. Additionally, extents will be drawn in incorrect locations if cross sections have a skew applied or if the station of left-most cross section point is not zero (referred to as offset in this document). Cross section skew and offset is corrected for automatically if the HEC-RAS geometry file is provided. The geometry file is optional is not required for models without skew or offset.
This tool can also be used to generate bank stations locations using the same procedure described above. The HEC-RAS table format required to generate bank stations is shown below. Please note that only one profile is required for bank stations.
[image: ]

Top Width Check
[image: ]
The ‘Top Width Check’ tool is used to measure floodplain and floodway top widths at cross section locations. The output file consists of lines coincident with the cross sections that represent the top width of the floodplain being measured. It is recommended that the output file be placed in a file geodatabase so that the line lengths are automatically measured. If a shapefile is used for the output file the lengths must be calculated manually using ‘Calculate Geometry’. The output file’s attribute table can be copied and pasted to Excel to be compared to the HEC-RAS top widths. Steps for coping the attribute table:
1. Open the attribute table by right clicking on the layer and selecting ‘Open Attribute Table’
[image: ]
2. Select all rows by pressing Ctrl+A. All rows should become highlighted and the bottom status bar should indicate all rows are selected.
[image: ]
3. Right click any of the grey squares on the left side of the attribute table (circled in red) and selecte ‘Copy Selected’.
[image: ]
4. Paste into Excel or similar. 
The tool may not successfully determine the top width in several circumstances:
1. The floodplain does not intersect the cross section
2. One or both ends of the cross section is fully within the floodplain
3. The cross section is partially coincident with the edge of the floodplain
The tool will automatically detect cross sections that where not measured properly and will indicate these with the string ‘Error’ in the ‘Error’ attribute filed as shown below. The full width of cross sections with measurement errors will be copied into the output file. These top widths may be manually edited with the ‘Split Tool’ or by other means. It is recommend that intersection snapping be turned on and that floodplain extents be turned off when editing top width measurements.
[image: ]
XS Location Test
[image: ]
The ‘XS Location Test’ tool is used to visually verify that HEC-RAS reach lengths match the reach lengths between cross sections in GIS. It is strongly recommended that this tool be used before the ‘BFE Tool’ is run. Before this tool is used, channel alignments must be modified using the procedure described in the ‘BFE Tool’ section.
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