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SWAT-MODFLOW Tutorial

Documentation for preparing model simulations

OVERVIEW OF TUTORIAL

This tutorial provides the basic procedure of linking a SWAT model and a MODFLOW model to
provide a coupled surface-subsurface hydrologic model. The theory and procedures of coupling
the two models is discussed, followed by a step-by-step process of the linking procedure within
the context of an example watershed. Necessary files for linking the two models and running the
coupled model accompany this document. These files include ArcGIS shapefiles and rasters,
SWAT model input files, and MODFLOW input files. This documentation can assist with
creating a coupled SWAT-MODFLOW model for a given watershed.

This documentation assumes that SWAT and MODFLOW models have already been
constructed for the study area.

TUTORIAL CONTENTS

1. OVERVIEW OF LINKING PROCEDURE

2. CREATING THE SWAT-MODFLOW LINKAGE

3. RUNNING THE SWAT-MODFLOW SIMULATION

4. WATER QUALITY USING SWAT-MODFLOW-RT3D*

*This portion of the modeling code is still being tested, and therefore currently is not part of this tutorial.
Use of the code and accompanying documentation are forthcoming.
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1. OVERVIEW OF LINKING PROCEDURE

Running a coupled SWAT-MODFLOW model requires that values of state variables be passed
(“mapped”) from the SWAT model to the MODFLOW model, or from the MODFLOW model
back to the SWAT model. The following state variables are passed between the two models:

e Soil deep percolation (from SWAT HRUs to MODFLOW grid cells)

e Remaining potential evapotranspiration (from SWAT HRUs to MODFLOW grid cells)
e Subbasin stream stage (from SWAT subbasins to MODFLOW river cells)

e Groundwater discharge (from MODFLOW river cells to SWAT subbasins)

e  Water table elevation (from MODFLOW grid cells to SWAT HRUs)

As SWAT HRUs do not have a designated geographic location, HRUs are disaggregated in pre-
processing GIS routines. Disaggregation splits apart an HRU into individual polygons that have a
specific geographic location. These Disaggregated HRUs (DHRUs) are then used to pass
variables between SWAT and MODFLOW. For example, Figure 1 shows a MODFLOW grid
(16 rows, 21 columns) and a SWAT subbasin with 4 HRUs (each in a different color). HRU #4
can be split apart to create 3 DHRUSs, each with a geographic location. These DHRUs then are
intersected with the MODFLOW grid, with the resulting weighted areas used to pass information
between SWAT and MODFLOW.

Legend
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Figure 1. Linking SWAT HRUs and MODFLOW grid cells
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The MODFLOW model is called as a subroutine within the SWAT modeling code. It replaces
the original SWAT groundwater subroutines. By default, the MODFLOW model is called daily.
However, any frequency can be specified in the swatmf link.txt file (see next section). The
following steps are followed within the code to fully link SWAT and MODFLOW:

For each day (or specified frequency of calling MODFLOW):

1.
2.

SWAT HRU calculations are performed

Map SWAT information to MODFLOW grid

- HRU values are mapped to DHRUs

- DHRU values are mapped to MODFLOW grid cells; Subbasin stream stage is mapped to MODFLOW
river cells

Run MODFLOW for current day

Map MODFLOW information to SWAT

- Grid cell groundwater discharge values are mapped to SWAT subbasins

- QGrid cell water table height is mapped to SWAT HRUs

Besides the typical output of both models (e.g. stream flow, stream stage, groundwater hydraulic
head), the code can also output the following variables:

Deep Percolation for each SWAT HRU ( = recharge to MODFLOW grid cells) (mm)
Recharge for each MODFLOW grid cell (m’/day)

Channel depth for each SWAT subbasin stream (m)

River stage for each MODFLOW river cell (m)

Groundwater/Surface Water exchange rate for each MODFLOW river cell (m®/day)
Groundwater/Surface Water exchange rate for each SWAT subbasin (m*/day)

These outputs can be used to create maps for the watershed. For example, Figure 2a shows the
spatially-varying average daily recharge provided to the water table by soil deep percolation, and
Figure 2b shows the spatially-varying average daily discharge from the aquifer to the stream
network for an example watershed.
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Recharge (mm/day)

Value

—Low:O

Discharge

8,000 m3/day|

Seepage
-8,000 m*/day

Figure 2. (a) Average daily recharge (mm/day) and (b) average daily discharge (m*/day) for an example watershed,
as simulated by SWAT-MODFLOW.
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2. CREATING THE SWAT-MODFLOW LINKAGE

The information required to link HRUs, DHRUs, SWAT subbasins, and MODFLOW grid cells
is contained in 4 text files that are read in at the beginning of the SWAT-MODFLOW
simulation. These text files are:

swatmf dhru2hru.txt (relates HRUs to DHRUs)

swatmf _dhru2grid.txt (relates DHRUs to Grid Cells)
swatmf _grid2dhru.txt (relates Grid Cells to DHRUs)
swatmf river2grid.txt (relates River Cells to Subbasins)

b=

The linkage information is stored in memory during the simulation and used when variables are
passed between the two models. The process of creating each of the 4 text files is as follows:

1. Perform basic intersection/extraction routines in a GIS
2. Prepare tables that contain results of the GIS routines
3. Run a FORTRAN program that creates the 4 SWAT-MODFLOW input .txt files

This process is now described in more detail. Example tables and SWAT-MODFLOW input files
are provided with this documentation.
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2.1 Linking Procedure using ArcGIS Routines

Linkage between HRUs and Disaggregated HRUs (DHRUs)

a. Begin with HRU shapefile (no thresholds)

b. Apply the GIS operation "Multipart to Singlepart” to get DHRUSs from HRU shapefile
c. Get Area, unique ID, and subbasin for each DHRU

d. Provide text file: hru_dhru. This file is sorted by the HRU and DHRU IDs.

At the top of the file:
Number of DHRUs
Number of HRUs

Then, the following columns:
dhru_id: 1D of DHRU (sequential numbering)
dhru_area: Spatial Area (m”) of the DHRU
hru_id: ID of the HRU from which the DHRU originates
subbasin: 1D of the Subbasin
hru_area: Spatial area (m”) of the original HRU

27336

6233

dhru id dhru area hru id subbasin hru area
1 4000 1 1 153900
2 900 1 1 153900
3 a00 1 1 1535900
4 400 1 1 153500
] 45300 1 1 153900
L] g9100 1 1 153900
7 7200 1 1 153900
] 00 2 1 7200

9 a00 2 1 7200
10 400 2 1 7200
11 00 2 1 7200
1z 1&00 2 1 7200
13 1800 2 1 7200
14 cannn 2 1 791100
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Linkage between DHRUs and MODFLOW Grid cells

a. Intersect MODFLOW Grid shapefile with DHRU shapefile
b. Calculate the overlap area between Grid cells and DHRUs
c. Provide text file: dhru_grid

At the top of the file:
Number of lines with information (starting on Line 4)
Number of MODFLOW grid cells

Then, the following columns (sorted by grid_id, then by dhru_id):
grid_id: 1D of the MODFLOW grid cell (only cells intersecting DHRU )
grid_area: Spatial Area (m”) of the grid cell
dhru_id: 1D of the DHRU
overlap area: Overlap area (m”) between the cell and the DHRU
dhru_area: Spatial area (m”) of the DHRU

[eszes

20925

grid_id grid area dhru_id owverlap_area dhru_are
1635 40000 27 919.357 9300
1636 40000 27 T828.82 9300
1756 40000 1158 18161.5 76500
1757 40000 1158 7514.35 76500
1757 40000 1159 477.83 272700
1757 40000 1368 1116.06 9000
1758 40000 1159 80.1897 272700
1760 40000 1159 10209.3 272700
1761 40000 1145 558.03 900
1761 40000 1146 800 800
1761 40000 1148 800 900
1761 40000 1159 2354.95 272700
17R% annnn 1147 IN1A NA 5400

d. Provide text file: grid_dhru. The same content as in dhru_grid, except sorted by
dhru_id, then by grid id. Also, the following information is needed at the beginning of
the file:

Number of rows (in the MODFLOW grid)
Number of columns (in the MODFLOW grid)

65869

27396

155

135

grid_id grid area dhru_id overlap area dhru area
2316 40000 1 1416.06 9000

2451 40000 1 8725.25 9000
2452 40000 1 858.695 9000
2316 40000 2 400 200
2314 40000 3 200 200
2173 40000 4 291.82 900
21748 40000 4 266.21 900
2310 40000 4 178.832 800
2311 40000 4 163.138 800
2041 40000 3 3374.65 45900
2042 40000 5 9015.5 453900
2176 40000 5 12561.2 45300
2177 40000 5 20948.6 45300
1ana Annnn I 7Ta27 1 2a1 0N
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Linkage between MODFLOW River Cells and Subbasins

a. Intersect SWAT stream network with the MODFLOW Grid
Calculate the length of each river segment within each Grid cell
Get Subbasin for each intersected Grid cell

Get grid_id for each cell

Provide file: river_grid

o e o

At the top of the file:
Number of lines with information (starting on Line 3)

Then, the following columns (sorted by grid column, then by grid row: must be
in the same order as in the modflow.riv file):

grid_id: 1D of the MODFLOW grid cell

subbasin: 1D of the Subbasin

rgrid_len: Length of the stream in the grid cell

1a9s7

grid id subbasin rgrid len
2434 9 19.00
2569 9 1859.00
41835 26 217.00
2570 9 213.00
2705 9 72.00
4150 26 15.00
4325 26 223.00
2708 9 275.00
2841 9 10.00
4328 26 180.00
4481 26 g2.00
2842 9 245.00
2977 | 95.00
44582 26 2759.00
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2.2 Create SWAT-MODFLOW Input Files

a.

Place hru_dhru, dhru_grid, grid_dhru, and river_grid files into the folder with the
CreateSWATMF.exe FORTRAN program.

Run CreateSWATMF.exe. This should only take 10-30 seconds to run. This will create
the following files:

swatmf _dhru2hru.txt

swatmf dhru2grid.txt
swatmf _grid2dhru.txt
swatmf _river2grid.txt

Create the swatmf link.txt file (see example file). This text file contains basic
information for the SWAT-MODFLOW simulation.

i.
ii.
iii.
1v.

V.

Flag for including MODFLOW (0 or 1)

Flag for including RT3D (0 or 1) (for RT3D linkage, see section V. below)
Frequency of MODFLOW runs (# of days between MODFLOW calls)
Flags for optional model output (0 or 1)

Flag for reading observation cells (observation file was created). If desired, a
modflow.obs file can be created. This file contains indices (I,J,K) for grid cells
for which groundwater head data will be output for each time step.

2.3 Replacing SFR or STR Packages with RIV Package

The SWAT-MODFLOW model uses the River Package (RIV) to simulate groundwater-surface
water interactions (groundwater discharge from the aquifer to streams; seepage from streams to
the aquifer). Stream stage is provided by SWAT. If the original MODFLOW model uses other
boundary condition or stream routing packages (e.g. Stream Package, Streamflow Routing
Package), these must be replaced with the River Package.

Changing to the RIV (river) package:

i

Remove .str or .sft files from the model

Create .riv input file: after first stress period, write “-1 0” to copy information for each stress
period. SWAT-MODFLOW will use the cell information (layer, row, column, conductance, river
bed elevation), and SWAT will supply river stage.
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3. RUNNING THE SWAT-MODFLOW SIMULATION

1. Place the following files in the folder containing the original SWAT model:
e MODFLOW input files
e MODFLOW name file (change name to modflow.mfn). Within the name file, add 5,000 to each
file identification integer. This is done so that file integers do not conflict with SWAT
input/output files.
e swatmf link.txt
e Mapping files:
- swatmf dhruZhru.txt
- swatmf dhru2grid.txt
- swatmf grid2dhru.txt
- swatmf river2grid.txt

2. Run SWAT MODFLOW.exe (rather than the original SWAT executable)

3. Besides the main SWAT and MODFLOW output files, the files designated for output in
swatmf link.txt will be contained in the main folder and begin with swatmf out

4. WATER QUALITY USING SWAT-MODFLOW-RT3D*

The modeling code includes a call to RT3D (Reactive Transport in 3 Dimensions) by
MODFLOW. RT3D simulates the reactive transport of solutes through the aquifer system.
Nitrate mass in deep percolation water is passed to RT3D grid cells (the same grid as used by
MODFLOW), and MODFLOW calculates the cell-by-cell nitrate concentration in the aquifer
and the nitrate mass loading from the aquifer to the stream network. If using RT3D is desired,
several input files are required and the “rt_active” flag in swatmf link.txt must equal 1.

*This portion of the code is still being tested. Use of the code and accompanying documentation are
forthcoming.
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