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Introduction EEMS BASINS Plugin

Better Assessment Science Integrating point and Nonpoint Sources (BASINS) is a multipurpose
environmental analysis system and has been made freely available by its developer, the US EPA.
It is widely used as it provides a convenient framework for integrating modeling tools and envi-
ronmental spatial and tabular data into a geographic information system (GIS) interface. From
the BASINS interface, you can automatically download vital data to facilitate the setup of new
projects. The tool accesses data such as Digital Elevation Models (DEMs), hydrography, land use,
meteorological data, monitoring data, and soil maps from EPA, USGS, and many other cloud-based
locations.

DSI has recently developed a plugin for BASINS that allows users to generate the grid and build
an Environmental Fluid Dynamics Code Plus (EFDC+) model directly from within the BASINS
interface. Using a shape file of your waterbody displayed in the BASINS interface, you can call the
plugin and build a grid to your required resolution. This tool allows users to extract the essential
data from Watershed Data Management (WDM) format and create the input files for EFDC+.
After this, users can specify the boundary locations and assign the flow time series, and the plugin
will convert them into the correct format for EFDC+. Meteorological data such as wind speed,
direction, rainfall, and solar radiation, cloud cover can also be exported from BASINS into the file
format needed by EEMS.

The EEMS plugin for BASINS provides an important link between watershed models and receiv-
ing water hydrodynamic models. Users will be able to go from extensive basin-scale studies to
more in-depth analyses of particular water bodies and the impact of pollutant loading. This plugin
is the first step in what we envision to be greater integration between hydrologic and hydrodynamic
models, facilitating improved data exchange and ease of use for those seeking solutions to complex
environmental questions.

The plugin is now available for download from the EEMS website https://www.eemodelingsystem.
com/user-center/downloads.

What follows is a detailed description of how to install the EEMS plugin and a demonstration of
using this tool to build a hydrodynamic model of Lake Mendota. Similar steps will be required for
any model.
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Chapter 1

Installing the EEMS BASINS Plugin

After downloading the EFDC+ Explorer Modeling System (EEMS) Better Assessment Science
Integrating Point and Nonpoint Sources (BASINS) Plugin installation package, double-click on it,
and the EEMS BASINS Plugin Setup Wizard will appear (Figure 1.1).

% EEMS BASINS Plugin Setup X

Welcome to the EEMS BASINS
<§ %) Plugin Setup Wizard

The Setup Wizard will allow you to change the way EEMS
BASINS Plugin features are installed on your computer or

) even to remove EEMS BASINS Plugin from your computer.
B A | N Click "Next"™ to continue or "Cancel” to exit the Setup Wizard.

Next > Cancel

Figure 1.1: EEMS BASINS plugin setup wizard

Click the Next button, and follow the steps to install the plugin. Upon completion of the Installation
Wizard, you will be prompted with the message “Completing the EEMS BASINS Plugin Setup
Wizard” (Figure 1.2). Click the Finish button to finish the installation.
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%5 EEMS BASINS Plugin Setup X

Completing the EEMS BASINS
( g §> Plugin Setup Wizard

BASINS

support@eemodelingsystem.com
www.eemodelingsystom com

Click the "Finish” button to exit the Setup Wizard.

S

Figure 1.2: Completing the EEMS BASINS plugin setup
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Chapter 2

Accessing the EEMS BASINS Plugin

Open BASINS from the Windows Start Menu, click on Plug-ins in the main menu, and turn on the
EEMS plugin (Figure 2.1). The EEMS plugin will then be available in the BASINS toolbar.

i BASINS 4.5 - national*

File Tiles ¥ Watershed Delineation | Models ¥l Compute  Bookmarks | Plug-ins | Layer View (¥ Analysis Shapefile Editor ~Converters Help
\ 77 Edit Plug-ins
& e & b @ g (T e r O 1€
New Open Save Print Settings : Add Remove Clear = Symbology Propertieg ©# Scripts ure |dentify Label Mover | EEMS
Q) % : e o+ % - = - +
4-’» ;!' PO SRP L ’® =Y shp shp ‘ Q Analysis > ‘;. ™) 1
New Insert Add Remove Copy Past|i:| Archive Project Tool E Move vertex/Add vertex Remov
Legend 2 x (3] BAsINS 4.5
Layers | Toolbox E CSV to Shapefile Converter
B0 % Hydrology #  DAEM Data Download »
F [ waterways ® - =
[D Cataloging Units ® 0O I AP
B0 & Political (22| Manual Delineation
@] States E Model Segmentation
B[] Counties 0O [0F] Shapefile Editor
B[] [ Reference ; Tiled Map
B[] Major Roads #5  Timeseries »
- . — — —

Figure 2.1: Accessing the EEMS plugin
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Chapter 3

Building a BASINS Project

The section is a demonstration of how to build a BASINS project for Lake Mendota and download
the necessary data from BASINS in order to set up a hydrodynamic model in EEMS.

3.1. Create a New BASINS Project

From the Start menu under Programs, select BASINS. The Welcome to BASINS window will open
(Figure 3.1). Click on Build New Project. Note: Do not close the Build New BASINS 4.5 Project
window popped up for the following steps below.

@ Welcome to BASINS 4.5 X

Build New Project

View Documentation

Open Existing Project

Show this dialog at startup

Close

Figure 3.1: Welcome to BASINS

* Zoom in and click the Hydrologic Unit Code (HUC) 07090002 (Near the Southern border
of Wisconsin) unit from the map (Figure 3.2).

* Click the Build button in the Build New BASINS 4.5 Project window and save the project.
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BASINS 4.5 - national® - ] *
File  Tiles E;r‘i] Watershed Delineation Eﬁ] Models EFE] Compute  Bookmarks  Plug-ins  Layer View [ Analysis  ShapefileEditor Converters  Help

D & e @ g W B B R wm B 6 9 €

.
D New Open Save Print Settings ‘5 Add Remove Clear | Symbology Properties Categories Query Table .E Select Deselect Measure Identify Label Mover EEMS |

epelPpripiBsim w b0 © @ R s

i Mew Insert Add Remove Copy Paste Merge Erase Erasebeneath Move Rotate Resize Movevertex Addvertex Removevertex Cleanup =

Legend 1 x
Layers | Toolbax
B [ Hydrology
E waterways & —
B0 Domingusz Channsl
|

Cataloging Unis ]
B 5 Political

States S0

B[ Counties B0
B[ Reference

E[ MajorRoads &

Build Mew BASINS 4.5 Project *

To Build a New BASINS 4.5 Project, zoom/pan to your geographic area of intenest,
select thighlight) it. and then click "Build".

[ your area is outside the USA or you do not wart to use the map, click 'Build’ with
no features selected to create an empty project.

Selected Features:
07050002 : Middle Rock

[ Bua || Cancel

Drensicns han

Figure 3.2: Build new BASINS project

Set the Projection Properties as shown in Figure 3.3, and click OK to close the form. If you have
used BASINS before, it may have this form set up according to the previous project, so be sure to
double-check this form. Once you click OK, BASINS will download initial data for the selected
HUC, and create a project.This may take up to 5 minutes.

Projection Properties - O *

® Standard ) Custom

Category | UTM - 1383 i |

Name |Zome 16 v|
Spheroid GRS 80

Figure 3.3: Projection properties

Following the initial data download, extraction, and projection, a dialog box will pop up to confirm
the creation of the project (Figure 3.4). The contents of the dialog box may differ based on the file
and folder names specified above. Click OK and the new BASINS project will open.
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Created Project X

C:\BASINS45\data\Lake Mendota\07090002.mwprj

Figure 3.4: Create a new project

3.2. Download Data

BASINS supports downloading data from several online repositories from the interface. This sec-
tion shows how to use Data Download form to retrieve flow and meteorological data and create a
meteorological Watershed Data Management (WDM) file.

1. From the File menu in BASINS, select Download Data. The Download Data form pops up
(Figure 3.5).

2. In the Download Data form, set the Region to Download option as View Rectangle, and
check the box Hydrography in National Hydrography Dataset Plus v2.1, which is the most
recent hydrology dataset available.

3. Select Discharge to download the Station Locations.
4. Check the box Grid to download North American Land Data Assimilation System.
5. Click the Download button to start downloading.
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BASINS 4.5 - 07090002-4
File Watershed Delineation Model

Download Data .
\ Download Data X
Open Data

s Compute  Bookmarks  Plug-ins  Layer View Analysis  Shapefile Editor  Converters  LSPC Help

Mew e H ik A E E]
o = L D B B W i O + €
& Open Project Add Remove Clear | Symbology Properties Categories Query Table ©|Select | Deselect Measure |dentify Label Mover EEMS
’ Mo + + - = e € ;5 +
& Save b 18] 4 shp shp | s b o
& Save As Mew Insert Add Remove Copy Paste Merge Erase Erase beneath Move Rotate Resize Movevertex Addvertex Remd
& Archive/Restore Project... 1 1 X

*
Manage Data Region to Download | View Rectangle i
Import to WDM BASINS
MNew Data [] Met Stations [JGIRASLlandUse  [J NHD  [] DEMGrid
Save Data In... & [ Met Data [ Legacy STORET [ Census
= Print - National Hydrography Dataset Flus v2.1
© Recent Projects N O & [] Blevation Grid [] Catchments 2 Hydrography
Open BASINS Project 4 o Station Locations from LIS Geological Survey National Water Information System
=+ Export 4 Discharge 3 [] Water Quality [ Measurements [] Daily GW [] Periodic
Settings * Data Values from LS Geological Survey National Water Information System
E--I Close Station Locations must be selected on the map before data value download
¢ Exit
State Boundaries @O Mational Land Cover Data from National Map
[ Urban Area Boundaries <& [] [] 2019 Land Cover [ ] 2013 Land Cover [ ] 2008 Land Cover [ ] 2004 Land Cover
E[ = Transportaton ] 2019 Impervious [] 2011 Land Cover [ ] 2006 Land Cover [ ] 2001 Land Cover
M i @ —
0] Major Roads S [] 2016 Land Cover [] 2011 Impervious [ 2006 Impervious [] 2001 Impervious
B [ Soil, Land UseiCover /\I
2016 | i
F[] Ecoregions (Level ) ® 0 DL
] I
E0J Land Use Index o0 4 North American Land Data Assimilation System
(] Managed Area Database O |:| Gid
B[] State Soil )
— 0 Precip ~ !
97g - Mo - PET
1579 v 2023 - Air Temp ¥
USDA NRCS Soils
[] 55URGO
[ Clipto Region ~ [] Get Mewest Help Cancel
Preview Map 1 X

Figure 3.5: Download data

After downloading, BASINS displays the waterbody features in the catchment. You may have to
select the options on the left panel to display the datasets of interest. The following steps illustrate
how to export the Lake Mendota shapefile (Figure 3.6).

1. Right mouse click
Editor.

the Waterbody Features layer in the Legend and select Attribute Table

2. In the Attribute Table Editor tab, find the element that has a GNIS Name as Lake Mendota.
The selected row is highlighted. Note: In case BASINS selection tool doesn’t work, you may
choose to select Lake Mendota using "Query" option under Selection option in the Attribute
Table Editor. The query should be [GNIS_ID] = "1792750". Do not sort by any attributes.

3. Click Selection in the toolbar and select Export Selected Features.

4. Save the selected w
folder.

aterbody features as a shapefile named Lake Mendota.shp in the default
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Legend 2 x H = SaveAs
Layers  Toolbox
E7 & NHDPlus ~ A [}« data > 07090002-3 v 0 O Search 070900(
Flowline Features D
1[am Features D Organize v New folder
"¢ Add Group R Name . Date modified
B0 Point| [zz  Add Layer ™ Attribute Table Editor - nhdwaterbody.shp & This PC
B0 Permitl [ Remove Layer Edit View Selection Tools B 30 Objects N Dilus2 R0222:01 %0
EIJ [ Obsef (7 Clear Layers SHAPE Query /6 |lGNIS E [ Desktop NLDAS 2022-12-07 4:58
NLDA Zoom to Layer 1% ) Documents NWIS 2022-12-07 4:50
B0 Bacter / 197 Select All & Koshkon pes 2022-12-07 4:49
¢ |9y LabelSetup 198 Select None / ¥ Downloads ¢
:ﬁ;fjg \5.:: :,lmdata ;3 e eation LekeRPer | A [ Fie nome: [ Lake Mendota
BRET Hya sy Shapefile categories 2013 [ Export Selected Features Rockdale Mill Save astype: | Shapefiles (*shp)
Reach| = - | - 202 Rose Lake
B0 Catatol o Attribute Table Editor 4 203 13290802 20090501 Medium 179229 Merton Millpor ]
B[] Accou| @ Symbology manager 204 13294416 20090501 Medium 179228 Hunters Millpd ~ Hide Folders =2 L
Catalo %  Expand Groups | |205 13294458 20090501 Medium 179277 Cushman Lake—oroo T ST z >
O & Poli = a a 208 13294928 20030501 Medium 179288 Lake Delaven 3 7.129 283 03090002008 LakePond 39009 0.22047798 0.00078:
B0 urban| = Expand All 207 13296484 20080501 Medium 183408 L:ttIeGlbbs.Lak 0.049 0 07030002008 LakePond 33004 0.00853434 533512
B0 Count‘j Collapse Groups 208 13294422 20090501 Med!um 179360 Schoo_l Section 0.488 0 07090002008 LakePond 39004 0.03544233 538528
= Collapse Al o |20 13296526 20090501 Medium 183407 Kiwanis Pond  0.051 0 07090002008 LakePond 39004 0.01369128 561432l
B0 County 210 13293228 20030501 Medium 156214 BrandenburgL_0.171 0 07090002008 LakePond 39004 0.01788530 1.89582:
B0 EPAR| g Properties \Lake Mendota _ 39.804 259 | ‘
Siats = 212 13293298 20090501 Medium 156390 Mud Lake 0129 0 07090002008 LakePond 33004 0.01423330 1.43005
B[] Urban AreaBoundaries S [J 213 13294506 20090501 Medium 179193 Green Isle Lak 0.098 0 07090002008 LakePond 39004 0.01470663 1.08078:
B0 & Transportaton 214 13293304 20090501 Medium 184270 Strickers Pond 0.037 0 07090002008 LakePond 39004 0.00775754 4127411

Figure 3.6: Export Lake Mendota shapefile

After exporting the shapefile, you can zoom to the shapefile by RMC on the layer can click Zoom

to Layer as shown in Figure 3.7

Legend 3 X
Layers  Toolbox
B4 5 NHDPlus -
|E| Lake Mendota & |
| L& Add Group

Flowline Featurg
Waterbody Feat
|z Remove Layer

B[ & PointSources & I
F[] PermitGomplian

B[ [ Observed Data

gz Add Layer

@ Clear Layers

||£.'1 Zoom to Layer

H[] MLDAS Grid Ger] 9% Label Setup
EI[] Bacteria b Charts
" View Metadata

EI[] NAWQAStudy A
H[] NLDAS Grid

B [ Hydrology
Reach File, W1
B[] Cataloging Unitt,
H[] Accounting Unit
Cataloging Unit

EIM [ Political

Shapefile categories
Attribute Table Editor

Symbology manager

Expand Groups
Expand All
Collapse Groups

g Gy & 5§ 8

H[] Urban Area Mam Collapse Al
F[] County Mames % Properties
F[] County Boundan ——

-

Figure 3.7: Zoom to Lake Mendota shapefile

Next steps, you can download additional data from the BASINS interface as described below

(Figure 3.8).
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1. Select the National Water Information System (NWIS) Daily Discharge Stations layer in the
left panel. The selected layer will then be highlighted.

2. Click the Select button in the main toolbar to change to selection mode. Then select all the
discharge stations in the region near Lake Mendota, and hold the Ctrl key to select multiple
stations. The selected stations are highlighted in a different color.

File [ Watershed Delineation [ Models [ Compute  Bookmarks  Plug-ins Layer View (il Analysi

| da @ e & ok [ @ i Sy N ®
New Open Save Print Settings ‘- Add Remove Clear = Symbology Properties Categories Query Table Identify Label Mover EEMS
® 0T y¢ o+ - [ =, +
#lerPas @asmww DD @ 2 @ s @ . . .
New Insert Add Remove Copy Paste Merge Erase Erasebeneath Move Rotate Resize Movevertex Addvertex Removevertex Cleanup Undo
Legend 2 x
Layers | Toobox

Shapefile Editor  Converters LSPC  Help

MBI’ (i) 1 €

@[] Flowline Features 9

@) waterbody Features Y
B0 & PointSources an

@[] PermitCompliance System 4
B0 & Observed Data Stations

@) NLDAS Grid Center D e

B0 Bacteria 9
@) NAWQAStudy Area Unit Bounda
B[] NLDAS Grid ® a
E® (& Hydrology
B Reach File, V1 9 -
@[] CatalogingUntCode
@) Accounting Unit Boundares
B Cataloging UnitBoundaries 1
BIM & Political
B[] Urban Area Names 9 .
N
9
ies O
$0
s o0
B0 & Transportaton
#) Major Roads 9=
B[] & soil, Land Use/Cover
B[] Ecoregions (Levelll) >
0] Land Use Index $0
1) Managed Area Database [
B[] State Soil ®

B4 7 Other
El=)

Figure 3.8: Selected NWIS discharge stations near Lake Mendota.

When the station locations on the map are selected, the data values from US Geological Survey
National Water Information System will be available. The following steps (Figure 3.9) show how
to download daily discharge in the selected stations.

1. From File, select the Download Data option.

2. As the NWIS stations are selected, the Data Values from US Geological Survey National
Water Information System is now available; check the box for Daily Discharge.

3. Click the Download button, and the Daily Discharge Processing Options form will pop up.

4. Select the option Add data to new WDM file and browse to the folder (if needed). Click OK
to start downloading. The process may take a maximum of 5 minutes. A dialog box will pop
up to confirm the downloaded data and the creation of the WDM file.
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File | Watershed Delineation (4 Models ¥ Compute  Bookmarks  Plug-ins  Layer View (¥ Analysis  Shapefile Editor  Converters
| Mew |_:= |_= i Download Data * '
& Open Project Add Remove ki
o~ M 4| Regionto Download | View Rectangle h
Y Save J i8] &l -
M BASINS
& Savels Mew Inse 0 0 0 O el
Met Stations GIRAS Land Use MHD DEM Grid —
& Archive/Restore Project... 1 x
=% | [ MetDats [] Legacy STORET [ ] Census
1 Download Data n /
2 Mational Hydrography Dataset Plus v2.1
i L] Open Data
7 A [] Blevation Grid [] Catchments [] Hydrography
¥ Manage Data
g ] Import to WD Station Locations from US Geological Survey Mational Water Information System
M NewData [] Discharge [] Water Quality [ ] Measurements [] Daity GW [ Periodic
M saveDataln.. 2 Data Values from US Geological Survey National Water Information System
& Prnt Daily Discharge Vater Quality
. [ Instantaneous Dischange
¢y RecentProjects 3
M Open BASINS Project » Mational Land Cowver Data from National Map
B Export 3 [] 2019 Land Cover [] 2013 Land Cover [ ] 2008 Land Cover [ ] 2004 Land Cover
] 2019 Impervious [] 2011 Land Cover [] 2006 Land Cover [ ] 2001 Land Cover
o Settings
ﬂJ o J [] 2016 Land Cover [] 2011 Impervious  [] 2006 Impervious ] 2001 Impervious
ose
2016 Impervious
& Edt _ ?
B = Political North American Land Data Assimilation System
E[] Urban Area Mames Do [ Grd Houry Data (available when grid cellis) selected on map
H[] County Mames 2> Project Time Zone - UTC minus |0 stituents: | Precip ~
EH[] County Boundaries 253 ) — - o = FET
) ) = ~| E = 2023 - Air Temp ¥
EH[] EPARegion Boundaries &
State Boundaries $ 0 LUSDA NRCS Soils
EH ] Urban Area Boundaries \} |:| D SSURGO
EIC] 5 Transportation 3
[ Major Roads @ — —
[ Clip to Region [] Get Newest Help Cancel m
B[] = Soil, Land Use/Cover !
E[] Ecoregions (Levelll} &
F[] Land Uselndex SO
[[] Managed Area Database | = | Daily Discharge Processing Opticns
B[] State Soil 12)
(. After downloading Flow data.
7
EM LS Other (C) Add individual files lone per station) to project
|[E& MwiS Daily Discharge Stations |
. 4 [® Add datato new WDMfie: | [C-\BASINS25\daia\07090002hrwis flow.wdm | Browse.
Y ) Add data to existing WDM file: | Browse
Preview Map B x () Do ot add data to project

Figure 3.9: Download daily discharge data for the NWIS Stations.

In BASINS, North American Land Data Assimilation System (NLDAS) data is also available and
can be directly downloaded from the interface, as described below (Figure 3.10).

1. Select the NLDAS Grid layer in the layer list.

2. Click Select button in the main toolbar. Select the grids that cover Lake Mendota, and hold
the Ctrl key to select multiple grid cells. The selected grids are highlighted in yellow.
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File @Watershed Delineation @Models ﬂCompute Bookmarks  Plug-ins  Layer View 'sﬁ.(_'?!Analysis Shapefile Editor  Converters  Help

Daaéas @ @ n

{ Mew Open Save Print Settings .E Add Remove Clear

B B & =] e w9 €

Symbology Properties Catejories Query Ta‘b\e . Select | Deselect Measure Identify Label Mover EEMS
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i ppPIPRAL @ Lm s ) [ @ @ R S 5 . v’ [
: Mew Insert Add Remove Copy Paste Merge Erase Erasebeneath Move Rotate Resize Movevertex Addvertex Removevertex Cleanup Undo
Legend I x
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EIRd LakeMendota
|
E [ Flowline Features =3
B[] Waterbody Features D
B0 PointSources and Withdrawals
B[ Permit Compliance System X5 #
B [£5 Observed Data Stations
HLDAS Grid Genter D+
B Bacteria =3
.
B NAWGA Study Arsa Unit Boundaries e
1 |92 NLDAS Grid $ 0O
B | Hydrology
Reach Fils, V1 S —
B[] Cataloging Unit Gode B
[ Accounting Unit Boundares 53
Cataloging Unit Boundaies % [0
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Figure 3.10: Select NLDAS Grid

The following steps show how to download available NLDAS data (Figure 3.11).

1. From the File menu, select Download Data option

2. In the Download Data form, check the Hourly Data box under North American Land Data
Assimilation System. Since our project location is in Central Time Zone, which is 6 hours
behind UTC, enter 6 in the box to correct for the time zone.

3. Click the Download button.

4. The NLDAS Processing Options window pops up. Check the option Add data to new WDM
file and save as nldas.wdm file. Wait for the download to complete, which may take several

minutes. After the download is complete, a dialog box will pop up to confirm the data
download and creation of the WDM file.
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Figure 3.11: Download NLDAS Data

After downloading all data, please save the BASINS project again by clicking Save options in the

main menu.
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Chapter 4

Building an EEMS Model

The following steps describe how to use the EEMS plugin in BASINS to build a hydrodynamic
model of Lake Mendota.

4.1.

Generate Grid and Import Time-series

After activating the plugin, click on the EEMS button in the toolbar to open the EFDC+ Model
form (Figure 4.1).

1.
2.

In the Grid Options, select Generate Uniform Grid to generate a Cartesian grid.

The drop-down Shapefile lists all the shapefiles available in the BASINS project. For this
example, select the LakeMendota.shp shapefile. When the shapefile is loaded, it will be
shown in the Bounding Polygons frame on the right side.

In the Uniform Grid Options, set the Number of Cells as 50 by 50. The UTM Zone and
the Lower-Left and Upper-Right coordinates of the grid will be updated automatically based
on the shapefile. Note: We recommend developing a low-resolution model for training and
testing purposes.

Click the Generate button to build the grid and then click on Remove Dry to remove cells
outside the polygon. The grid is displayed on the right side of the form.

. Select a folder to save the Environmental Fluid Dynamics Code Plus (EFDC+) model by

clicking on the button next to EFDC+ Model Folder.
Click Import Timeseries to extract WDM format data from the BASINS project.
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€3 EFDC+ Model - ]
Giid Options

(® Generate Uniform Grid 1

O Import Grid from Files Import Grids 3

Uniform Grid Options {
X Direction Y Direction =]
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Number of Cells: EI E !

Rotation Angle (*): | 0| ‘ Update Rotation ‘ 7 = ==

4
UTM Zone: | Generate | | Remove Dry I
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[EFDC+ Model Folcer: [D-\BASINS\Lake Mendota 15 LELL EEan

| Import Timeseres | 6

e

Bounding Palygons

=

i
Ovedays s, = = Z

[
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Figure 4.1: EFDC+ Model form

The Import Time Series form allows the user to import meteorological and flow data available in
the BASINS project (Figure 4.2). However, in this exercise, we will only import flow data. To
import the flow time series data:

1. Click the Import Flow WDM File and browse to the "flow.wdm" file in the NWIS folder
under the BASINS project folder.

2. The file location, number of time series, and data are summarized in the WDM File frame.
3. Click Choose Time Series.

4. In the Choose Flow Time Series window, a list of time series in the flow.wdm file is shown
on the left of the form. Select the data of interest and then click OK. For this project, we will
use five flow time series as listed below. As you will see later, these flow timeseries define
major inflows and outflows to the Lake Mendota.

* OBSERVED 05427850 FLOW
OBSERVED 05427910 FLOW
OBSERVED 05427930 FLOW
OBSERVED 05427948 FLOW
OBSERVED 05428500 FLOW

Note: If some flow data series are not displayed in the list, it means those data series were
not downloaded in the previous steps. In this case, you may go back to the NWIS daily
discharge download part (Figure 3.8 and Figure 3.9) then select more stations around Lake
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Mendota to download the discharge data.

5. Flow data downloaded by BASINS is typically in cubic foot per second (cfs), and will be
converted to cubic meter per second (cms) as required by EFDC+. If you imported data from
another source and need a different conversion factor, you may have to select a different
dropdown option.

Import Time Series - O X
€ Imp

WDM File 2

Timeseries: WDM
C:\BASINS45\data\07090002-4\NWIS\flow .wdm
14 Timeseries

327680 bytes

Select Time Series
Flow

1 I Import Flow WDM File | 3 I Choose Time Series

5] | Flow (Unit From): | cubic foot per second (cfs) v Flow (Unit To): |cubic meter per second (m¥s) v

Atmospheric & Wind 4
Import data from WDM File for ASER

OBSERVED 05427850 FLOW .
A Temperature (L From): e Favenhed (7 Search by Tye:
OBSERVED 05427927 FLOW Search by Nme: [
Solar Radiation (Unit From): langley/hour {ana/hr)
OBSERVED 05427537 FLOW
Precipitation (Unit From): in/hr
OBSERVED 05427550 FLOW
Evapotranspiration (Unit From): ' in/hr OBSERVED 05427950 FLOW
OBSERVED 05427952 FLOW
OBSERVED 054275965 FLOW
OBSERVED 05427970 FLOW
porteala romWOMHe o BSER
OBSERVED 05428665 FLOW
OBSERVED 05428668 FLOW

G) Choose Flow Time Series

Wind Speed (Unit From): ' miles per hour (mi/h)

Figure 4.2: Import flow wdm file

Click OK to close the Import Time Series window, and a pop-up message is displayed to confirm
that units of flow data have been converted (Figure 4.3). Click OK to close the message and return
to the EFDC+ Model window.

et
Flow Time5Series are converted from cubic foot per second [dfs) to cubic
meter per second (m%/s)

Figure 4.3: The pop-up message of unit conversion

In the following steps, you will specify the boundary locations for Lake Mendota and assign the
flow time series (Figure 4.4).

www.eemodelingsystem.com 15 Introduction to EEMS BASINS Plugin



1. Right Mouse Click (RMC) on one of the active cells (green color) near the north end of the
Lake and select Assign Flow Series.

2. In the Flow Boundary Conditions window, set the Group Name as Yahara River .

3. Select the flow time series OBSERVED 05427850 FLOW from the drop-down list of the
Flow Table.

4. Click OK to close the form.

€3 EFDC- Model - o X
Grid Options
@® Generate Unifom Grid
O Import Grid from Files IMGMS‘ P31 NI T T T T T T T T TTTTTY
Uniform Grid Options View Full Extent
XDirection Y Direction = Set Lower-Left Point
Lower-Left (m): | 297891.356| |4772172.54§ N 1 Set Upper-Right Point

T

Activate Grid Cell

5]
I
Cell Size (m): '\l Deactivate Grid Cell
MomberofCels: [ 50] [ 50][] / i el
S ;
Tranpose | <->J

uthzoe: [ 16 [ Ganete | | Renorey | rasssss=ssrasa=s|
Shapefile: [deMenddnﬂp V‘ %! Flow Boundary Conditions

EFDC+ Model Folder: |C:\Users\B B THUY\Desktop\Lake Me |:|
Number of Flow Groups:
[

Number of Flow Series:[5 |
Bounding Polygons Boundary Group Information
SHP 1 e o
2| Group Name: [ Yahara River] Il
Flow Multipier Switch:  NormalInflow/Outflow (L*31T) v
St Curent Boundary Cel
Numberof Cels: J[ | [ Remove | [Removerr|
curentca: [ ] < >
B | e[
Intial WSEL: (0000 | Depth: Bottom:
Forcing Assignment
(Il == @ Time Vaying 3| Mrm:[m| [a]
O Constant Constant Flow: 0 DistFow |
o P
Momemtum Options
Option: [ Inflow/Outfiow Momentum Fiux gnored | | Al |
Flow Into Cel () Flow Out Of Cel

Momentum Width (m): 0

Figure 4.4: Assign flow series to the Lake Mendota model

Repeat steps from (1) to (4) to assign other flow time series to the model cells. Figure 4.5 shows
the approximate locations of all the boundary inflows and the outflow, and Table 4.1 presents the
boundary groups of the flow time series.
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€3 EFDC+ Model
Grid Options
(® Generate Uniform Grid

O Import Grid from Files Import Grids

Uniform Grid Options
X Direction Y Direction

L™

D

D %

5
B

LowerLeft m): | 297891356| [477217254] 5
oot [emosiron]
Cell Size (m): 189.349 166.770 [;]

Lt

Rotation Angle (°): 0 [ Update Rotation ]

UTM Zone: [ |

Remove Dry

Shapefile: | Lake Mendota.shp v
EFDC+ Model Folder: C:\Users\B B THUY\Desktop'\Lake Me|

)
L7

Bounding Polygons
SHP_1

Overlays

P1

Figure 4.5: Approximate Locations of flow boundaries

Table 4.1: Assign flow time series to boundary groups

Boundary Group Name Flow Time Series Location
Yahara River OBSERVED 05427850 FLOW  North End
Sixmile Creek OBSERVED 05427910 FLOW  North West Arm
Dorn Creek OBSERVED 05427930 FLOW  North West Arm
Pheasant Branch OBSERVED 05427948 FLOW  West

Outflow OBSERVED 05428500 FLOW  South East

After assigning the flow time series, click OK in theEFDC+ Model form. Then, the EFDC+ model

folder will appear with the model input files generated (Figure 4.6).

Note: In some cases, the model files may not be generated if the EFDC+ model folder is located
in Desktop. In this case, you may re-specify the model folder location by clicking on the button

next to EFDC+ Model Folder.
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€3 EFDC+ Model
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O Import Grid from Files Import Grids
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X Direction Y Direction A —
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Vi |
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Number of Cells: | 50] | 50| / d
Rotation Angle (%): | 0| l Update Rotation l 7 N
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Home Share View
. o Cut - L N 4 Open
UTM Zone: | 16 | Generate ] l Remove Dry l * U o Copy path & x I n M Edit
Pinto Quick Copy Paste Move Copy Delete Rename New Properties i
Shape File: ILake Mendota.shp vl access [#] Paste shorteut  to to - folder - £ History
Clipboard Organize New Open
EFDC+ Model Folder: [D:\BASINS\Lake Mendota ]
» > ThisPC > DATA (D:) » BASINS > Lake Mendota v [J]
Import Timeseries R
9 This PC (o) Name Date modified
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SHP 1 [ Desktop il cellitinp 2022-12-09 2:01 PM
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o P Music [% EFDC.EE 2022-12-09 2:01 PM
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lyinp
4. Local Disk (C2) il gserinp 2022-12-09 2:01 PM
— DATA(D) £ show.inp 2022-12-09 2:01 PM
== Corporate Data (\\10.30.56.35) (M:) v <
10 items

7

Export Grid | ok | | cancel |
Figure 4.6: Folder with the EFDC+ Model of Lake Mendota.

It is also possible to export the grid to Grid+ format (*.gpc,*.cvl) and Delft3D RGF Grid (*.grd)
(Figure 4.7).
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Figure 4.7: Export grid
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Chapter 5

Build and Run Model with EE

Based on the EFDC+ model input files generated using the EEMS BASINS Plugin and BASINS
programs from the previous sections, we will build and run a hydrodynamic model of Lake Men-
dota using EEMS in this section.

5.1. Open Model in EE

* Double-click the EE11.6 icon on your Desktop.
* Open the Lake Mendota model that was created in the previous section (Figure 5.1).
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Model 2DHView 2DVView 3DView TimeSeries Vertical Profile Longitudinal Profile  Tools  Graphi
: 7 [ | 2 | m §p F =8  Time: I
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Figure 5.1: Open Lake Mendota model

5.2. Assign Model Bathymetry

This section will show how to assign bathymetry for the model domain. For this exercise, we have
provided the bathymetry data for this location in a text file with X, Y, and Z values.

In the Model Control form (Figure 5.2):
1. Expand the Initial Conditions tab on the left-hand side.

2. RMC on Bathymetry.
3. The Bathymetry form will appear; click on the Assign button to assign model bathymetry.
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... \Water Depth/Elevation

P External Forcing Data
P Boundary Conditions
P Model Analysis

Initial Bathymetry

G) Bathymetry

Initial Bottom Elevation
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oK

? X

3

Download

Cancel

Figure 5.2: Assign bathymetry(1)

After clicking on Assign, the Apply Cell Properties via Polygons: Bottom Elevation form will

appear. In this form (Figure 5.3):

1. In the Values to Set frame, select Scatter (XYZ) data.

2. In the Data Files frame, click on the Add File button to browse to the bathymetry data file
named “Bottom Elevation.xyz” in the "Example Data - Lake Mendota" folder.

3. Click on Apply Defined Conditions to assign model bathymetry. This sets the bottom eleva-
tion data from the bathymetry file to the model.

www.eemodelingsystem.com

22 Introduction to EEMS BASINS Plugin



€9 Apply Cell Properties: Bottom Elevation X
Grid Options

Values to Set
@® Al grid cells (O Constant 0
(O Only grid cells inside polygons 1 I ® Scatter (XYZ) data |
Interpolation Options

@ Centroid Interp. (O Avg. Value (O Max. Value (O Min. Value

Data Files

Bottom Elevation [131 KB
2

Add File Remove File

Progress

3

I Apply Defined Conditions | OK v Cancel

Figure 5.3: Assign bathymetry(2)

After assigning model bathymetry, a pop-up will appear to indicate the number of assigned cells

and the assigned time (Figure 5.4). Click OK on this and all forms to close forms and go back to
the Model Control form.

EFDC+Explorer X

Modified 1373 cells in a time of 0:00:00:00.5105637!

Figure 5.4: Assign bathymetry(3)

5.3. Assign Water Elevation

The initial model condition of water surface elevation can be assigned by following steps.
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1. Inthe Model Control, under the Initial Conditions, RMC on the Water Depth/Elevation, then
the Water Depth/Surface Elevation form will appear (Figure 5.5).

2. Click the Assign Elevation button to assign water surface elevation, then the Apply Cell
Properties: Water Surface Elevations window will pop up.

o B
HIES & » .

b General Initial Water Surface Elevations and

b Model Grid Depths

> Modules €9 Water Depth/Surface Elevation ?

> WAL 2 Initial Water Surface Elevation 2

.‘ Iﬂitial Conditions Average Level (m): 258.930 I Assign Elevation I Download

-~ Bathymetry Minimum Depth (m): 0.001 Assign Depth From BC's

- 1.|Water Depth/Elevation

Adjustment (Legacy)

Minimum Height (m):

Scaling Factor: 1

> External Forcing Data
> Boundary Conditions

P Model Analysis
Vertical Offset (m): 0

OK Cancel

Figure 5.5: Assign water surface elevation

In the Apply Cell Properties window, follow the steps below (Figure 5.6).

1. In the Grid Options, select All grid cells.
2. In the Values to Set frame, select Scatter (XYZ) data.

3. In the Data Files frame, click on the Add File button to browse to the water elevation data
file name “Water Elevation.xyz” in the "Example Data - Lake Mendota" folder.

4. Click Apply Defined Conditions to assign water surface elevations.
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1 Grid Options Values to Set
@® Al grid cells (O Constant 0
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Data Files
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Progress

4

[addfie | [Remove Fie

| Apply Defined Conditions

Cancel

Figure 5.6: Apply Cell Properties: Water Surface Elevations

The pop-up message will appear to confirm the modification of the cells (Figure 5.7).

* Click OK to close the popup message and all windows and return to the Model Control form.

EFDC+Explorer

Modified 1373 cells in a time of 0:00:00:00.4970734!

X

Figure 5.7: Report of number of assigned cells for initial water surface elevation

» After checking the initial water surface elevation, save the model.
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5.4. External Forcing Data

5.4.1 Assign Outflow

In the following steps (Figure 5.8), we will assign one flow time series as outflow data.

1. Expand the External Forcing Data tab, Flow tab shows 5 flow data time series imported from
BASINS.

2. RMC on the OBSERVED 05428500 FLOW data and select Edit Data Series, the Boundary
Data Series will pop up.

3. In the Boundary Data Series form, the Data Series includes three columns Time, Layer 1
and Total. LMC on the Layer I column, the column will be highlighted.

4. We will multiply the Layer I column values by -1 to define this flow time series as outflows
leaving the model domain. In the toolbar above the time series table, enter "-1" into the box,
and click the multiplier icon.

5. Click OK to close the Boundary Data Series window.
6. Save the model, again.

&2 Model Control (Lake Mendota)

— "] OBSERVED 05428500 FLO
| 4 External Forcing Data | o ERVE 2 W
. Atmospheric (0) €3 Boundary Data Series
- Tropical Cyclones (0) Select Series: | OBSERVED 05428500 FLOW 5 2
~Water Level (0) Series Name: |OBSERVED 05428500 FLOW | Refomat = B
--Harmonic Tides (0) e 4
G @ 5[] + -[x]7 =~
&= Flow (5) -
Data Series  Columns File Header Parameters
--1. OBSERVED 05427850 FLOW
Time Total
2. OBSERVED 05427910 FLOW (days) ota
--3. OBSERVED 05427930 FLOW > 37933 0.00e0
--4. OBSERVED 05427948 FLOW \ 37934 -2.667¢0
85 OBSERVED 05428500 FLOV/ | = e
. ) 37936 5.456¢0
- Withdrawal/f 2
Rating Curve Plot All Layers i S
e ) Plot Total Values SCKS S anien
gt Plot Specific Data ok 7210
- Control Time Delete Data Series S L -6.768¢0
PR 37941 5.285¢0

Figure 5.8: Assign Outflow
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5.4.2 Add Ungaged Flow

Our initial testing suggests that Lake Mendota includes not only the flow from these four USGS
gages but also the flow from some ungaged areas and local catchments. To account for those
flows, we created an ungaged flow timeseries. The following steps describe the process to import
the pre-defined ungaged flow data(Figure 5.9).

1. Expand External Forcing Data tab, RMC on Flow and select Add New Data Series.
2. The Boundary Data Series will pop up, click on Add New button.
3. Then click on Import data from file button, then the ASCII Data Import tab pops-up (Figure

5.10)

& Model Control (Lake Mendota) E]@
NES « .
I 4 External Forcing Data I ~| Flow Data Series

- Wind (0) Number of Data Series: 5

-- Atmospheric (0) €9 Boundary Data Series 2

- Tropical Cyclones (0)

Water Level (0) Select Series: | Series 6 v||6 = Number of Series: D

 Harmonic Tides (0) Series Name: ISeries 6 [ Reformat View All Layers Copy

L—J G @ |S=- 3%~ | 0.00 + - % [/ = /-m;,é Q

Import existing EFDC formatted series | Data Series Columns = File Header Parameters

View Data Series

Edit Data Series

1 Add New Data Series

Time Layer 1

(days) (m¥ls) ota

Figure 5.9: Add New Data Series

4. Click on Browse button to browse to the ungaged flow data Ungaged flow.dat in the Example
Data - Lake Mendota\Flow folder.

5. Select the Data Format as EE DAT or WQ Data.

6. For Import Settings, select Header Rows to Skip is 1, Data Base Date is 1900-01-01 and
Import from Data Column is 2.

7. Click OK to import data from the file.
8. For the Import Data window popped up, enter "-1" and click OK.
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Figure 5.10: Import ungaged flow

After importing the ungaged flow, we will edit the location of the ungaged station (Figure 5.11).

1. In Boundary Data Series window, click Parameters
2. Enter the value of the parameter as shown in Table 5.1
3. After completing the parameter values, click OK to close the Boundary Data Series window.

4. Save the model, again.

Table 5.1: Parameters of ungaged flow station

Parameter Value
Longitude (deg.) -89.42597
Latitude (deg.) 43.1141
X (m) 0
Y (m) 0
Time Scale (sec.) 86400
Time Offset (sec.) 0
Invalid Flag -999
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Time Offset {sec.) | 0.0000
Invalid Flag -555

Figure 5.11: Parameters of ungaged flow

5.4.3 Add Wind Time Series
The steps in Figure 5.12, Figure 5.13, and Figure 5.14 show how to import wind time series for the
model.

1. Expanding the External Forcing Data tab, and RMC on Wind, select Add New Data Series.
2. In the Boundary Data Series window, click on Add New button to add a new data series.

3. Click on Import data from file button.

£ Model Control (Lake Mendota)

ri| [
GE & _ _
~1 Wind Data Series
P General
> Model Grid N GB Boundary Data Series
b Modules Select Series: | Series 1 v |1 = /# I:]
b Timing / Linkage Series Name: [Series 1 || Add New | | Copy&New || |
P Initial Conditions 2
| 4 External Forcing Data I - .
T B3 [ 5=~ 3%~ 0.00 + = % / = |~ |
= \/Vind (0)
o Data Series  Columns = File Header Parameters 3
Import existing/EFDC form
1 e D Time Speed Direction
: (days) (mis) (deg.)
Wator | oual (N l g | ‘ ‘ l

Figure 5.12: Import wind boundary time series (1)

4. In the ASCII Data Import window that pops up, browse to the “Dane Country Airport.csv”
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file in the Wind data folder of Example Data - Lake Mendota folder.

5. Select the data format as EE DAT or WQ Data.

6. Check the Comma and Tab box in Delimiter frame (Uncheck the Space box).

7. In the Import Settings, click the Multiple Column button.

8. Inthe Import Multiple Columns from File window that pops up, select Speed as Data Column
2 and Direction as Data Column 3. The Data Preview shows the preview of the imported
data.

9. Click OK to close the Import Multiple Columns from File window.

10. Click OK in the ASCII Data Import window, and the wind data import process will complete.
() ASCII Data Import X
File to Import 4
[D:\BASINS\Lake Mendota\Data\Wind\Dane Courty Aiport.csv || Bowse |

Date Format 5 6 Delimiter Import Settings

@ EE DAT or WQ Data £4 Comma HeaderRowsto Skip: 1 3]

O Date Time and Values [ Space Data Base Date: [1900-0101 | [ Add Date

Tab
Pre-defined: |Julian Date En:n: mpott from Data Column: 2 i) | Mutiple Column |
Date Fommat: Julian Date D] Conversion Factor: C} 7 J
T?I:el.’;‘{::medion (2] Import Multiple Columns from File X
T

20101231 1:52.4917.40 | we | Descaton

2010-12-31 2:42.4.47.30 M |Speed |2 v

2010-12:31 2:51.447.40 2 orecton 3 »

Data Preview

20101231 0:00 [0

Status

Data Preview

11.

12.
13.
14.

2010-12-31 0:00

Figure 5.13: Import wind boundary time series (2)

Once the data import is done, back to Boundary Data Series window, enter the Series Name
as Dane County Airport.

In Parameters sub-tab, set up the parameters of the boundary data as Figure 5.14.
After entering the parameter values, click OK to close the Boundary Data Series window.
Save the model.
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E; Boundary Data Series
Select Series: | Dane County Airport w|[1
Seres Mame: |Dane County Airport | | Add New | | Copy & New | | Delete | | Rose Plot
P B3 [ |5=- 3~ ||o00 |+ - % / = |7~ | B
Data Series  Columns | File Header| Parameters
Extra Parameters
Parameter Value
o1 langitude (deg.) -85 335362
2 Latitude {deg.) 43140672
3 X (m} 310075.000
4 Y {m} 4775083.000
b Time Scale (zec) 86400.0000
G Time Cffset (zec.) 0.000
7 Invalid Flag 555
Anemometer Height {m) 65
Factor for Speed Conversion to mss | 1.000
10 Wind Direction Option 0

Figure 5.14: Parameters of Dane County Airport

5.4.4 Add Atmospheric Time Series

We will now import atmospheric data into the model.

1. In the Model Control form, expand the External Forcing Data tab. RMC on the Atmospheric,

and click Add New Data Series (Figure 5.15).

2. The Boundary Data Series window will pop up, click Add New button.

3. Click the Import Data from File icon to open the ASCII Data Import form.
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£ Model Control (Lake Mendota)

[ INES
[ ]

«

I 4 External Forcing Data

|A

- Wind (3)

il Import existing EFDC fo

Vi [Add New Data Series |

Atmospheric Data Series

Number of Data Series: 0

EB Boundary Data Series

| .
Select Series: ' Series 1 v & 7% |1

--Harmonic Tides (0)

(- Flow (6)

--Rating Curves (0)

-- Withdrawal/Return (0)

- Hydraulic Structures (0)

Senes Name: [Series 1 I I Add New I Copy & New Delete
da @ [3=- 3%~ 000 + - % / = |~ u|@
Data Series Columns File Header Parameters
Time Atmospheric Dry Bulb Relative Rainfall
(days) Pressure Temperature Humidity (miday)

s

Figure 5.15: Add Atmospheric Data Series (1)

In the ASCII Data Import window (Figure 5.16),

N

. Click the Browse button and browse to the file Dane County Airport.csv in the Atmospheric

data folder of Example Data - Lake Mendota folder.

~N O WD

. In the Date Format, select EE DAT or WQ option.
. Select Delimiter as Comma and Tab (Uncheck the Space box).
. In Import Settings, set Header Rows to Skip as 1 and select Data Base Date as 1900-01-01

and click the Multiple Column button.

o0

. Select data fields to corresponding columns shown in Figure 5.16, and click OK to close the

Import Multiple Columns from File window

Ne)

. Click OK in the ASCII Data Import window to start importing data to the model.
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€9 ASCII Data Import X
File to Import 4
ID:\BASINS\Lake Mendota\Data\Atmospheric\Dane County Airport.csv I I Browse I
K Date Format 6 Delimiter Import Settings
|@ EE DAT or WQ Data (] Comma Header Rows to Skip:
O Date Time and Values L] Space Data Base Date: 19000101 [ Add Date
M Tab — -
Pre-defined: Julian Date T Import from Data Column: ‘2 [31‘7I Muttiple Column I
Date Format: Julian Date N\ Conversion Factor: /
File Preview
Time. Atmospheric Pressure, Dry Bulb Temeperature, Relative Humidity. Rd (2] Import Multiple Columns from File X
2010-12-31 0:00.973.9.2.22,0.62.0,0.0.0.,
2010-12-31 0:53,973.3,0,0.73,0,0.0.0.933.,
2010-12-31 1:52,973.9.-1.67.0.58.0,0.0.0.228,, Title Data Column
2010-12-31 2:42,974.3,-2.78.0.69.0.0.0.0.983,, = )
2010-12-31 2:51.974.3.-2.78.0.69,0.0.0.0.438.. Atmospheric Pressure |2 e
Bulb Temperature |3 v
Data Preview & Dy pere
[ | Relative Humidity 4 v
Column 1 Column 2 Column 3 Column| [ Rartal
S 2010-12:31 0:00 BN 222 062 ana ] B
[ | Evaporation 6 v
<
M| Solar Radiation 7 v
Preview/Graph .» |~ |Cloud Cover 8 v
Data Preview
Status Column 1 Column 2 Column 3 Column 4
S 2010-12310:00  EIEES 222 062
< >
[ ok ]| cancel

Figure 5.16: Add Atmospheric Data Series (2)

Going back to the Boundary Data Series window,

Click the Parameter tab (Figure 5.17).

A

Save the model.

Rename Series Name as Dane County Airport.

Update the parameters of the atmospheric station.
Click OK to close the Boundary Data Series window.
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'E; Boundary Data Series

Select Series: | Dane County Airport o | |'I

e

||Pu:||:| Mew | | Copy & MNew | | Delete |

Series Mame: |Dane County Airport

o 3 [om v - % 7 = |ro-E B

P Ba @

Data Seriez | Columns ~ File Header | Parameters

Extra Parameters

Parameter Value

2 Latitude (deg.) 43140672
3 ¥ (m}) 310075.000
4 f ) 4775083.000
A Time Scale {zec.) 26400.0000
& Time Offset (zec.) 0.000
7 Invalid Flag 555

Use Relative Humidity? (0=lse Twet, 1="es) 1
9 Compute Solar Radiation? (D=MNo, 1=Yes) 0
10 Factar for Rainfall Conversion to m./s 1.15741E-D5
11 Factor for Evaporation Conversion to m.s 1.15741E06
12 Factor for Solar Radiation Conversion to W... |1
13 Cloud Caowver Multiplier 1

Figure 5.17: Parameters of Dane County Airport meteorological station

5.4.5 Add Groundwater Time Series

We will now add groundwater time series data to the model.

1. Inthe Model Control form, expand the External Forcing Data tab. RMC on the Groundwater,
and click Add New Data Series, as shown in Figure 5.18.

2. The Boundary Data Series window will pop up, click Add New button
3. Click the Import Data from File icon to open the ASCII Data Import form
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| 4 External Forcing Data

[~ Groundwater Data Series

£
[

[

J €3 Boundary Data Series
/- Wind (3) Number of Data Serie

Scect Seres: [ Serin O 2
- Atmospheric (3) Series Name: [Series 1 | [AddNew | | Copy&New | | Delete |
- Tropical Cyclones (0) ] ’ 3
- Water Level (0) ;2§Jg‘;iv:::m ng: SR ‘Nvﬁ
--Harmonic Tides (0) (me Fow o Temp
- Flow (6)
- Withdrawal/Return (0)
--Rating Curves (0)

- Hydraulic Structures (0)

- Control Time Series (0)

® Groundwater (0)
- 1

..Con Import existing EFDC+ formatted series i # of Points: 0

1 Add New Data Series

Figure 5.18: Add Groundwater Data Series(1)

In the ASCII Data Import window that pops up, browse to the “GroundWater.dat” file in the
Groundwater data folder of Example Data - Lake Mendota folder.

Select the data format as EE Dat or WQ Data.
Check the Delimiter options for Comma and Tab box (Uncheck the Space box).

. In the Import Settings

* Header Rows to Skip: 7
* Data Base Date: 1900-01-01
e Import from Data Column: 2

e Conversion Factor: 1

Click OK to import the data and close the ASCII Data Import window.

. Click OK in Boundary Data Series window.
10.

Save the model.
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$BaseDate=1300-01-01 00:00:00
$Column1=Time (days) (days)
$Column2=Groundwater ()

€3 ASCIl Data Import X
File to Import 4
|D:\EFDC_Eprorer Modeling System\Training Courses\Day 1\Model\Lake Mendota_HYD\#analysis\GroundWater.dat | || Browse ||
6 7
Date Format Delimiter Import Settings
5| @ EE DAT or WQ Data £4 Comma Header Rowsto Skip: 7 [3]
O Date Time and Values L] Space Data Base Date: [1900-0101 [ Add Date
. M Tab - -
Pre-defined: Julian Date v G Import from Data Column: |2 = Muttiple Column
Date Format: EE DAT or WQ Data N COnveTEon Factor l:l
File Preview
$Format=1.0 A
$NumberOf Series=1
$SeriesNumber=1

Data Preview

2012-08-01 12:00:00 pRILixYIZIE]

Status

8| OK

i l.:i

Figure 5.19: Add Ground Water Data Series(2)

In the Model Control form, you can view the summary of groundwater time series imported (Figure

5.20).
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%" Model Control (LakeMendota_EFDC)

| = &

GroundWater

4 External Forcing Data

- Wind (1)
From Julian Day: 411205
- Atmospheric (1)
To Julian Day: 41620

- Tropical Cyclones (0)

Column Valid Invalid Average Min. Max.
- Water Level (0)

Flow (m#ls) 501 0 -5477033E0 -1502083E7 1.027837E-6
- Harmonic Tides (0}

Salt (ppt) 501 0 0.000 0.000 0.000
- Flow (6)

Temp("C) 501 0 0.000 0.000 0.000
- Withdrawal/Return (0} _

S (1) 501 0 0.000 0.000 0.000
- Rating C 0

ating Cunves (0) Dyel (mgll) 501 0  0000000E0  0.000000E0  0.000000ED

~Hydraulic Structures (0) Summary 501 0 -1.095407E9 -1.502083E7 1.027887E-6
- Control Time Series (0}

= Groundwater (1) o

D51
M 1 GroundWater =
- Control Rules {0)

EE 11.6.0 Release 230302

Figure 5.20: Groundwater summary

In the next steps, we will assign groundwater boundary conditions (Figure 5.21) to model grid
cells.

1. In the Model Control form, expand the Boundary Conditions tab and RMC on the Ground-
water, the Groundwater form will appear.

2. In the Groundwater window, select Groundwater Interaction option in the drop-down list.
3. Click Apply Overlay button.
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S &

Groundwater
P General
P Model Grid
€3 Groundwater ?
P Modules
P Timing / Linkage 2 Options: | Groundwater Interaction v

P Initial Conditions

Over
P External Forcing Data 3

4 Boundary Conditions | Time and Space Varying Forcings
- Water Level (0) Groundwater: | Not Used v
(- Flow (6)

- Withdrawal/Return (0)
- Hydraulic Structures (0)
- Jet/Plume (0)

1! Groundwater (0)

Figure 5.21: Groundwater interaction

In the Apply Cell Properties: Groundwater window popped up as shown in Figure 5.22,
Select the Grid Options as All grid cells.

Select the Values to Set as GroundWater class.

Click Apply Defined Conditions button.

Click OK to close the windows after the import process is done (the cell modification mes-
sage will appear).

Nk

8. Save the model.
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€9 Apply Cell Properties: Groundwater

Grid Options Values to Set
4| @ Al grid cells 5|@ Class/Series: | GroundWater v
O Only grd cells inside polygons Multipler adjustment factor for flow: 1
Progress
6 (| Apply Defined Condttions | Cancel

Figure 5.22: Apply Cell Properties Groundwater

5.4.6 Add Ungaged Flow Boundary Conditions

In the following steps, we will add a new boundary group (Figure 5.23) to the model cell to assign
the ungaged flow data imported above.

1.
2.

o kW

Click the 2DH View button from the main toolbar.

In Layer Control, click the light bulb, pointer, and pencil in the Boundaries layer to activate
the editing mode of the layer.

Click Select Object icon under Select Tool button in the 2DH View tool bar.
Click (LMC) a cell in the model domain to select (you may select any cell).
RMC on the selected model cell.

In the Add BC Group pop-up window, select Boudary Group Type as Flow Boundary, and
name it as Surface Balance Flow.

Click OK, then the Flow Boundary Conditions window will pop up.
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Q“‘@]m ﬁ.l.ia@mgu ,/'T.me 1900-01-0100:00 | [ < > (M [z?‘g

ﬂ Model: Lake Mendota HYD ~ Cells: 1373 Water Layers: 1 Sed.layers 0 | Dates: 0 To: 1 Folder: D:\EFDC_Explorer Modeling System\Training Cc

ﬂ %gl'" ETlme: [ Use Global ‘ M < > Ml
Lever Contrl E] L] Yahara Ri 1900-01-01 00:00

@' % % Boundaries

—— Model Grid
234703 [l W 258.746 Bottom Elevation (i

¢ % # % Grid Connections
% 7 Masks

¢ % # Model Grid

¢ % 7' Bottom Elevation

¢ % 7% Online Background

Sixemile Creel
Time: 1900-01-01 00:00

L =1235;1J =47, 36

XY (m): 306317.387, 4777759.3¢
dX, dY (m): 189.349, 166.770
Bot EL (m): 256.5191

Depth (m): 2.410858

ﬂ Add New Boundary Group I |

5 Boundary Group Name: |Surface Balance Flow |

Boundary Group Type: | Flow Boundary v |

[ ok ]| cancel |

EEEaE :
el M Zoumts

Figure 5.23: Add new boundary group

In the Flow Boundary Conditions window (Figure 5.24),

1. Select Unaged flow from the Flow Time Series drop-down list.
2. Click OK button to save the option and close the form.

3. In the 2DH View window, see the Surface Balance Flow boundary is assigned to the selected
cell.

4. Close the 2DH View window.
5. Save the model.

www.eemodelingsystem.com 40 Introduction to EEMS BASINS Plugin



€3 Flow Boundary Conditions

Number of Flow Groups: D Boundary Group Concentration Assignme
) Constant concentration:
Number of Flow Senes:lCl  — vratior

SRR Time Varying Concentration Constant |

Current Group: D Time Varying Concentration
Group Name: ISurface Balance Flow I Constituent Data
Flow Multiplier Switch: INomval Inflow/Outflow (LA3/T) vl
Curmrent Boundary Cell
Number of Cells: 1 || Ad | | Remove | | RemoveAl |
Current Cell: < >
Initial WSEL: Depth: Bottom:
Flow Assignment
Flow Time Series: IUngaged flow v l @ \L]
Time Series Flow Spiit Factor: [1.0000 | I Distribute Factors I

Figure 5.24: Assign surface balance boundary group

5.5. Hydrodynamic Settings

In the following steps, we will specify the hydrodynamic model parameters and setups.

5.5.1 Turbulence Options

From the Model Control form:

Go to the Modules tab on the left.
Expand the Hydrodynamics sub-tab.
RMC on Turbulence to open the Turbulence Options form.

el S e

5.25 below.

In the Turbulence Options form, set the Turbulence Diffusion parameters as shown in Figure

5. In the Turbulence Options form, go to the Turbulence Intensity tab. Then, set the parameters

as shown in Figure 5.26.

6. After completing the turbulence parameter settings, click OK to close the Turbulence Op-

tions form.
7. Save the model.
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ﬁk Model Control (Lake Mendota_HYD|

e &

€3 Turbulence Options ?

P General

P Model Grid

| 4 Modules I 1
Eiydrodynamics | 2

Numerical Options

-} Turbulence 3

--Roughness

- Shallow Water

--Wind Forcing

- Coriolis Effect

-- Density Effects Factor

--Vegetation

P Timing / Linkage

P> Initial Conditions

P External Forcing Data
> Boundary Conditions
P Model Analysis

A Turbulent Diffusion | Turbulent Intensity  Momentum Comection

Horizontal Kinematic Eddy Viscosity and Diffusivity
Options: lSmagonmky vl
Background/Constant Horizontal Eddy Viscosity (AHO, m%/s): E [ Use Multiplier

Horizontal Momentum Diffusivity (AHD, dimensionless): [ Spatially Varying

Wall Roughness (m):
Large Cell Aspect Ratio m/m): [ 0 |
Vertical Eddy Viscosity and Diffusivity
Time Advance Fitter: lSq.lae root: T = V(ft-1] * V] [] Use Constant

Vertical Eddy Viscosity (AVO, m#s): [ Spatially Varying
Vertical Molecular Diffusivity (ABO, m%s):

Maximum Magnitudes for Diffusivity
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[ Use Subset Number of HMD Cells: [1373 |

I H Browse ‘

- i [

Figure 5.25: Turbulent Diffusion
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€9 Turbulence Options ?

Turbulent Diffusion| Turbulent Intensity | Momentum Comection

Vertical Eddy Viscosity and Diffusivity

Vertical Turbulent Limiting Options: | Limit Length Scale and Limit RIQMAX v/
Wall Proximity Function: | No Wall Proximity Effects on Turbulence v
Sub-options for Standard Scheme: | Original Galperin et al. (1988) v

Turbulence Closure Constants

[ Modify Von Kaman Constant, k: 0.4 Constant 1: 18
Min. Turbulent Intensity Squared (m/s)* 1E-08 Constant 2: 1

Min. Turbulent Intensity Squared * Length Scale (m/s)% 1E-12 Constant 3: 1.8

Min. Dimensionless Length Scale: 0.0001 Constant 4: 1.33

Max. Richardson Number, RIQMAX: 0.28 Constant 5: 0.25

Turbulent Constant, CTURB2: 10.1 CTURBT1: 16.6

Subset Cells to Apply Horizontal Diffusivity
[J Use Subset Number of HMD Cells: | 1373

| | Browse

Cancel

Figure 5.26: Turbulent Intensity

5.5.2 Roughness Settings

From the Model Control form (Figure 5.27):

1. Go to the Modules tab on the left of the Model Control form, expand the Hydrodynamics
sub-tab, and RMC on Roughness.

2. In the Bottom Roughness window popped up, set Drag Coefficient Approach as EFDC+ 10
and Greater from the drop-down list.

3. Click the Assign button.

4. In the Apply Cell Properties: Bottom Roughness window popped up, for the Values to Set
frame, select Constant and set the value to 0.005.

5. Click the Apply Defined Conditions button to assign the bottom roughness to all model cells.
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6. Click OK to close the windows Apply Cell Properties: Bottom Roughness and Bottom
Roughness.

7. Save the model.

] €3 Apply Cell Properties: Bottom Roughness
ﬁ = « B tt R h Grid Options Values to Set
stant 0.005
> General l © Algid cels O)ee
) | (O Only grid cells inside polygons O Scatter (XYZ) data
> Model Grid
4 Modules Initial Bottom Roughness Interpolation Options
. @® Centroid Interp. O Avg.Value O Max.Value O Min. Value
- Hydrodynamics 2 | Drag Coefficient Approach: | EFDC+ 10 and Greater v |
Numerical Opti /
umerical Options Average Roughness (m): 0.0050 |I
Turbulence 3 P
1 Time and Space Varying Forcings
Shallow Water Roughness: | Not Used v
Wind Forcing

Adjustment (Legacy)
Coriolis Effect

Scaling Factor: 1

Density Effects Factor
Vertical Offset (m): 0

Vegetation

P Timing / Linkage 0K Cancel

D Initial Conditions

P External Forcing Data

> Boundary Conditions Progress

> Model Analysis

" Apply Defined Conditions " Cancel

Figure 5.27: Applying Bottom Roughness

5.5.3 Shallow Water settings

From the Model Control form (Figure 5.28):

1. Go to the Modules tab, expand the Hydrodynamics sub-tab, and RMC on Shallow Water,
then the Shallow Water Options window will appear.

Set the Option as Use wetting/drying with non-linear iterations and face masking.
Set the Dry Depth as 0.1 m.

Set the Wet Depth as 0.15 m.

Click OK to close the Shallow Water Options window.

A

Save the model.

This feature is required with fluctuating water levels that will leave some of the domain dry. Enable
the wet and dry option is recommended for an area with tidal flats. Although it incurs a certain
computational overhead, it is necessary to obtain accurate results since it sets the minimum water
depth before a cell is taken out of calculation (Dry Depth) and also the water depth at which the
cell hydrodynamics will be calculated (Wet Depth). The Wet Depth should always be greater than
the Dry Depth.
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P General - 1
b Model Grid €3 Shallow Water Options ? X
I_AMOEI Wetting and Drying Options
- Hydrodynamics 2 | Option: | Use wetting/drying with noninear iterations and face masking v |
-~ Numerical Options GVC Option:
.- Turbulence / 3 | Dry Depth (m): | Dry Steps: I‘
Roughness
1 [] Only Reset SUB/SVB Flags When Needed.
-Wind Forcing Boundary Condition Withdrawal Wet Depth
Coriolis Effect 4 | Wet Depth (m): |
Density Effects Factor
- Vegetation 5 Cancel
P Timing / Linkage ( [ —————

Figure 5.28: Hydrodynamic - Shallow water setting

5.6. Model Timing

Now, we are going to set the time period for the model simulation. Refer to the EE Knowledge
Base on Set Timing frame for more details.

In EFDC+ Explorer, from the Model Control form, go to the Timing/Linkage tab and RMC on the
Timing sub-tab, which will cause the Simulation Timing Options form to be displayed (refer to
Figure 5.29). On this form, the Reference Date/Time is set as default. Time of Start is the number
of Julian days after the base date of the simulation. The Number of Reference Periods is the total
simulation time as a multiple of the reference periods. Time Step is the simulation time step. In
the Mendota Lake example, the simulation time is set as shown Figure 5.29. For different models,
the Dynamic Time Step Options the values settings may vary from those shown in Figure 5.29.

www.eemodelingsystem.com 45 Introduction to EEMS BASINS Plugin


https://eemodelingsystem.atlassian.net/wiki/spaces/EK/pages/240418965/Timing

L
]

L

i
e

«

[» General

[ Model Grid

[ Modules

4 Timing / Linkage

RMC

- Restart Options
P Ramp Up Options
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€3 Simulation Timing Options ? *
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el
:
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Figure 5.29: Simulation timing options

00:00:00
00:00:00
00:00:00

Now, we will specify the model output frequency. Return to the Model Control form,

1. Expand the Timing/Linkage tab.

2. RMC on the Linkages sub-tab to set the output frequency.

In the EFDC+ Model Linkages window that pops up (Figure 5.30),

1.
2.

Select Link EFDC+ Results to EFDC+ Explorer in the EFDC+ Explorer Linkage tab.

Set the Linkage Output Frequency as 60 minute. This setting means that EFDC+ will record
the hourly simulation results in the model output files (Note: The smaller the output fre-
quency, the larger the output file size).
Click OK to close the form.

Save the model.
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JiModellGiid €3 EFDC Model Linkages
P L ZiEs EFDC-+ Explorer Linkage | Legacy Output WASP Linkage NetCDF  Show
I ‘ T:lmlng I Linkage I EFDC+ Explorer Linkage Primary Model Results Linkage Optior

i Timing / Link EFDC Results to EFDC+ Explorer [J Reset All Other Output Options
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-Restart Options
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Figure 5.30: EFDC+ Explorer Linkage

5.7. Run Model

Now, we are ready to run the model. Follow the steps below to run the model (Figure 5.31).

1. Click the Run EFDC+ button in the main toolbar to prepare to run the model.
2. In the EFDC+ Run Options window popped up, click the General tab.

3. Set OMP per Domain to use for the EFDC+ run. Note that the #OMP Cores Used must be
less than Available CPU Cores.

4. Browse to the executable file by clicking the (...) button (in a default installation, the exe-
cutable is located in C:\Program Files\DSNEEMS11.6)

5. Click the Run EFDC+ button, then the model simulation will start.

Note: If the model has existing output files, a message line of "Overwrite the existing model
outputs ?" will appear in the EFDC+ Run Options window. If so, please check the Overwrite box
to run the model and save new results.
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Figure 5.31: EFDC+ Run

5.8. View Model Output

This section provides the steps required for visualizing some model outputs visualization. After
this exercise, you will be able to extract additional model outputs and visualize them using EE.

» After the model simulation is finished, click on the Refresh Output button in the toolbar to
load the model outputs. You can do this step while the model is running as well. It will give
you access to the partial model output.

¢ Click the 2DH View button in the main toolbar .

* In the Layer Control frame, click on the light bulb symbol on Online Background layer
(Figure 5.32) to display the online background map.

Note: To display the model grid for the correct online background map, the model grid needs to
be set to the correct UTM Zone.
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Figure 5.32: Online Background map for Lake Mendota

In the following steps, we will add Velocity Vectors to the 2DH map (Figure 5.33).

1. Click the Add New Model Layer button to open the 2DH View Option form, which is used to
select a layer to add to the 2DH View map.

2. Select the desired parameter to add:
* Primary Group: Velocities
* Parameter: Velocity Vector

3. In the Layer Setting frame, choose Depth Average by default to make it simple.
4. Click on the Add button to add a layer to the 2DH View.
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Figure 5.33: Add velocity vector layer in 2DH View
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