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1 REQUIREMENTS 

1.1 Software 

1.1.1 ESRI ArcMap 

The Healthy Estuaries 2020 Toolbox (HET) has been developed using ESRI ArcMap 
software and will work with version 10.1 and later. 
 
http://www.esri.com/software/arcgis/arcgis10 
 
The toolbox requires extensions: 
  

• 3D Analyst 
• Spatial Analyst 

 
1.1.2 Microsoft Excel 

The tool links to data stored within an Excel file. The tool requires Microsoft Excel 2010 
or later. 
 

1.1.3 Third Party Tools 

The toolbox uses the ET Geo Wizard application to perform a number of the 
geoprocessing tasks.  
 
The tool is designed to work with version 10.2 of ET Geowizards and can be bought 
from http://www.ian-ko.com/. Follow installation instructions from the supplier. 
 

1.2 Data 

Name Description Format 
AIMS 
(Asset Information 
Management System) 

Man Made Defences ESRI Shapefile 

Bathymetry Topology of the estuary floor – best 
resolution available 

ESRI Grid or 
ASCI 

LiDAR Topology of the terrain ESRI Grid or 
ASCI 

Saltmarsh  Spatial Location of Saltmarsh ESRI Shapefile 
Geology Layers of geology for analysis. 

(http://www.bgs.ac.uk/data/services/wms.ht
ml) 

WMS (web 
mapping 
Service) / ESRI 
Shapefile 

Tidal Datum’s Location and level of tidal ranges (Mean 
High Water Spring tide, Mean High water 
Neap Tide and mean Low Water Spring 
Tide. 

ESRI Point and 
Text 

Error! Reference source not found.- 1 - 
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 2 INSTALLATION 

2.1 Files  

Make a copy of the file below to a folder on your network or local computer e.g. 
‘E:\Healthy Estuaries 2020\Humber Estuary’. 
 

 
2.2 Toolbox 

The HET tool has been developed as an ESRI ArcMap Toolbox to add the HET toolbox 
to your existing toolboxes  
 

1. Opening ArcMap.  

2. Open Toolbox  
3. Add Toolbox by right clicking on ArcToolbox and selecting Add Toolbox… 
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4. Navigate to the toolbox location and open. 
 

 
 

5. The toolbox should be displayed in the ArcToolbox Directory as Healthy Estuary 
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 3 DATA PREPARATION 

3.1 Bathymetry and LiDAR 

To undertake the analysis the HET tool requires a topographic surface which 
incorporates the bathymetric data along with terrain, so those areas with a tidal range 
that is larger than the bathymetric datasets. The tool does not combine these two 
datasets so this needs to be undertaken before running the toolbox. 
 
The HET toolbox requires the combined bathymetry and terrain data to be in either an 
ASCII grid or an ESRI grid format. Bathymetric points can be converted into a grid using 
ESRI 3D Analyst to create a TIN (Triangulated Irregular Network) and then converted 
from a TIN to a Grid. See ESRI.com for further help. 
 
The data needs to be to Ordnance Datum and in metres. 
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4 RUNNING THE TOOLBOX 

4.1 Toolbox Usage 

The HET toolbox is made up of 10 models; each model requires a user input / data and 
will output into a central file store and needs to be run in order. 
 
To run the toolbox, double-click the tool within ArcToolbox and select the model which 
needs to be run. 
 

4.2 Model 1 – Create Geodatabase 

This tool creates a blank ESRI geodatabase in a user selected directory with predefined 
tables to be used in future models. Use the same directory you stored the toolbox, Excel 
file and dbf file in. (Section 2.1) 
 
The geodatabase will act as the central storage location for the temporary and final files 
of the process. 
 

1. Double-click the ‘1. Create Geodatabase’ model. 
 

 
 

2. Under ‘Save GDB Location’, enter your selected storage location, e.g. 
E:\Healthy Estuaries 2020\Humber Estuary. 

3. Under ‘File GDB Name’, enter the name of the geodatabase, e.g. for the 
Humber Estuary enter Humber. 

4. Click OK to run the model. 
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5. A geodatabase will have been created in the folder selected. 
6. To check the tables have been created view the geodatabase in your 

ArcCatalog window 
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4.3 Model 2 – Tidal Level Extents 

Model 2 creates tidal water level grids of the estuary for: 
 

• Mean High Water Spring Tide; 
• Mean High Water Neap Tide; and 
• Mean Low Water Spring Tide. 

 
The water level surface grids are used to determine the model extents. 
 

1. Identify the location of the tide gauges within the study area. 
2. If required add the locations to the map.  

 

 
 

3. Add the Waterlevel_Sections file created from Model 1 into the workspace and 
start editing. 
 

 
 

4. Create lines perpendicular to the watercourse at each of the tidal datum 
locations (red lines). Note that as locations of convergence the lines need to  
cross both watercourse (See Blacktoft) 

5. Add additional perpendicular lines to the end of the model extent if these extents 
are not the same as your tidal datum. These lines will be used to produce a TIN 
of the water levels; as such the arrangements and extents of the lines should 
cover the entire model. 
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6. Open the attributes of the lines and populate the Name (optional), MLWS, 
MHWN and MHWS data to mOAD. 
 

 
 

7. Stop editing 
8. Double Click ‘2 – Tide Level Extents’ within the toolbox. 
9. Add the Geodatabase Location (same as before) 
10. Add the Location of your bathymetry grid. 
11. Click Ok. 
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12. The below represents the extents created in the geodatabase as; 
• MLWS 
• MHWN 
• MHWS 
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13. The tidal extents are typically larger than required, with low lying land from the 

bathymetry and LiDAR being included. To limit the analysis, the AIMS defence 
data can be used to clip the polygons. 
 

 
 

4.4 Model 3 – Create Sections 

This stage of the model creates the section lines which are used as part of the tidal 
prism calculations and the profiles of the estuary. 
 
The automatic process does require user verification as described in Section 4.3 of the 
main report. 
 

1. Add the Centreline file generated from Model 1 into the map and start editing.  
 

 
 

2. Draw the approximate centrelines of the river, starting from the Upstream Extent 
/ Tidal limit down to each confluence. 

3. At each confluence draw another centreline down the river to the confluence 
point and meet the previous line.  

4. Do this for all centrelines required for the estuary 
5. Attribute up the centrelines in order as in the example below using the 

Centreline Reference field. 
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6. Open ‘3 – Create Sections’ and add in the geodatabase location. 
7. The tool defaults the distance to 200m and a width of 1000m. These values are 

for a typical estuary, for the Humber these numbers had to be increased to a 
distance of 1000m and a width of 5000m. The distance field needs to be a 
multiple of 100m.  
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8. Add the resulting ‘Section’ file from the geodatabase to the map and the MHWS 

polygon. 
 

 
 

9. The section lines need to meet a number of criteria. To meet these criteria the 
section line may require editing.  Start editing the ‘Sections’ file. 

10. Extend the sections to the width of the MHWS file, ensuring the centre point is 
not moved. In the example below the black line is the ordinal section line, which 
has been extended to the make the red line. 
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11.  Rotate the lines to follow the course of the estuary. 

 

 
 

12. Shorten the section lines which cross back onto the estuary; section lines can 
cross outside the MHWS location 
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 13. Remove all redundant sections or duplicates (red lines). 
 

 
 

14. For each confluence a confluence extent will need to be created, this is achieved 
by removing sections to form an extent similar to the one shown below. 
 

 
15. Once all edits have been made, review the ‘Number’ field to ensure the order is 

correct. 
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4.5 Model 4 – Clip Sections 

This section of the model uses the Sections created from Model 3 and then clips them 
based on the tidal water levels from model 2. The resulting files are then used to 
generate the direction of the section, length of the section and the centre point of the 
section, x and y. 
 

1. Open ‘4. Clip Section’ model from the toolbox and add the geodatabase. 
2. Click ‘OK’ 

 

 
3. The resulting files are loaded into the geodatabase and the output files are 

created in the same directory as the geodatabase. 
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 4. The resulting files will be stored in the geodatabase and dbf files stored in the 
root directory called Section_Widths.dbf, Section_Direction.dbf and 
Section_Centre_Points.dbf. 
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4.6 Model 5 – Section Area 

Model 5 calculates the depth at every metre along the sections using the bathymetry 
grid. The resulting files are then used to create area sections. 
 

1. Open ‘5. Section Area’ model from the toolbox and add the geodatabase 
location. 

2. Select the MWHN_CrossSections from the geodatabase, click ‘Ok’.  

 
 

Point at every metre along the MHWS Cross Section Line 
 

3. The resulting files will be stored in the geodatabase and a dbf file called 
Section_Values.dbf will be created in the root directory. 
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 4.7 Model 6 – Tidal Prism Grid 

Model 6 generates the tidal prism grid; this is a merge between MLWS and the 
bathymetric data. 
 

1. Open Model ‘6. Tidal Prism Grid’ from the toolbox. 
2. Add the geodatabase name, the rest of the files required will be generated from 

the previous model outputs. 
 

 
 

4.8 Model 7 – Tidal Prism 

This stage of the model uses the tidal prism grid created in Model 6 and the section lines 
produced as part of Model 4 to create the tidal prism polygons.  
 

1. Open Model 7 from the toolbox and add the geodatabase path. All other files will 
be used from previous model outputs. 
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4.9 Model 8 – Tidal Prism Calc 

Model ‘ 8. Tidal Prism Calc’ uses the MHWS and the section lines to produce polygons 
to clip the tidal grid into individual files for each section extent. 
 

1. Open Model 8 from the toolbox and add the geodatabase path. All other files will 
be used from previous model outputs. 

 
Tidal_Polygon layer coloured on the Section Number. 

 
2. Use ‘Tidal_polygon’ file to review that each section has created a unique 

polygon for each location. If required clip and rename the appropriate polygons 
to the downstream section. 
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 4.10 Model 9 – Tidal Prism Volume 

Model 9 uses the individual grids produced from Model 8 to calculate the tidal prism 
volume. The results are added to the AllVolumes.dbf file located in the route directory. 
 

1. Check that template AllVolumes.dbf file is empty by reviewing the file in 
ArcCatalog. 

2. Open Model ‘9. Tidal Prism Volume’ in the toolbox and add the geodatabase 
location. All additional files have already been created. 

 

 
 
Example of AllVolumes.dbf 
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5 RUNNING THE EXCEL TOOL 

5.1 Excel Tool Usage 

The Excel Tool is a Microsoft Excel 2010 macro-enabled workbook that uses the output 
files from the HET tool to calculate the predicted equilibrium depths and widths for each 
section within the estuary. 
 
The Excel tool outputs this data as text files which are then visualised within ArcMAP. 
 
To run the toolbox, double-click the tool, ‘Healthy Estuary Tool.xlsm’ located in the 
directory created in Section 2.1 (e.g., ‘E:\Healthy Estuaries 2020\Humber Estuary’), from 
within Windows Explorer. 
 
When opening the Excel tool for the first time the following message may appear. 
 

 
 
This is normal for Excel workbooks containing macros, so click ‘Enable Macros’ and the 
tool will open to display the configuration page. 
 

 
 
When the Excel tool is opened on subsequent occasions a yellow ‘Security Warning’ bar 
may appear at the top of the screen. 
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Again, this is normal for Excel workbooks containing macros, so click ‘Enable Content’. 
 

5.2 Configuration Tab 

The Excel tool needs to be configured before being used so that it knows the locations 
to use for the import and export files and also what parameters to use in the Lacey and 
Regime equations. 
 

5.2.1 Import Directory 

The import directory is the location of the output files from the HET tool. To add the 
location click the ‘Select’ button next to the Import Directory field on the configuration 
tab. 
 

 
 
The following ‘Browse for Folder’ window will appear. Navigate to the required directory, 
click on it and then click ‘OK’. 
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The path to the selected directory will appear in the Import directory field. 
 

 
 

5.2.2 Import Files 

The import Files section is pre-populated with the default filenames created by the HET 
tool. These will only need to be modified if the output files from the HET tool change. 
 

5.2.3 Export Directory 

The export directory is the location for the output files from the Excel tool. To add the 
location click the ‘Select’ button next to the Export Directory field on the configuration 
tab. 
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The following ‘Browse for Folder’ window will appear. Navigate to the required directory, 
click on it and then click ‘OK’. 
 

 
 
The path to the selected directory will appear in the Export directory field. 
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5.2.4 Lacey Equation 

The Excel tool calculates three different predicted equilibrium channels. Two are based 
on the Lacey equation and one is based on the ‘Constant Evolution’ relationship. 
 
This section of the Configuration tab allows two sediment particle sizes to be entered 
that are then used to calculate the two predicted equilibrium channels based on the 
Lacey equation. 
 
The two values should be at either end of the expected particle size distribution for the 
estuary so that when visualised within ArcMAP the channels will show the expected 
range in channel width dependent of the particle size. 
 
To enter a particle size, type the value in millimetres into the relevant particle size field. 
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5.2.5 Regime Equation 

The Regime equation is used within the Excel tool to calculate the cross-sectional area 
of the channels at each section. The parameters used in this equation vary depending 
on which estuary type, or estuary group, the estuary being looked at is put into. 
 
To select the type of estuary, or estuary group, click the drop-down arrow at the right of 
the Regime Equation field. 
 

 
 
Once a selection has been made the parameters that will be used within the Regime 
Equation are displayed below the field. 
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5.3 Import HET Tool Outputs 

Once the configuration information has been entered the outputs from the HET tool can 
be imported. 
 
To start the import process click the ‘Import Data’ button to the right of the ‘Import 
Directory’ field. 
 

 
 
A window will appear once the import process has completed. 
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Click ‘OK’. 
 

5.4 Reaches Tab 

The Reaches tab displays each reach along with some summary information. This tab is 
locked and read only apart from the user input cells highlighted in light blue. 
 
The reach numbers are automatically populated during the import process which 
enables the total reach length, cumulative observed tidal prism at MHWN and number of 
sections to be looked up from the imported data. 
 

 
 

5.4.1 Reach Name 

The reach name should be entered so the separate reaches can be easily identified. 
 

 
 

5.4.2 Reach Number Configuration 

The reach number configuration information should also be entered. This is used within 
the Excel tool to relate the reaches to each other. Once this information has been 
entered for each reach the tool knows which other reaches are upstream of downstream 
of it. 
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This section is configured by entering D (downstream of the current reach) or U 
(upstream of the current reach) into the relevant fields. 

 
 
 
3 is downstream of 1 
3 is downstream of 2 
1 & 2 are upstream of 3 
 
 
 
 
 

Once this section has been configured the downstream length, upstream length and 
cumulative observed tidal prism in upstream reaches is automatically populated. 
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 5.5 Sections Tab 

The Sections tab displays the details of each section. This tab is locked and read only. 
 
The section references are automatically populated by the import process. 
 

 
 

5.6 Observed Tab 

The Observed tab displays each section along with the observed data. This tab is locked 
and read only. 
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5.7 Predicted Tab 

The Predicted tab displays each section along with the automatically calculated 
predicted data. This tab is locked and read only. 
 

 
 

5.8 Export Excel Tool Output Files 

To start the export process click the ‘Export Data’ button to the right of the ‘Export 
Directory’ field. 
 
 

 
 
A window will appear once the export process has completed. 
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Click ‘OK’. 
 
The Excel tool creates four output files which are used in the visualisation of the 
predicted equilibrium channels within ArcMAP. These file name will vary depending on 
the inputs but will always start with ‘A_’, ‘B_’ and ‘C_’ 
 
A_All UK Estuaries - Lacey (Particle Size 0.1mm).txt 
B_All UK Estuaries - Lacey (Particle Size 0.2mm).txt 
C_All UK Estuaries - Constant Evolution.txt 
 

5.8.1 A_All UK Estuaries - Lacey (Particle Size 0.1mm).txt  

This file contains the predicted channel data relating to the Lacey equation with particle 
size A. 
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5.8.2 B_All UK Estuaries - Lacey (Particle Size 0.2mm).txt  

This file contains the predicted channel data relating to the Lacey equation with particle 
size B. 
 

 
 
 

5.8.3 C_All UK Estuaries - Constant Evolution.txt 

This file contains the predicted channel data relating to the ‘Constant Evolution’ 
relationship. 
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 6 VISUALISAING THE OUTPUTS 

6.1 Model 10 – Healthy Estuary Outputs 

The final toolbox model produces the outlines of the healthy estuary tool. The tool uses 
a centre point within the estuary and uses the distance and angle from the excel tool for 
each section line. 
 

1. Open the toolbox and run Model 10. 
2. Input the location of the geodatabase and the text files, with the proceeding 

values A, B and C into the A, B and C input boxes. 
 

 
 

3. The model exports the Healthy_Estuarty_ouputs to the Geodatabase. 
 

 
  

- 34 - 



 
 
 
 

 
  

 

4. Load the Healthy_Estuary_ouputs inot ArcMAP and Symbalise on the Name 
Field. 

 
5. The Model cannot interpolate between the reaches so this will require a manual 

intervention. See before and after below. 
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 6. The Healthy Estuary outputs can be used alongside other data such as the BGS 
geology, Saltmarsh extent and Aims Data to make comparisons. 

 

 
Outputs with Slatmarsh 

 

 
Output with Environment Agency AIMS data 
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GBR BGS 1:625k scale Superficial Deposits Lithostratigraphy (including 
Lithomorphogenetic units) 

 

 
GBR BGS 1:625k scale Bedrock Lithostratigraphy (including Lithogenic units) 

Error! Reference source not found.- 37 - 
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