
This Document Highlights the Preprocessing Steps up to HydroDEM/NHDPlus tools in ArcGIS
For this example we will be using the following (preferred) projection
USA_Contiguous_Albers_Equal_Area_Conic_USGS_version
Projection: Albers

False_Easting: 0.000000

False_Northing: 0.000000

Central_Meridian: -96.000000

Standard_Parallel_1: 29.500000

Standard_Parallel_2: 45.500000

Latitude_Of_Origin: 23.000000

Linear Unit: Meter (1.000000)

Geographic Coordinate System: GCS_North_American_1983

Angular Unit: Degree (0.017453292519943299)

Prime Meridian: Greenwich (0.000000000000000000)

Datum: D_North_American_1983
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Tools

1. Obtain a copy of the StreamStatsTools and the NHD/WBD Preprocessing Tools.  (in reference to the StreamStats tools, this document reviews the Setup tools, NED Tools and TopoGrid tools).  ** please contact the instructors on the latest link for obtaining these tools and instructions on their use **

2.  Add both the tools to the ArcToolbox
Verify WBD HUC8 Boundaries
The WBD HUC8 boundaries (or whatever dataset that is being used for the outer containers) needs to be verified and stable before proceeding to any of the other steps.

** If at any point throughout the process the HUC8 boundaries are updated all of the steps will need to be re-run, so eyeball the boundary with NHD to be sure that intersections between the 2 datasets are legitimate in order to verify the WBD.  Make sure that any modifications to a HUC8 boundary are made to the master copy that has all HUC boundaries in your State (to account for changes to the adjacent HUCs that would be affected) Coordinate with the WBD state stewards on any WBD updates that should be incorporated into the national WBD dataset. **
Setting up the Data Structure

1. Create a new output workspace where all of the outputs will be stored. This should be a new folder/directory.
2. Other datasets needed
a. NHD

i. The tools require you to use the prestaged NHD by subregion in file geodatabase format.
ii. Recommend downloading all of the NHD subregion file geodatabases for the area covered by the StreamStats effort
b. WBD

i. The Database Setup tools will use this dataset to divide out the individual subbasin workspaces.
1. Decide if the study area should be by subbasin, basin, subregion or state. 

2. Divide the WBD into separate feature classes for your chosen extent.

ii. These new feature classes need to be in the working projection.
c. Elevation Dataset (NED 10m)
i. Recommend obtaining the NED for the whole US. The first step in the NED processing tools is to create an NED index that will be used for each area worked on.  Once the index is created on the whole US, this step will not need to be run again, as long as the data remain in the same place.
3. Open up the 1_Setup Tools under the StreamStatsTools toolbox
4. Double click on A. Database Setup 
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a. Output Workspace: This is the folder/directory in which all of the output data will be stored
b. Main ArcHydro Geodatabase Name: 

i. Name the file geodatabase output to be created in the Output Workspace. 

ii. This geodatabase will hold the huc dataset and NED raster catalog

c. WBD Dataset:
i. Select the WBD dataset for the area being processed.
ii. NOTE: The WBD dataset MUST be projected to your intended final projection as the projection of your input WBD dataset is propagated through to each subsequent dataset.
d. HUC 8 Field: HUC_8

e. HUC 12 Field: HUC_12

f. HUC Buffer Distance (m):  recommended either 2000 or 5000 meters
g. Input NHD Workspace:

i. Path to extracted 4 digit 1:24K NHD in file geodatabase format.
ii. These datasets should be in Geographic projection.

iii. These files can be downloaded from thie following location, then unzipped: ftp://nhdftp.usgs.gov/SubRegions/High/FileGDB/
h. NED Projection Template:

i. Select a NED dataset to use as a projection template to create a NED clipping buffered dataset. Will most likely be in Geographic.

5. Select OK to run
6. After the tool has run there will be a separate folder for each subbasin (HUC8) within the Output Workspace along with an Index geodatabase that will be used later.
Workspace Schema


1. Because of specific processes it is important that the workspace be set up in a specific way. 
a. Folder:  Named the 8 digit HUC number (i.e. 16010102)
b. Folder: Layers (this is where all raster and grid datasets will be stored)
c. File Geodatabase: input_data.  ** if running the NHD/WBD Intersect Tools from Python, only one geodatabase can exist in that folder **
i. Feature Dataset: Hydrography 

1. NHDArea 

2. NHDWaterbody

3. NHDFlowline (This is the dataset that will be edited if any edits are needed to the NHD.)
a. There are 2 new fields within the NHDFlowline attribute table to track changes and to track what need to be submitted to the NHD State Steward.
4. NHDFlowline_orig – This is a copy of the original NHD to be used for reference only. Do Not Edit this version.

ii. Feature Dataset: Reference 
1. Anything created as a reference dataset but not required for HydroDEM/NHDPlus processing will be stored in this feature dataset. 
iii. Feature Class: huc12 

iv. Feature Class: huc8
v. Feature Class: huc8_buffer
vi. Feature Class: huc8_buffer_dd83
vii. Feature Class: inwall_edit – This is the HUC dataset that can be edited. When 1st developed will only contain the WBD HUC12 arcs but can be updated with local boundaries

viii. Feature Class: outer_wall – This dataset represents the HUC8 boundaries and should not be updated. ** NOTE: If at any time during the processing of the WBD and NHD the outer_wall lines that correspond to the HUC8 boundary are changed all processes that are based off of the huc8 feature class will need to be re-built or re-run. If the HUC8 boundary has been updated, make sure the edit also gets back into the working version of the WBD that you are using so that any adjacent subbasins also have the edit. **
ix. Feature Class: sinkpoint_edit
NHD Pre-Processing

(For HUC8 units that are along the border of a HUC4 <subregion> boundary)

1. Open ArcMap
2. Add the NHDFlowlines and huc8 feature classes from the input_data geodatabase into a mxd.
3. It is important if the working subbasin is along a subregion boundary to verify that the NHD dataset includes all stream networks that reside within the 24K WBD subbasin. 
4. Add in adjacent NHD dataset and use a different symbol from the working NHD dataset.

5. Visually check to see if these adjacent NHD subregion datasets include any hydro features that should be included in the working unit.

6. Copy and paste any units that are in the wrong NHD datset into the working dataset

7. Save Edits and Exit ArcMap
8. If you edited NHDFlowlines, rebuild geometric network on updated NHDFlowline using NHD Network Builder part of the NHD Utilities from the (which must be obtained from the StreamStats Team or an NHD Steward/POC) ** Before rebuilding geometric network the old Hydro_Net (Geometric Network) must be deleted from the Hydrography feature dataset **

a. Start

b. All Programs

c. NHDUtilities

d. NetworkBuilder
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e. Browse to NHDFlowline Feature Class

f. Select Flowline feature class

g. Build Network

DEM Pre-Processing

(10 meter NED used for this example)
1. Open ArcMap

2. ArcToolbox

a. Open up the 2_NED Tools within the StreamStatsTools toolbox.

i. Run A. Make NED Index (Will only need to be run once if doing for whole state or work area)
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b. Output Geodatabase: Index geodatabase created during the database setup step
c. Coordinate System: GCS_North_American_1983 (Import this from one of the NED rasters. Note all of them should be in the same coordinate system.) 
d. Input NED Workspace: Location where the NED tiles reside
3. Run B. Extract Polygon Area From NED
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a. Output Workspace: Layers
b. NED Index Polygons: IndexPolys
c. Clip Polygon:  buff5000geo
d. Output Grid: dem_dd (stored in Layers)
4. Run C. CheckNodata
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a. InGrid: dem_dd
b. OutputPolys.shp: NoData.shp (stored in Layers)

c. OutPolys.shp: The NoData.shp shapefile will be added to the arcmap session. If there are internal areas of NO Data (value 1) then run step D. Fill NODATA Cells. If there are no internal areas of No Data skip step D., and go to step E. Project and Scale NED
5. Run D. Fill NODATA Cells (Do only if Step C shows it is needed. This can be run more than once. Each time the NODATA area will be nibbled away by one cell in each direction. If NODATA areas are more than a few cells wide, you may need to go to another source to get data to fill in the gaps. )
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a. InGrid: dem_dd (If running again, use output from previous run here.)
b. OutGrid: dem_dd_fill (stored in Layers) (If running multiple times, add numbers to make unique grid names. Use last one as input to next step.) 
6. Run E. Project and Scale NED
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a. Input_Workspace: Layers
b. Input  Grid: dem_dd or dem_dd_fillx (if there was no data)

c. Output Grid: dem_raw
d. Output Coordnate System:  USA_Contiguous_Albers_Equal_Area_Conic_USGS_version

e. Output Cell Size: 10
f. Registration Point: Leave the default of 15 15
** Setting the Registration Point to this when using Albers Equal Area will align the DEM to the NLCD (30 meter dataset) which is used for basin characteristics. Note in earlier workshops we used 0 0 for the registration point. You need be consistent with all your hucs and use the same value for this every time. 
** Snap to this DEM dataset whenever doing any type of raster processing.  Set snapping in Environment settings->General Settings under each tool that is used where snapping is needed. **
Editing Rules
1. inwall_edit can be modified. 
2. NHDFlowline features can be trimmed, or deleted, and added, but not reshaped or moved. 
a. Keep track of updates in the Comments field within the NHDFlowline attribute table. Note any updates that need to be provided to the NHD State Steward.
3. If arcs are added to connect upstream features to mainstem features, make sure they are facing in the proper direction (in these cases, upstream features may need to be flipped, turn on arrows to determine flow)
4. Inlets from upstream HUCs need to be trimmed back on both sides of the divide to at least a 3 cell distance (typically 30 meters).  
5. Editing tip for modifying an inwall_edit: turn snapping on for vertex, edge and end, select feature using the edit tool, task set to ‘reshape feature’ (or ‘create new feature’ if the feature connects to 2 different features), use the sketch tool and left click to start, enter modification, double click to end (old piece gets deleted if reshaping a single feature)
6. All inwall_edit arcs must snap to the outer_wall.

______________
** While performing the following steps make sure the NHDflowline and any new NHDFlowline features are facing in the proper direction. If not, features should be flipped. Please keep track of features that were flipped to feed back to the NHD **
 ______________

Finding Initial Disconnected NHDFlowlines to assist in the Next Step of Finding Loops and Braids
1. Open ArcMap
2. Add the NHDFlowline, NHDArea, and NHDWaterbody to the ArcMap session. 
3. Find disconnected networks by using the Utility Network Analyst Toolbar
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5. Set up format so that results will be selected for export

a. Analysis

b. Options

c. Results
d. Results format

e. Selection

6. Place flag using Add Edge Flag Tool at main outlet of the NHDFlowline

7. Hit the “Solve” button (on the right end of the toolbar)

a. This will select all of the disconnected networks from the mainstem.

8. Export selected data as a new feature class called disconnect_initial in the Reference feature dataset.
9. Add disconnect_initial to ArcMap session
10. Remove all features outside the HUC boundary in the disconnect_initial feature class (it is not necessary to work with these).  The easiest way to do this is to add the HUC8 feature class (from the ‘input_data’ geodatabase of the working archydro folder) and use it to select the disconnect_initial features by location.  Switch the selected set (which will select all features outside the boundary) and delete.
Removing Loops and Braids 
From NHDFlowline
1. Find loops in NHDFlowline using the Utility Network Analyst Toolbar 
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2. Set flags using Add Edge Flag Tool at main outlet and at the outlets of each disconnected network (use the disconnected_initial to find these locations)
3. Trace Task: Find Loops
4. Hit the “Solve” button (on the right end of the toolbar)

a. This will select all of the braids and loops within the network

b. If there are multiple outlets (coastal HUCs & state boundary clipped HUCs could qualify) you can select all features of interest at one time by flagging all outlets before running the trace
5. Export the selected data to it’s own feature class (braids_l) within Reference feature dataset
6. Convert braids_l line feature class to polys using 
a. ArcToolBox 
b. Data Management Tools 
c. Features 
d. Feature to Polygon (name = braids_p)
7. Zoom to each braid and edit NHDFlowline (with flow arrows on) using DRGs or imagery as base layers.  Delete features from NHDFlowline that:

a. Represent the lesser amount of flow in the braid according to the DRG
b. Represent a headwater split going in 2 directions such as overbank flow. 
i. For headwater splits you may want to delete only a portion of the line to disconnect the loop. Use the inwall_edit to decide where the line should be split and to know which portion to delete.

c. Be sure to maintain upstream connectivity after deleting the feature and try to honor flow direction
8. Continue to check for loops and braids
Checking Connectivity of Network
1. Zoom into each feature of the ‘disconnect_initial’ dataset and check for flow direction and whether or not the given disconnected network should be connected to the mainstem network

2. Connect the features by adding a new line in the NHDFlowline feature class where the NHD appears like it should be connected based off imagery and the DRGs.
i. Remember to note in the comments field that a line was added

b. May be cases where the NHD did not pick up a culvert running through a city or under a road or where the DRG shows a wetland without an obvious channel separating an upland network from a main stem stream network.
c. When adding in new features be sure to digitize them in the direction of flow, so that they are pointing downstream.
3. After adding in a new line set the flow direction of the line so that it participates within the network (this can be done at the very end of this section, after adding/modifying all features).
a. ArcHydro Tools

b. Network Tools

c. Set Flow Direction
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d. Select NHDFlowline
e. Select Flow Direction: With Digitized Direction

f. OK
** At some point, you may need to exit ArcMap and rebuild the network **
4. Using the Utility Analyst Toolbar, run a trace from the outlet(s) and check for remaining disconnected arcs and arcs oriented in the wrong direction (trace task = Trace Upstream). To complete this step, run a ‘switch selection’ on the selected set

5. Zoom to locations where the network is broken (at this stage, you should be primarily focusing on mainstem arcs oriented in the wrong direction).  Select and ‘Flip’ these arcs.  
6. Repeat the process of checking for connectivity (rebuilding network, etc) until satisfied with the network

7. If TopoGrid is not being run remaining disconnected networks can be left in the dataset

8. If TopoGrid is being run, remove the remaining disconnected features from the NHD flowline feature class (unless you are sure the disconnected line features are oriented downstream) and put into a separate ‘unconnected’ feature class (which can then be used during the burning process).
i. Select disconnected features

ii. Export to new Featureclass “unconnected”

iii. Delete from NHDFlowline.

9. May need to do a final check on braids if any added networks contained them upstream
10. Extend the outlet(s) at least 50 meters beyond the huc8 boundary

11. Use the buff50 feature class as a reference.

Checking for NHD/WBD Intersections
WBD (inwalls)/NHD prep 
The steps below are performed in order to get the hydro network and basin boundaries to agree.  In other words, to make sure each basin has a single outlet and that streams and boundaries do not overlap in odd places.  Instances where the NHD and WBD (inwalls) intersect or are too close to each other becomes a problem during the walling and burning process.  If the NHD is within a cell size from the WBD a false outlet is created.
A tool and Python script (use the tool for 9.3.1. sp. 1 or higher) have been developed to create two new polygon Feature classes called nhd_inwall_intersect and nhd_outwall_intersect within the Reference feature dataset.  All rasters created during this process will be snapped to the NED dataset created during the DEM Pre-Processing and stored in the Layers directory.
ArcGIS 9.3.1 sp. 0

Copy streamstats script for python into the working directory that contains the file geodatabase and Layers folder. Run the script from either python or Pythonwin.
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ArcGIS 9.3.1 sp. 1 or higher
1. Open up the NHD WBD Intersect Tools
a. Double Click on StreamStats NHD WBD Intersect 
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b. Local Workspace  = Subbasin folder

c. Location Raster Datasets = Layers folder

d. Working File Geodatabase = subbasin file geodatabase

e. NHDFlowlines = NHDFlowlines
f. Inner Wall Dataset = inwall_edits
g. Outer Wall Dataset = outer_wall
h. Snap Raster Dataset = NED dataset that covers the extent of  the subbasin 

i. OK

Below are the basic model and a list of steps that the script performs
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Creates a new domain within the Geodatabase (dom_InwallEdits)

Used for inwall verification and is applied to output polygon dataset.

1 - not reviewed
2 - outlet – reviewed and fixed

3 - nhd needs edit 
4 - nhd has been edited (split, deleted, added to working copy of NHDFlowline)

5 - wbd needs to be adjusted
6 - wbd has been adjusted

· Buffer inwall_edit by 15 meters (inwall_buff15)
· Buffer outer_wall by 20 meters (outwall_buff20)

· Convert inwall_edit, inwall_buff15, outwall_buff20 and NHDFlowlines to Rasters (inwall_g, inwallbuff_g, outbuff_g, nhd_g) 

· To find the intersections of the raster NHDFlowline dataset and buffered Inwalls and Outer walls
· Single Output Map Algebra

· intersect_g = con (inwallbuff_g & nhd_g, 1)

· outint_g = con(outbuff_g & nhd_g, 1)

· This will create a new grid dataset of just locations where the inwall grid and nhd grid co-exist. (intersect_g and outint_g)
· Convert the new intersect_g  and outint_g to a polygon feature class in the Reference feature dataset. (nhd_inwall_intersect and nhd_outwall_intersect)
· Add a new field called review_code (dom_InwallEdits applied)
· Calculated new field = 1 (not reviewed)
2. Open ArcMap

3. Add the NHDFlowlines, inwall_edits, outer_wall, nhd_inwall_intersect, nhd_outwall_intersect (also any DRG’s , hillshades or imagery needed as reference. May also want the buffered inwalls or the raster datasets).
4. Change the symbology for the nhd_outwall_intersect to reflect review_code. This will help keep track of where intersects have been reviewed, addressed or still need to be addressed.
a. Layer Properties
b. Symbology

c. Categories
d. Unique values
e. Value Field: review code
f. Add All Values
5. Start editing
6. Zoom in to each record within the nhd_outwall_intersect.
7. Evaluate whether the NHD or the WBD needs to be fixed and use the review_code field to track edits.
8. If the WBD appears wrong coordinate with the WBD state steward on updates (edits will  be made in the inwall_edit or outer_wall feature class)
9. If the WBD is edited change the review_code from not reviewed to ‘wbd has been adjusted’
10. If the WBD has not been updated but still needs coordination for a possible update change the review_code to ‘wbd needs to be adjusted’
11. If the NHD appears wrong clip out portion that is wrong and add new updated line to the working copy of the NHDFlowline feature class.
12. Change the review_code from not reviewd to ‘nhd has been edited’
13. If the WBD and NHD both look correct clip out the section of the NHD that intersects the polygon intersection.
14. If the outer_wall feature class was updated, the huc8 feature class will need to be rebuilt and any datasets/processes based off of huc8 will need to be rebuilt or rerun.
15. Trim back any true inlets beyond the nhd_outwall_intersect cell width
16. Repeat with the nhd_inwall_intersect
17. Once all of the intersections have been addressed it might be a good idea to re-run the script and do a quick check of resulting intersections to make sure that there is only one intersection per hydrologic unit at the outlet. 
Creating a Sinks Point Layer for use in HydroDEM
(We will develop a tool to automate this process. At this time we recommend you ask us before spending a lot of time with this procedure to find sinks. The automated process should be much less labor-intensive.)

The following process will create a polygon feature class of locations where sinks occur within the subbasin. This will allow for an artificial drain to be burned into the elevation dataset when the NHDPlus tools or HydroDEM processes are run.

1. Open ArcMap 
2. Add elevation dataset (NED), huc12 feature class, NHDFlowline, NHDWaterbody, NHDArea, and sink_point feature class
3. Add the Pixel Inspector to the map (used to help locate the lowest point)
a. Tools

b. Customize

c. Command

d. Raster

e. Drag the Pixel Inspector to one of the toolbars
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4. When the Pixel Inspector is turned on a table with pixel values appears

a. Hold down the right button while hovering over a cell in the mxd.

b. The pixel inspector will show the value for that pixel as well as all of those around it. The cell that is bolded in the pixel inspector table represents the cell that the pointer is hovering over.


5. Convert NED from floating point to integer (If you use the Project and Scale NED tool, it should already be integer.)
a. ArcToolbox

i. Spatial Analyst Tools

ii. Map Algebra
iii. Single Output Map Algebra

iv. Set Environments
1. Click on Environments button at bottom of  tool
2. General Settings

a. Current Workspace 
i. Set to the Layers folder

b. Snap Raster set to elevation dataset
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6. May need to build the Raster Attribute Table for the integer grid dataset, depending on the number of unique values.
7. Before building Raster Attribute Table make sure that the number of values that the raster table can contain is large enough for the raster dataset

a. Tools (from the Main Menu in either ArcMap or ArcCatalog)
b. Options
i. Raster

ii. Raster Attribute Table

1. Change the value from the default 65,535 values to at least 10,000,000

2. If this value doesn’t work may need to increase to an even larger number.

c. ArcToolbox

i. Data Management Tools

ii. Raster

iii. Raster Properties

iv. Build Raster Attribute Table
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d. Input Raster will be the integer grid
8. WBD Closed Basins

9. Select out huc12 polygons that are Closed Basins.
10. Run zonal statistics to get the minimum value for each polygon.

a. ArcToolbox

i. Spatial Analyst

ii. Zonal 
iii. Zonal Statistics as Table
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11. Input raster or feature zone date : huc12 polygon

12. Zone field: HUC12

13. Input value raster: elevation dataset (NED)

14. Output table: zonalstats.dbf (stored in Layers folder)

a. This will create a table that lists each zone and their assosicate statistics including minimum elevation.

15. Start editing the sink feature class

16. Zoom to a closed basin

17. Find the Minimum and Maximum elevation for that zone (from the statistics table) and symbolize the NED accordingly so that the minimum value is easier to zoom in on.
18. Add a new point feature to the sink_point dataset in the middle of the cell representing the lowest elevation.

19. Repeat the last 3 steps with any other closed basins within the working area.
20. Other Sinks

21. There may be instance where there are multiple closed basins within a huc12 or where there is a minor sink within what is normally considered a standard (classic) huc12/watershed.

22. Symbolize the NED in such a way that the lowest points can be identified.

23. Used the pixel inspector to help locate the low point where the sink should be placed.
24. Add a new point feature to the sink_point dataset in the middle of the cell representing the lowest elevation in either the closed basin or sink.
25. Once all the sinks have been identified and added to the sink_point feature class covert to polygon that is snapped to the NED.
26. ArcToolbox

a. Conversion Tools

b. To Raster

c. Point to Raster

d. Set snapping to NED

i. Environments

ii. General Settings

iii. Snap Raster: Projected NED dataset (ned10_g, or ned### (where ### is subbasin number)
iv. OK
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e. Input Features: sink_point

f. Output Raster Dataset: sink_g (in the Layers folder)

g. Cellsize: 10

h. OK

27. Next convert the resulting grid to a polygon feature class called sink

a. Conversion Tools

b. From Raster

c. Raster to Polygon
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d. Input raster: sink_g

e. Output polygon features : sink (goes in Hydrography feature dataset)
f. Uncheck simplify polygons
TopoGrid (optional)

The optional TopoGrid step can be used to ‘drainage enforce’ the source DEM prior to ‘burning’.  It should be used in situations where:

·  Sections of the source DEM are not of great quality or 
·  In very flat areas. 

 TopoGrid is a computation-intensive process, and requires a souped-up amount of computer resources, including a bumping up of the system environment variable ‘GRIDALLOCSIZE’ (example below):
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Once this system variable is set, the StreamStats tool ‘TopoGrid’ can be run.  Most input values are well defined.  VIP percentage (the last value) should be set at 30 or 40 percent.  If the program bombs, the HUC can be broken up, using grouped 12-digit HUCs as sub boundaries.  The output results can then be pieced back together once each section is processed.
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