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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
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OVERVIEW OF LINKING PROCEDURE

OVERVIEW OF SWAT-MODFLOW CODE STRUCTURE
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RUNNING THE SWAT-MODFLOW SIMULATION
VIEWING RESULTS

WATERSHED WATER BALANCE IN SWAT-MODFLOW
WATER QUALITY USING SWAT-MODFLOW-RT3D
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1. OVERVIEW OF SWAT-MODFLOW

SWAT-MODFLOW is a new coupled hydrologic model that combines the land surface and
stream hydrologic processes of SWAT and the groundwater hydrologic processes of
MODFLOW to provide a comprehensive coupled hydrologic model for watershed systems.
Transport of contaminants in this coupled system also can be simulated by including the RT3D
(Reactive Transport in 3 Dimensions) model into the MODFLOW groundwater routines. The
inclusion of RT3D is not documented in this tutorial (see Section 8 for more information).

The processes simulated by each model are shown in the following figure. Processes simulated
by SWAT are shown with green text, those simulated MODFLOW in blue text, and those
simulated by RT3D (if desired) in red text. SWAT performs operations for land surface
hydrology, soil hydrology, and surface water hydrology; MODFLOW performs operations for
groundwater hydrology and interactions between groundwater and surface water; and RT3D
performs operations for solute transport in the aquifer and solute mass exchange between
groundwater and surface water.
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The remaining sections of this tutorial detail the code structure of SWAT-MODFLOW and the
process for linking SWAT features (HRUs, subbasins) with MODFLOW grid cells. A new
graphical user interface (SWATMOD-Prep) for facilitating the preparation of SWAT-
MODFLOW simulations is described in Section 9. However, a detailed tutorial for SWATMOD-
Prep has also been developed and is available on the SWAT-MODFLOW website
(http://swat.tamu.edu/software/swat-modflow/ ).




2. 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 and 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 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 HRUSs)

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 (DHRUSs) are then intersected with
MODFLOW grid cells in order to pass variables between SWAT and MODFLOW. Also,
MODFLOW River Cells, for which volumetric flow exchange rates between the aquifer and the
stream are estimated, are intersected with SWAT subbasins for transferring groundwater return
flow rates to the correct subbasin stream. The following figure 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 DHRUS, each with a specific geographic location. These DHRUs then
are intersected with the MODFLOW grid, with the resulting weighted areas used to pass
information between SWAT and MODFLOW. The subbasin also contains 19 MODFLOW River
Cells (shaded in blue). These River Cells will be linked with the subbasin, so that volumetric
flow rates of groundwater return flows to the stream will be given to this subbasin in the
watershed.

Legend
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3. OVERVIEW OF SWAT-MODFLOW CODE STRUCTURE

Both SWAT and MODFLOW are written in the FORTRAN programming language. The
MODFLOW model is called as a subroutine within the SWAT code. It replaces the original
SWAT groundwater subroutines, and hence these subroutines are not active when MODFLOW
is being used. 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 figure shows the structure
of the code. Within the daily SWAT loop, all subbasins calculations are performed first,
followed by mapping variables to the MODFLOW grid cell, running MODFLOW, and then
mapping variables back to SWAT. Routing of surface return flow and groundwater return flow
through the watershed stream network then can be performed for that day.

SWAT-MODFLOW Code Structure




4. 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)

bl

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 files

This process is now described in more detail. Example tables and SWAT-MODFLOW input files
are provided with this documentation.



4.1 LINKING PROCEDURE USING ARCGIS ROUTINES

This section describes the process to link SWAT features (HRUs, subbasins) with the
MODFLOW grid cells. The files used in this process are contained in the folder “Workshop
Materials\Example Simulation — LRW”, which contains all files necessary to create a SWAT-
MODFLOW model for the Little River Watershed near Tifton, Georgia. The files are contained
in the following 6 sub-folders:

1 SWAT LREW

2 MODFLOW LEW

3 Linking

4 SWAT MODFLOW LEW

5 View Results

6 SWAT MODFLOW RT3D LRW

e The 1" folder contains the SWAT model input files and the SWAT shape files (HRU,
River, Subbasin).

e The 2™ folder contains the MODFLOW simulation input files

e The 3" folder contains the 4 linking tables that will be created using GIS routines. These
files are placed here for your convenience. The process of creating these files is described
in this section.

e The 4™ folder contains files necessary for running a SWAT-MODFLOW simulation

e The 5" folder contains files for viewing results of a SWAT-MODFLOW simulation

e The 6" folder contains files for running a SWAT-MODFLOW-RT3D simulation

In the following procedures, the following two symbols are use frequently:

‘E) . Left click ’ : Right click



4.1.1 Linkage between HRUs and Disaggregated HRUs (DHRUs)

File to create: hru_dhu. This file has the following structure:

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: 1D of the HRU from which the DHRU originates
subbasin: ID of the Subbasin

hru_area: Spatial area (m?) of the original HRU

For example:

27396
6233

dhru_id dhru_area

[ e TR B T W Y Y S ]

11
12
13
14
15
16
17
18
19
28
21
22
23
24
25
26
27
28

Saae
Saa
cae
Saa
459648
891ea
72ae
Saa
Saa
Saa
Saa
1aeéa
1zaa
548608
42008
Saa
Saa
539684
5488
laee
Saa
Saa
cae
Saa
225968
1aee
Soae
27ae
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hru_id
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subbasin hru_area

153968
1539686
153988
153968
153988
153988
153968
7z

7208

7208

7z2ea

7208

7208

7911ae
791168
791166
7911ae
791166
791188
79llee
791166
791188
79llee
791168
791188
79llee
791168
278



1. Begin with HRU shapefile (no thresholds)

(D Import the “hrul” shapefile (1 SWAT LRW folder) into ArcMap

1 SWAT Model shapefies e @ E- UG




(2) Add the spatial area (m®) of the HRUs in the “hru_area” field

EHoes d
=F—
=8

T

@ Copy

O

2% R OPx
FiD | Shape® | OBJECTID | HRU_ID | HRU_GIS -
Polygon 4 1 | 000010001 @
Polygon 6 2| 000010002
|:> Polygon 1 3| 000010003
Polygon 52 4000010004
Polygon 51 5 | 000010005
Polygon 7 6 | 000010006
Polygon ] 7 | 000010007
Polygon 12 & 000010008
Polygon 5§ 9 | 000010009

- Type “hru_area” in Name

By Select By Attributes...

b7 ) ear Selection

B§  Switch Selection
(6 Selectall
Turn All Fields
Show Field Aliases
Asrange Tables

- Change Type to Float

1 ) Add Field L J
R e—

Shape * | OBJECTID | HRU_ID | HRU_GIS frg s =

Polygon 4 1 Name:

Polygon 8 2 | 000010002 e
Polygon 1 3 | 000010002

Palygon = 4| 000010004 Type: Eg v
Polygon Hl 5 | 000010005

Polygon T & | 000010008

Polygon B 7 [ 000010007

Polygon 12 | 000010008

Paolygen S5 % | 000010009

Polygon 3 10 | 0000100
_Polygon 2

Palygon [

Polygon 1

Polygan 25

Pokygon 19

Polygon 47

Polygon £l

Polygan £

Polygon 40

b 11 4

™

- Change property to Area
- Change unit to square meters

Calculate Geometry

Property: [acen
Coordnate System
) Use coordinate system of the data source:
[PCS: NAD 1983 Conbiguous USA Albers

() Use coordnate system of the data frame:
| PCS: NAD 1983 Contiguous LISA Albers

Ursts: [ [sam]

[7] Cakcudate sslected records only
Bout calodatng geometry

g
s

000010001)

:

g

SEEEEL

g
-

SRR L =1 e e ] e e e ] e = P3PS Y N PP PG Y FRPY O
i
3
=

slgdsEdeds
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2. Apply the GIS operation "Multipart to Singlepart" to create the DHRU shape file

(@ Open “Multipart to Singlepart” tool

-. =%
® % & 2|2~ [Local Search -

ALL  Maps Data  Teols

Irnultipart to singlepart | &

An nt v

Search returned 2 items v SotBy v

#,, Multipart To Singlepart (Data Manag...
Creates a feature d:&?inim single...
toolboxes\system tool \data manag...

#,, Dissolve (Data Management) (Tool)
Aggregates features based on specified a...
toolboxes\system toolboxes\data manag...

- Run "Multipart to Singlepart” tool
o T g 5] |

fy pa

Input Features
[heu =l

C+\sers\envpsg Desktop\Danny ProjectiSWAT-MODFLOW

WK [ caneal | | [ showhelo >>
3 s
y
-The “hru_d” shapefile will be added.
Table Of Contents. R
Hogs g

&

m]

- Specify a directory to save the “hru_d” shapefile

Input Features
[hrut =l

Output Feature Class
u:\ArcGIS\Default.gdb\wul_MultipartToSnglepart

Output Feature Class [

tookm: £ Analyss Semd E-aluoce

11



3. Get Area, unique ID, and subbasin for each DHRU

(1) Open the attribute table of the “hru_d” shapefile

FID Shape * OBJECTID | HRU_ID | HRU_GIS | hru_area | ORIG_FID

¥ o ] 1| 000010001 153900 ]

1| Polygon 3 1000010001 153900 ]

2 | Polygon 3 1000010001 153500 ]

ol l:> 3 | Polygon 4 1| 000010001 153500 0

Joins and Relates 4 | Polygon 4 1 | 000010001 153900 0

5 | Polygon 3 1000010001 153800 ]

@ Zoom To Layer & | Polygon : 11000010001 153900 o
":J Zoom To Make Visible 7 | Polygon 6 2 | 000010002 7200 1
. | Polygon 3 2 | 000010002 7200 1
Visible Scale Range 3 [Polygon s 51900010003 e=gs -
Use Symbol Levels 10 | Polygon g 2 | 000010002 7200 1

: 11 | Polygon 3 2 | 000010002 7200 1
Stlection 12 | Polygon G 2| 000010002 7200 1

13 | Polygon 1 3| 000010003| 791100 2

14 | Polygon 1 3000010003 791100 2

15 | Polygon 1 3| 000010003| 791100 2

16 | Polygon 1 3| 000010003] 791100 2

17 | Polygon 1 3000010003 791100 2

H
-
-

LI ]

(2) Create “dhru_id” field with long integer type

P L LEEE
M Find and Replace...

-Type dhru_id in Name
- Change Type to Long integer

Name: dhvu_id
% Select By Attributes... HRU_GIS | hru_area | ORIG_FID
= 000010001 153900 0 Type
td  Clear Selectior 000010001 153800 0 [l-lm!hﬂ
R4 Switch Selection 000010001 | 153900 0 Feid Propertes
€ SelectAl 000010001 153500 0 |::> [Precsion To
000010001 153900 0
[ AddFieid.. % |ﬂoooo1m1 153900 0
e o 0
Turn All Fields P :
[v| showField Aliases 3
s Adds a new field to the table. -
nge Tal _
3 Soo0To00] 7200 i
Restore Default Column Widths 000010002 7200 1 a
ud
FID Shape * OBJECTID | HRU_ID | HRU_GIS | hru_area | ORIG_FID {| dhru_id
» 0 4 1| 000010001 153500 0
1 | Polygon 4 1| 000010001 153900 0 0
2 | Polygon 4 1| 000010001 153900 0 0
3 [ Polygon 4 1| 000010001 153900 [] 0
| Polygon [ 1000010001 | 153900 0 0
5 | Polygon [ 1000010001 153900 0 0
6 | Polygon 4 1| 000010001 153900 0 0
7 | Polygon 6 2 | 000010002 7200 1 0
& | Polygon 6 2 | 000010002 7200 1 0
9 | Polygon ] 2 | 000010002 7200 1 0
10 | Polygon ] 2 | 000010002 7200 1 0
11 | Polygon ] 2 | 000010002 7200 1 0
12 | Polygon € 2 | 000010002 7200 1 0
13 | Polygon 1 3 [ 000010003 791100 2 0
14 | Polygon 1 3| 000010003| 791100 2 0
15 | Polygon 1 3000010003| 791100 2 0
16 | Polygon 1 3[000010003| 791100 2 0
| | 17 | Polygon 1 3 | 000010003 791100 2 0

12



(3) Create IDs for the DHRUs in a spreadsheet of Excel. It is important that the HRUs are sorted by
ID before providing IDs to each DHRU. This will be described in this step.

- Check the number of DHRUs

-1 500 e x

d I\ x

FID + | oBJECTID mE HRU_GIS | hru. ORIG. -
W 0 4 1 | 000010001 153900 0 ] @

1 4 1| 000010001 153900 1] ]

2 |Polygon \ B 1000010001 | 153300 [] 0

3 | Potygon 4 1 | 000010001 153900 0 ]

4 | Polygon 4 1 | DO0O1 0001 153800 [] 0

5 |Pobygon |\ 4 1 | 000010001 153900 [] 0

6 | Potygon \ 4 1| DO0O10001 153900 0 ]

7 | Polygon \N & 2 7200 1 0

8 | Potygon \ & 2| 000010002 7200 1 0

9 | Potygon LY 2| D00010002 7200 1 ]

10 | Polygon \& 2 1 0

11 | Polygon Sﬁl 2 1 0

12 | Potygon F] 1 0

13 | Polygon 1 3 2 0

14 | Polygon 11\ 3 F] ]

15 | Polygon 1] \ 3 F] ]

16 | Polygon 1 \3 2 0

17 | Potygon 1 \3 F] []

18 | Polygon 1 0 2
| | 19| Polygon 1 2

20 | Polygon 1 2

21 | Polygon 1 2 [] il

Y | Db 1 el n

- Sort HRU_ID field in ascending order

FID | Shape* | oBJECTID [ HRU ‘ dhru_id
0 | Potygon I 1 = SortAscending 0
1 | Palygon 4 [ T g 0 0
2 | Polygon ] 1 Sort | 0]
i Polygen : : S Simtmfwluesinthisﬁlld in —%—
s L 8 3 i amndmg_ order (A - Z}_(.'I. - 9). o
- ald' s I Satibecr

Polygon 4 1 0
7 | Polygon 5 I[E Field Calculator... 0
8 | Polygon 3 Z o 0
3 s c Caleulate Y ]
10 | Polygon 3 F Turn Field Off 0
:; WPI : ; Fr\emf_lln&eeu Column g
13 | Polygon 1 3 X Delete Field 2 0
14 | Polygon 1 E — 2 0
15 | Polygon 1 3[4 Prop > 0
16 | Polygon 1 3 [000010003 791100 2 0
17 | Polygon 1 3 | 000010003 781100 2 [}
18 | Polygan [ 3 | 000010003 791100 2 0
18 | Polygon 1 3 | 000010003 741100 2 0
20 | Polygon q 3 | 000010003 791100 2 0
21 | Polygon 1 3 | 000010003 791100 2 0
7 | Dabuvene 4 R e To14Mn a2 n

o 0> o[BS @ outof 2739 Selected)

0

- Create IDs of DHRU in a spreadsheet

> Copy IDs of DHRU

4

- Edit the “hru_d” shapefile

2 x

o8
= Layers
=8

s ]
& B bl
0

a8 Bxrxm

Copy

Remove

Open Attribute Table
Joins and Relates » BT
foom To Layer :
Visible Scate Range »
Use Symbol Levels

ool

2%o

Corwvert Festures to Graphics..,

Carvert Symbology to Representation... -
Data *
Save As Layer File...
Create Layer Package...
Properties...

13



- Paste the 1Ds of DHRU copied from the spreadsheet into “dhru_id” field

* First Check the attribute table of hru_dhru shapefile is sorted by HRU_ID

-8 RO x

AL HRU_GIS ORIG_FID

x @ v
23 g?

Paste

Paste

oo o|ajqinl

afa|alalalalole

- Save the edited hru_d shapefile

"o 1 v v ([E]® 7 (0 out of 27396 Selected)

E AR AP A

1625 | Palygon 38ETE 6231 | 02390058 #000

1625 | Polygon »re E231 | D0XIN003E 000

1644 | Potygon 3963|6232 | 002600001 50
b 1644 | B233 | DO2400002 18900
o4 21396 > o - 7 (0 out of 27396 Selected)
[hrud |

e Edt View Bookmarks Iniet Selection Geoprocening Customize Windows Help

raing= K ) 5 - A0 Blal

SNO/BZASS TR DS

W -B Iy A-»-




(4) Create “dhru_area” field with float type

- Type dhru_area in Name

o - Ry P& x - Change Type to Float
;. ) :!md and Replace... | B
By Select By Attributes... HRU_GIS | hru_area | ORIG_FID Name:  divu_area
B Cian Cobacting 000010001 153900 o Toge:
i Clear Selection 000010001 153900 ) I—M
B Switch Selection 000010001 153900 0 Field Properties
m Select All 000010001 153300 0 [Frecision o
000010001 153900 0 Ism o
| AddField... InLnoomoum 153900 0
Turn All Fiddf s —_— '1’
Show Field Aliases 1
Adds a new field to the table.
Arange Tables _ _ .
000010002 7200 1 -
Restore Default Column Widths 000010002 1 | ok

o|lo|o|o|jo|o|a|o

v

- Calculate the spatial areas (m?) of the DHRUs

- Change Property to Area

1 - Change Unit to square meters
dhru_id dhru_area - g -
1 & SortAscending al B
g 4 SurtDas:endir{g Yot —
ry Advanced Sorting... Cosraiats Syt
5 v o 0 Use coordinate system of the data source:
: 3 Statistics... :> |PCS: NAD 1983 Contiguous USA Albers
E] [ Field Calculator... 17} Use coordnate system of the data frame:
] TR [PCS: MAD 1983 Contiguous USA Albers
® Calculate Geomety.
1 Tumn Field Off frene E’“ prevmer
12 Freeae/Unfreeae Co| T
L n Pa [ Calaudate selected records only
14 X Delete Field thi
i3 der a
—
FID | Shape® | OBJECTID | HRU_ID Illl__ Ilu_:‘n ORIG_FID | dhru_id dhru_area
0 | Polygon 4 1 | 000010001 153900 0 1 8000
1 | Polygon 4 1 | 000010001 153900 0 2 200
2 | Polygon 4 1 | 000010001 153900 0 3 200
3 | Palygon 4 1 | 000010001 153900 0 4 200
4 | Palygon 4 1 | 000010001 153900 0 5 45800
5 | Polygon 4 1 | 000010001 153900 0 & 83100
6 | Polygon 4 1 | 000010001 153900 0 T 7200
7 | Palygon & 2 | 000010002 7200 1 8 200
8 | Polygon & 2 | 000010002 7200 1 ] 200
39 | Polygon & 2 | 000010002 7200 1 10 200
10 | Polygon & 2 | 000010002 7200 1 1 200
11 | Polygon & 2 | 000010002 7200 1 12 1800
12 | Polygon & 2 | 000010002 7200 1 13 1800
13 | Polygon 1 3 | 000010003 79100 2 14 54000
| 14 |Palygon 1 3 | 000010003 791100 2 15 423000

15



(5) Intersect the “hru_d” with the “sub1” shapefile

- Add the “sub1” shapefile to layer

Add Data
LY =

-] lookin:  [CjswaATModelshapefies | & B B[ E |21 G
T

= @ hn P AddDsta. '
(] 1Y Meuswuyg Narge

BB Y o New Basemap Layer (@ nrulshp

]
(8 Copy
B Pastelayeris

Turn All Layers On
Turn All Layers Off
Select All Layers

Expand All Liyers

= Collapse All Layers
Reference Scale
Advanced Drawing Options...
babilicg

Table Of Contents
fooB g
=8

Layers
subsl
0
= B hud
]
Thrul
a

() monitoring_paintsl.shp
[Foutletsl.shp

16



- Add the “sub1” and “hru_d” shapefiles
in Input Features

G - Specify the output feature class name (hru_dhru) and
BAQ 3w (T [\ Buffer directory
Drawing~ K () % (I~ A - (< | 0] e 2 e “, Intersect
o =
Haes g L ;
a%m ) Search ForTools Rarks E]
ol @ ArcToolbox ‘ subsl @
= B hud % Environments.. < hru_d
= E) Results E> [i]
& B hrul
o 3= ModelBuilder
o 4
LRr m 'R
A\ouput Feature Class
Janry\Project\SWAT-MODFLOW tutorialiAnalysisihru_dhru.shp
ALL
XY Tolerance (optional)
[meters v]

InPUT




(6) Select only the necessary fields (You can cither turn off or delete an unnecessary field)

Joins and Relates

B E?lui Zoom To Layer
(] e Zoom To Make Visily |
idasaiidii Subbasin i Valyes ::m
Use Symbol Levels = HRU_ID 5 Wib éffotwh bdf;ons,-
Selection hru_area you can change the oraer.
Label Features dhm_ld
EdtFeatures dhru_area

S Convert Labels to Ar
%o Convert Features to
Convert Symbology
- :
Sove As LayerFilee,

-8R0 0Fx

B o

=lal

t-

—
L

| Allow NULL Values

:
H
. I

§§§E§g§§§§§§§§ﬂ§§§§§§g

W W W W W W W R AR AR R b b | b | || ok | b

18



(7) Provide text file: hru_dhru (This file is sorted by the HRU and DHRU IDs)

- Export the attribute table of the “hru_dhru” shapefile as dBASE table (*.dbf).

o o8 Ll - BB D & x
& & Layers d and Replace..,
=8 i A dhiu, -
= @ copy ? S.chcl'Dymhms... : 5| (3
SR bl | % Remove B Clesr Selection = G
72 | TR T B4 Switch Selection 3 )
= B hud [EOpen AtTBAC TN [ selectaul [ 900
= Joing and Relates 3 5900
— Open At .
E Bl | Zoom To Layer Add Field... 5 #9100
= B Zoom To Make Visibie Open Bl Tum All Fields On 7 7200
N~ ’ Shorte g : B8 200
Visible Scale Range Inyer @ B Show Field Aliases 3 %00
Use Symbol Levels Auange Tables g £
1" 900
Selection » Restore Default Column Widths 12 1800
Label Features Restare Default Field Order 13 1800
- — 1 54000
Edit Features * Joins and Relates [T 23000
A vert Lakiels to Ansetation Related Tables » 16 900
g Comvert Features to Graphics.., i Create Graph.. :: mm
Convert Symbaology to Representation... Add Table to Layout 18 5400
B 20 800
D , O Reload Cache - S
& Save As Layer File... & Prnt. | %1 &N
@7 Creste Layer Package... Reports P 23 00
" - 24 900
(% Properties... Bport.. 25| 225000
Appesrance,., » 00
- Change Type to dBASE Table - Specify the output table name (hru_dhru_db)
g — and directo
tookin: [ Ansyss HeBQlE-ales Dt
Name Type

<: the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

Qutput table:
C:\Users\ervpeghDekiop\Danny\Propec\SWAT-MODFLOW tutors |2

- Open the “hru_dhru_db” file with Excel

4 A | 8 | = | o | E

1 Subbasin HRU_ID  hru_area dhru_id  dhru_area

iz 1 1 153900.00000000000 1 9000.00000000000
| & 1 1 153900.00000000000 2 $00.00000000000
Lo 1 1 153900.00000000000 3 900.00000000000
sk 1 1 153900.00000000000 4 900.00000000000
sl 1 1 153900.00000000000 5 45900.00000000000
7 1 1 153900.00000000000 6 89100.00000000000
8| 1 1 153900.00000000000 7 7200.00000000000
9| 1 2 7200.00000000000 8 900.00000000000
10 1 2 7200.00000000000 9 900.00000000000
1 1 2 7200.00000000000 10 900.00000000000



- Use Filter and Sort HRU_ID column in ascending order

" WBS [E [T

i A [ eee i EO-A-C
1 |Subbasin [HRU_ID] _Area.
2 VI K R
3 1 142 gopy
s 1 1 B
-s—' 2 i| Paste Special...
| 1 1
8 1 i Insert...
1 2 Delete...
il_:l 1 i Clear Coptents
—=— 1
11 i I Fingr
=2 1 i s @
13 4
14 1 z =l Insert Comment
15 1 15 Format Cells...
16 1 # Pick From Drop-down List...
17 1 3 Define Name...
_@__ 1 3‘, t Hyperijnk...
_19 1 3T IIOUUOUOUOUOUUT

~dhru_id dhru_area

Filter by Selected Cell's Color
Filter by Selected Cell's Font C

Filter by Selected Cell's Jcon
900.00000000000
63900.00000000000

(4] A B c =5 E
1 Subbas ~ [HRU area |+ | dhru_ ~ |dhru_area
3l sortsmalestto g) 1 9000.00000000000
%} sortLargest to Smaliest 2 900.00000000000
» 3 900.00000000000

Sort by Color

- Change the order of the columns and correct the column names

- Insert two rows at the top of the spreadsheet and
write the numbers of DHRUSs in 15t and HRUs in 2™ row

- Reduce the number of digits after decimal point if desired

4l A |
1 27396
| 6233

EUahESREBovwue vwsewner

HEEEEHEEREEEE R

B

c

1
1
2}
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3

|

_—

2
'3 |dhru_id| ~ |dhru_area |~ | hru_id|-!|subbasin|~ hru_area |
a

| e |

1 153500
153500
153900
153500
1535900

L i e I e e e S I S~

_r:_:_ﬂ@ g
41 Sort Smallest to Largest b
%1 sortLargest to Smallest

Sort by Color v

& Clear Filter From "HRU_ID"
Fitter by Color L4

|ﬂ Number Filters »

- Save the spreadsheet as “hru_dhru” with text file format

File name:  hru_dhru
Save astype: | Text (Tab delimited) (")

1 27396
2 6233
3 dhru_id dhru_area hru_id subbasin hru_area
1 geee 1 1 153900
5 2 900 1 1 153908
6 3 gee 1 1 153908
74 9ee : 1 1539ee
g s 45988 1 1 153900
56 g91ee 1 1 153900
1 7 7200 1 1 153908
11 8 9ee H 1 72080
12 9 gee 2 1 7200
15 1@ gee 2 1 7200
1“1 gee 2 1 7200
15 12 1see r 4 1 7200
16 13 188¢ 2 1 7200
17 14 s4gee 3 1 791100
1815 423000 3 1 791100
19 16 gee 3 1 7911ee
2 17 900 3 1 791180
21 18 63988 3 1 791100
22 19 s4ge 3 1 791100
23 20 1see 3 1 791188
24 1 9ee 3 : | 79112

4 & [ B ] c

(1]

e
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4.1.2 Linkage between DHRUs and MODFLOW Grid cells

File to create: dhru_grid. This file has the following structure:

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: ID of the MODFLOW grid cell (only cells intersecting DHRUSs)
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

For example:

61838
191786

grid_id grid_area

16

16

16

17

17

17

17

17

138

137
138
138
139
139
139
148
141
142
142
142
143
143
143
143
143
144
144
144
144
144
145
145
145
152

4aa08
4aaa8
4aaa8
4888
48808
4geae
4geae
4aaa8
4aaa8
4888
4888
4geae
4geae
4aa08
4aaa8
4aaa8
4888
48808
4geae
4geae
4aaa8
4aaa8
4888
4888
4geae
4geae
4aa08
4aaa8
4aaa8
4888
48808
4geae
4geae
4aaa8

7
58
63

7

27
57
58
63
57
1158
1158
1182
1158
1159
1368
1159
1158
1148
1159
1261
1145
1146
1155
1158
1261
1147
1155
1156
1157
1163
2356
1147
1157
63

dhru_id overlap_area

Seae
6aa
19a8
Gaaa
6988
oee
Jee
oaa
4aa
5688
251aa
4588
soae
33g8e
4288
1488
g3ea
oaa
2laee
Jee
Saa
Saa
3208
a8
1588
27ee
4@
Saa
Taa
a8
laaa
27ee
1788
11aa

Soae
Saa
315686
7288
9968
4588
EL
31568
4588
76588
76588
117ae
7aoee
272768
Sasa
272788
272768
ELE
272788
53laee
Saa
Saa
68488
272768
53laee
5488
ca4ae
Saa
71Bae
6388
2ea7ee
5488
7208
31568

dhru_area
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1. Create MODFLOW shapefile

(1) Create a fishnet of rectangular cells as MODFLOW Grid cells

- Open “Fishnet” tool £, Creste Fishnet
Qutput Featre Class
i ———————————————————————————— s - . Spetify yﬂur diremw
O A L kv b - ~ - Name “dhru_g" for output feature class
- Choose the "hru_dhru” shapefile for
. Too template extent
#, Create ta Management) (Tool) Left
it S Mhguntc.cofles Tha Suig 1150707.311589 177737311588 T swillbe g
- [ DOV | = after setting a template extent.
1010485.601003
Fishnet Origin Coordnate
XCoordrate Y Coordnate
1150707.311588887 1010486.601002884
¥-Axis Coordinate
XCoordnate  YCoordmate
1150707, 311588887 1010496.601002584
Cell Size Width
Cel Size Heigh 5 - Set MODFLOW grid cell sizes
— Number of Rows
| E L e % - Set the numbers of rows and columns
* If you want the number of rows and columns |  Opposite comer of Fishnet (cptonal) - . M
to be automatically calculated using the values | XCosrdnate L Cell Size Height
in the Cell Size Width and Cell Size Height, ' !
SET these values to zeros. [TCreate Labal Points foptional)
They will be calculated when the tool is run,
=- Change Geometry Type to POLYGON

i

Eoaos g
=8




(2) Generate IDs of the MODFLOW grid cell (The origin of MODFLOW grid starts at upper left corner)

- Open the attribute table of the “dhru_g"” shapefile

Table Of Contents ?x I
2068 3
Eg 9% BBEE x
=] — 3
O |[(® Copy FiD | Shape* [ id -
2 B brudi % Remove 0 | Polygon 0 3
= 1| Polygon 0
= @ subst |1I)_Open Attibute Table 1T W
B? , Joins and Relates 0 3 p‘“ i
=] n_d | ¢ 5 9
s df Zoom To Layer Openthis : Polygon e
@ bl T Zoom To Make Visible Shorteut: E: T s =
5 y Polygon
o Visible Scale Range fyer nsme ) 8 Poygon | 0
9 | Polygon 0
Use Symbol Levels | 10 | Polygan 0
Selection 3 11 | Polygon e
12 | Polygon [
Label Features 13 | Polygon []
Edit Features ’ _%W :
S8 Convert Labels to Annotation 176 [ Potygon [
: |17 Polygon 0
% Cmvmfeﬂtue.ﬂo(iu:mcsu T 5
Convert Sy gy to Rep (|19 Povgon 0
Data % 20 | Polygon [
|| 21| Polygon []
<> Save AsLayerFile... [ |22 Polygon []
P ke 23 | Polygon L]
§ Create Layer Package. Tl 5
[ Properties... |25 Polygon 0
[ |26 Potygen 0
|| 27| Polygon []
|| 28] Polygon [
| | 29| Polygon []
= 30 | Polygon 0
Clear selected features 1 =
|| 32 Polygon []
33 | Pelygon 0
|| 34 Polygon 0
|35 Polygon 0
| |36 Polygon 0
: — 37 | Polygon 0
| | 38 Polygon []
[ | 39| Polygen []
40 | Polvoon [] x
"4 1 v [E-
{1 out of 19176 Selected)
dhru_g |
SiSTIEIBNEEIERAS SRR BAABNARIEE

* The origin of the “dhru_g” shapefile starts at LOWER left corner




- Open the “Polygon to Raster” tool

@ % & |~ [local Search

ALL Mapy  Qama  Iesh
{polygon to rasteq

| dhru_g - Select “dhru_g" for Input Features

- Value fieid

Any Exiont = FID - Choose the “FID" for Value field

S Output Raster Dataset = : ;

Erushraunsadien _ e O A = .@ - Specify your directory

“, Raster to Polygon (Conversion) = el - Name "dhru_grid” for output Raster Dataset
Converts a raster dataset to poly E> Cel assigrment type (optional)
tootboxes'system toolboxes\conve CELL_CENTER - Select MCELL_CENTER"

#,, Interpolate Polygon To Multipat Priority field (optional)
Creates surface-conforming multipal NOMNE - Select “NONE™

toolboxesisystem toolboxes\2d an:

#,, Polygon to Rast ONVErsion)
Converts polygon s lo 3 ra

toclboxes\system totMBoxes\conve

- Type your MODFLOW grid cell size

n.-{qmend)
200

4, Extract by Polygon (Spatial Anal
Extracts the cells of & raster based
toolboxes\system toolboxes\spatial




- Open the “Raster to Polygon” tool

8o
ALL  Maps  Dam Yool

[raster to polygon|

Any Extent v

Saarch ratumed 16 items v
'\ iy
Cmmnrﬂu'gph

EHooB @

= &7 Layes

Input raster

- Select “dhru_grid” for Input raster

| dhru_grid
Feld (optional)
VALUE - Choose the “VALUE" for Field
[ ygon features ¥
- Specify your directory
comzdedik nslysis 02 oy (8 - Name "dhru_gr” for output polygon features

polygans foptional)
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- Open the attribute table of the “dhru_gr” shapefile - Click “FID 0" and see where it starts
The origin of the “dhru_gr” shapefile starts at UPPER left corner

Zoom To Make Visible

= [ dhug

O Visible Scale Range
& & hru_dh Use Symbol Levels

= =

Selection

= O subst

=] Label Features
5 & hud Edit Features

O

e @ hul 34 Convent Labels to Annotation
O %o Convert Features to Graphics...
Convert Symbology to Rep
Data »
Save As Layer File...

alalat ol bl Ll ol 3
B|3|3(3|3| 52|02 v|a|v|o|n|a]|e|n=|e

]
-

- Clear selected features

T o x

-8 B E #
B - X
Shape* | ID | GRIDCODE - 4:1
Polygon 1 19040 [
Polygon 2 19041
Polygon 3 19042
Polygon ] 19043
Polygon < 19044
Polygon 6

2
23
24
25
26
27
28
29
30
3
32
33
34
35
36
37
28
39
40
4




- Create the “grid_id” field with “longinteger” type (“ID” field can be used for “grid_id” field and edit the field name in Excel)

! X

B- &y 0 &

nd and Replace...

Switch Selection
Select &ll

Select By Attributes...

Add Field...

g6 @

-
]
[
[

]
[]

Turmn &l Field
Show Field Aliases

Arrange Tables

Restore Default Column Widths

Restore Default Field Order

Joins and Relates
Related Tables
Create Graph...

Add Table to Layout
Reload Cache
Print...

Reports

Export...

Appearance...

]

Shape
0 | Polygon 1
1 | Polygon 2
2 | Polygon 3
3 | Polygon 4
4 | Polygon 5
5 | Polygon 6
6 | Polygon 7
7 | Polygon 8
8 | Polygon 9
2 | Polygon 10
10 | Polygon 1
11 | Polygon 12
12 | Polygon 13
13 | Polygon 14
14 | Polygon 15
15 | Polygon 16
16 | Polygon 17
17 | Polygon 18
18 | Polygon 19

Potygon

Polygon

Polygon

Polygon

Polygon

Polygon

Polygon

Polygon

Polygon

Paygon

CEEEREEEER

FHESE R B R

L3882 BRRE

oﬂmmhun-na

O O~ &iWw k-

olo|ojo|ojo|joio

- Use Field Calculator to generate values for

“grid_id” field

Double Click
or

Type "[ID]"

M

Sort Ascending
Sort Descending
Advanced Sorting...
Summarize...
Statistics...

|7} Show CQpdeblock

then dick “OK”

Field Calculator...
Calculate Geometry...
Turn Field Off
Freeze/Unfreeze Column
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(3) Calculate the spatial area of the grid cell

- Create the “grid_area” field with “long integer” type

n and Replace...
Select By Attributes...
- Do am—
ol ear selecor m‘ 2
B Switch Selection 042 3
043 4
i} .Sve.lect.mt. , E Q
Mdﬂddm‘ B
Bl TumAlFi nar. ?
[] ShowField Aliases fdd Fleld
Armange Tables . Adds an«rﬁd:huﬂu table.
Restore Default Column Widths 7 2
Restore Default Field Order 052 13
= 053 14
Joins and Relates ¥ o5q 15
Related Tables » 16 P
dip Create Graph... :; FID _ml
Add Table to Layout 0 | Polygon 1 19040 1
1 | Polygon 2 19041 2 0
Reload Cache 2 | Polygon 3 19042 3 0
3 | Polygon [ 19043 [ 0
4 | Polygon 5 19044 5 0
B “ " e " 5 | Polygon & 19045 ] 0
Set Prpperty to “Area 8; Units S&uare M:t_ers_ : S L > Liias = 3
I-'Clhllg_ﬁnlmuy ¥ A J
| proverty:  [aces |
| Coordnate System - Calculate the spatial area of the grid cell for
18! Use coordinate system of the data source: “grid_id” field
|PCS: NAD 1983 Contiguous USA Abbers
i i
[PCS: NAD 1583 Contiguous USA Albers g & SortAscending
¢J 0%  SortDescending
Lt |Square Meters [sam] | : Advanced Sorting...
| [T Calouste selected records only : S ;
[ T Statistics
[ a
o [l Field Calculator...
0 Colculate Geometry.gy
@ o TumField Off
Shape * 10 GRIDCODE | _grid_id : Freeze/Unfreeze Colu
Polygon 1 19040 1 ~
Polygon 2 19041 2 g X Delete Field
Polygon 3 19042 3 o F Properti
Polygon 4 19043 4 T
Polygon 5 19044 5
Polygon 3 19045 6
Polygon 7 19046 7
Polygon 8 19047 8
Polygon 9 19048 9
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon

28



2. Intersect the “dhru_gr” shapefile with “hru_dhru” shapefile

(1) Intersect the “dhru_gr” shapefile with “hru_dhru” shapefile

- Run Intersect tool

Search For Tools
ArcToolbox
Environments...
Results
ModelBuilder

Python

Fed

essing Opti

- Add the “hru_dhru” and “dhru_gr” shapefiles
in Input Features

- Specify the output feature class name (dhru_grid) and
directory
“_ Intersect =8 %

-

Input Features

[« =) x] [+ ®

Fe| i, d
roject\SWAT-MODFLOW tutorial\Analysis_02\dhru_grid.shp
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(2) Calculate the overlap area between Grid cells and DHRUs

- Create the “overlap_area” field with the “Float” type

2 x

- T [ o Tl T
= =] o1 ]
883 = Eeren e e
1500 w0 700 | e 180t ™ 000
| V53508 [ Ti1 | 763 | e 40000
- = e —
B 183908 %300 welae| e W w0000
153500 45500 560 | . 18512 “t D000
] 153900 45500 EDEZ] 18513 =] 000
| 183600 4100 ?E o & m 40000
- 15700 906 e L n 000
V Joins and Relates ] s s 3-_%- o
. - (] [ 1] a8 s 18557 4 D000
High:| @ Zoom To Layer u e e | )
55 Zoom To Make Visible - L] VEX0 %0 L3 L 19056 L1 40000
il b P ' 5 s . -
\_n“ns:kacnleRu!g_g 5 7200 %0 (64| wsit £ 45008
TG e A4 427 1BES0 27 40000
Use Symbol Levels ] b =
o2 any [ toutm g ' = e I
- e 1107 | 110 LL il 1908 #0000
O Label Features ] T T x e Wl—dﬁ
00 AceC 124 1244
& B subsl Edit Features B s i — S
O M e kA H i B e o
= & hrud : o BRSO | | L] FH1108 ¥ 23600 )
Convert Features to Gra - - ik 3 33008 [ @s]  abooo]
= S ] i i 3 @ e W0b0
= @ hnl _CummtSymhelegyto_ ] 5 :::: 3 ﬁm ‘—‘3‘:‘ o
o = 5 : = 5
| & L] 1! 47000 T Ll
<> SaveAsLayerFile... - ‘ e Cj— Ci—
@ CresteLayw Packag n i — — oo
. 1 1 bkl ATI0C [ 000
P Properties... u 3 i e 23000 % w0000
ey i i 71100 23500 a7 w00

Gj‘e}n-iﬁﬁ & %
nd and Replace...

Select By Attributes...
Clear Selection

Switch Selection

()
&
=
3
®
=]

Arrange Tables

Restore Default Column Widths
Restore Default Field Order
Joins and Relates
Related Tables

dly Create Graph...

Add Table to Layout

Reload Cache )

Print...

Reports

Export..

Appearance...

it o

(A= S NIRRT I e e e e e

- Type “overlap_area” in Name

- Change Type to Float
-
Add Field ;, p
MName: ovedap_area
I T}ﬂ‘ |M !:.]
I

Field Properties

Precision

o

Scale

* Warning will be shown as the following figure. Click “Yes".
The name will be edited with Excel later,

The specified field name "overlap_area” is invalid because it is too long. Do you
want to automatically rename the field to "overlap_ar™?

| Yes. @ [
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- Calculate the overlap area between Grid cells and DRHUs

- Set Property to “Area” & Units “Square Meters”

= —— oo T 5 3
i| oridid | grid ares | overlap ar® '
i 702 40000 Gk SortAscending | i (acea
s 88 40000 oF Sort Descending | -
: m m : Ak Saitlais. : Coordinate System
- 0 Sias 3 = - @) Use coordinate system of the data source:
PCS: NAD 1583 USA Albers
i — I ——
i e 40000 4@ Field Calculstor.. =D ) Use coordinate system of the data frame:
3 652 40000 [ e .
2 = b Calculate Geo |PCS: NAD 1383 Contiguous USA Abers
7 292 40000 0 Tum Field Off
2 429 40000 G X Delete Field
: ::? m :ﬂ' P = || Calculate selected records only
U__ 17 40000 o Q
Subbasin | HRU_ID | hru_area | dhru_id | dhru_area | FID_dhru_g | ID | GRIDCODE | grid_id grld_area ar
1 1 153900 1 S000 701 | 702 18381 702 40000 4500
1 1 153900 1 9000 837 | 838 18245 838 40000 4500
1 1 153900 2 900 701 | 702 18381 702 40000 900
1 1 153900 3 500 701 | 702 18381 702 40000 500
1 1 153900 4 900 559 | 560 18511 560 40000 500
1 1 153900 5 45900 424 | 425 18648 425 40000 $800
1 1 153900 5 45900 425 | 426 18649 426 40000 10900
] 1 153900 5 45900 560 | 561 18512 561 40000 15100
1 1 153900 3 45900 561 | s62 18513 562 40000 10100
1 1 153900 3 89100 290 | 291 18786 291 40000 16500
1 1 153900 6 89100 291 | 292 18787 292 40000 3300
1 1 153900 6 89100 426 | 427 18650 427 40000 7200
: ] 1 153900 6 89100 427 | 428 18651 428 40000 30300
1 1 153900 6 89100 428 | 429 18652 429 40000 14400
1 1 153900 6 89100 564 | 565 18516 565 40000 16800
1 1 153900 3 89100 700 [ 701 18380 701 40000 600
1 1 153900 7 7200 16| 17 19056 17 40000 6000
1 1 153900 7 7200 152 | 153 18920 153 40000 1200
1 2 7200 8 900 837 | 838 18245 838 40000 900
1 2 7200 92 800 563 | 564 18515 564 40000 900
1 2 7200 10 900 426 | 427 18650 427 40000 900
1 2 7200 1 900 290 | 291 18786 291 40000 900
1 2 7200 12 1800 290 | 291 18786 29 40000 1800
1 2 7200 13 1800 ‘ISL 153 18920 153 40000 1800
1 3 791100 14 54000 972 | 973 18108 973 40000 6600
1 3 791100 14 54000 1107 | 110 17971 1108 40000 2400
1 3 791100 14 54000 1108 | 110 17972 1109 40000 24300
1 3 791100 14 54000 1243 | 124 17835 1244 40000 5100
1 3 791100 14 54000 1244 [ 124 17825 1245 40000 15600
1 3 791100 15 423000 562 | 563 18514 563 40000 1700
1 3 791100 15 423000 563 | 564 18515 564 40000 2200
1 3 791100 15 423000 693 | 694 18373 694 40000 2400
1 3 791100 15 423000 694 | 695 18374 695 40000 14700
1 3 791100 15 423000 695 | 6%6 18375 696 40000 14100
1 3 791100 15 423000 696 | 697 18376 697 40000 1200
1 3 791100 15 423000 697 | 898 18377 698 40000 4500
1 3 791100 15 423000 698 | 699 18378 699 40000 35500
1 3 791100 15 423000 699 | 700 18379 700 40000 34700
1 3 791100 15 423000 700 | 701 18380 701 40000 8700
1 3 791100 15 423000 830 | 831 18238 831 40000 9900
1 3 791100 15 423000 831|832 18239 832 40000 38400
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(3) Select only the necessary fields (You can cither turn off or delete an unnecessary field)

Table Of Contents & X

o8
= e Layers
=8
5] Copy
5 B dhrugr | % Remove
] x
a8 d'"lwid. Open Attribute Table
Value Joins and Relates
lHigh; @ Zoom To Layer
Low:0l * Zoom To Make Visible
Visible Scale Range
= B dhnug Use Symbol Levels
B Selecti
= B hru_dhru
=) Label Features
9 B subsl Edit Features
g % o1t Labels to An
O hnud | ComventLabels to Annota
2] % Convert Features to Graphic|
= B hul Convert Symbology to
= Data
< Save As Layer File...
'O Create Layer Package...

Data Tw!
.. Name
B Allow NULL Values

grid_id
grid_area
dhru_id
overlap_area
dhru_area

nes

Using these arrow buttons,
you can change the order.

_ObJ!tﬂD
FD

grid_area | dhru_id | overlap_ar | dhru_area
» 40000 1 4500 9000
40000 1 4500 9000
40000 2 900 900
40000 3 900 900
40000 4 500 00
40000 5 9800 45900
40000 s 10800 45900
40000 5 15100 45500
40000 5 10100 45500
40000 6 16500 &9100
40000 6 3300 83100
40000 € 7200 83100
40000 6 30300 83100
40000 6 14400 89100
40000 6 16800 89100
40000 6 89100
40000 T
40000 7
40000 &
40000 9
40000
40000
40000
40000
40000
40000
40000
40000
40000
40000
40000

§EEsEtssslsnsys

E E| 1~ ¥ | options ~

Then, click OK.
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(@) Provide text file: dhru_grid (This file is sorted by the “grid_id”, then by “dhru_id”)

- Export the attribute table of the “dhru_grid” shapefile as dBASE table (*.dbf)

Zoom To Layer

Zoom Te Make Visible

Low:Q *
Visible Scale Range
= @ dhrug Use Symbol Levels
& Selection
= B hru_dhru
[52) Label Features

Edit Features

Saving Dat:

- Change Type to dBASE Table

Lookin:

3 Analysis e E- s ad

Name Type
[heu_dheu_db.dbf dBASE Table

- Open the “dhru_grid_db” file with Excel

By Select By Attributes... verlap_ar
(84 - HEAT SEMECTION "m m
B Switch Selection 900 900
[0 Selectan 08 ol
500 900
Add Field... 8200 45900
Tum Al Fields On 10600 43900
15100 45500
Show Field Aliaces 10100 45900
Arrange Tables 18500 9100
- 3300 89100
Restore Default Column Widths 7200 29100
Restore Default Field Order 30300 89100
14400 85100
Joins and Relates 16300 59100
Related Tables 600 £9100
6000 7200
iy Create Graph... 1200 7200
Add Table to Layout %00 900
900 900
o Reload Cache 300 300
& Print.. 500 500
1800 1800
Raponts 1800 1800
Export... 8800 54000

- Specify the output table name (dhru_grid_db)
and directory

Export Data

Export:

| Al records.

Use the same coordinate system as:
this layer's source data
the data frame

the feature dataset you export the data into
{only applies if you export to a featre datasst in a geodatabase)

Output table:

(4] & | B | =br i E
1 dhru_id dhru_area grid_id  grid_area overlap_ar
2 1 9000.00000000000 40000 4500.00000000000
3 1 9000.00000000000 40000

a4 2 900.00000000000 40000

5| 3 40000

il 4 40000

| 5 40000

8 5 40000

15 5 40000

10 5 40000

39 6 40000

12 6 40000

__’1!; 6 40000

14 6 40000

C:\Users'\envpsg'\Deskiop \Danny'\Project \SWAT-MODFLOW tutoral
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- Use Filter and Sort the “grid_id” columnin ascending order

A a | e .'ﬁ.‘.'.‘.’"“'.-'*_‘”_'.! & | u oA | 8
1 |dhru_id dhru_area d "aﬁ et = | 1 |dhru_~ dhru_area
2 1 9000.00000000000 N T e e i
= 703 Comy 6184 81 Sort Smallest to Largest
8 2 900,00000000000 707 [ Paste Options: 6184 %] sort Largest to Smallest
5 3 900.00000000000 nm e | 6184 Sort by Color N
[ 4 900.00000000000 560 6
= . o Paste Special I 184 &  Clear Filter From “grid_id"
=i | dnsert. | 6184 =
gl 5 45900.00000000000 - | = Filter by Color ,
B 5 45500.00000000000 425 ot : AN — )
10 5 45500.00000000000  42€  ClearContents | = o184V Number Eiters ’
n 6  §9100.00000000000 01 g Wl % cizarrn 6188  [Search ]
12 6 89100.00000000000 565 spnt " |G Eeavphy ] Al) =
13 6  59100.00000000000 427 |
S 1 Insert C nt
oy & snoo a2 2 Insert Comme: | Filterby Selected Cel’s oy N |
5 < a91m.mm 24 & Eormatcenn., Filter by Selected Celi's Col %
16 6  £9100.00000000000 201 Pick; Fram Drop-down List.. Filter by Selected Cell's Font @ :?
17 6  89100.00000000000 297 Define Name.. | Fiter by Selected Cer's jeon el
18 7 153 8, Hypertini_ [ 139
i ¥140
141
w142
143
6185 144
-t | A |, B 1 - 6185 M 145
1 |dhru_ ~|dhry_area T e #152
4] Sort Smailest to Larg 51“1
3 %] sortLargest to Smallest <::' 5}361
E Sort by Color » 51_3@]

B

- Change the order of the columns and correct the column names - Save the spreadsheet as text file format
- Insert two rows at the top of the spreadsheet and File name: dhru_grid

write the number of lines with information (starting on Line 4) and 5

number of MODFLOW grid cells Save a5 type: | Text (Tab delimited) (<)

- Reduce the number of digits after decimal point if desired

4| _A_| B8 | ¢ | D . E

_]._i 61838 g:;:_iﬂ ;;;;hp_aru dhru_area
2| 19176 500 £
3 grid_id [-Igrid_area |~ |dhru_id |~ |overlap_area ~|dhru_area | T npee
4 16 40000 27 sse0 990
5 | 16 40000 58 300 see
6 16 40000 63 e e
H - o= =, =
8 | 17 40000 27 4500 11760
a8 17 40000 57 oS
10 17 40000 58 4200

n w7 0000 B00 272700
12 18 40000 se 900
—_— 218e@  2727e0
13 137 40000 300 53100
14 138 40000 %0 90
15 138 40000 Jae e
16 139 40000 156 53160
17 139 40000 G0 seaoe
ﬁ: 139 40000 m :g:o
13 140 40000 sea 6300
20 141 40000

21 40000

22 142 40000

23



4.1.3 Linkage between DHRUs and MODFLOW Grid cells (sorted by dhru_id)

File to create: 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:

At the top of the file:
Number of lines with information (starting on Line 6)
Number of DHRUs
Number of rows (in the MODFLOW grid)
Number of columns (in the MODFLOW grid)

For example:

61838

27396

141

136

grid_id grid_area dhru_id overlap_area dhru_area
Je2 48888 1 4588 Seaa
838 48880 1 4588 Seaa
72 486608 2 98 988
72 48666 3 98 988
568 48888 4 See See
425 48880 5 latals 45988
426 486608 5 18986 45088
561 48666 5 15186 45088
562 48888 5 lalea 45988
291 48880 B 16588 g91ae
292 486608 B 3388 39186
427 48666 B 7288 39186
423 48888 B Jesee 59188
429 48880 B 14488 g91ae
565 486608 B 163868 39186
781 48666 B 688 39186
17 48888 7 ceaa 7288
153 48880 7 1288 7288
338 486608 3 98 988
564 48666 9 98 988
427 48888 1@ See See
291 48880 11 Sea Sea
291 486608 12 1888 1888
153 48666 13 1888 1888
973 48888 14 slatsls) S4a88
1188 48880 14 2488 S4a88
1189 486608 14 243808 S4888
1244 48666 14 5168 54888
1245 48888 14 15688 S4a88
563 48880 15 17ea 423888
564 486608 15 2208 4238688
694 48666 15 2488 423868
695 48888 15 14788 425888
696 48880 15 141a8 423888



(D) Provide text file: grid_dhru (This file is sorted by the “dhru_id”, then by “grid id”)

- Sort the “dhru_id” columnin ascending order

L4 A | 8 [ ¢ | o [ e |
1 61838
2| 19176

3 |

41 sort Smallest to Largest I 3000 9900
Zl sort Largest to Smallest 600 900
Sort by Color E 1500 31500

- Insert two more rows above the row with the names of the columns

- Keep the value in 1% row, change the value to the number of DHRUs in 2" row, add the number of rows (in the MODFLOW grid)
in 3™ row, and the number of columns (in the MODFLOW grid) in 4'" row.

4 A | B | € | D ! E | - Save the spreadsheet as the text file format
1 61838
2 2713% : :> File name: grid_dhru
3| 141
3.4 136 -
5 grid_id| ~ grid_areal ~ |dhru_id|.!|overlap_area| ~|dhru_area|~| 61838
6 02 40000 1 4500 9000 i
75 838 40000 1 4500 9000 136
g 702 40000 2 200 900 3 ;;id_,id grid_are; ::;,id :;;;].np_aren dhru_area
2 702 40000 3 300 500 838 40000 1 4see  geee
10 560 40000 4 900 900 702 spee0 2 %00 see
u a5 40000 s %800 45900 1o S6s 40000 4 o0 00
12 426 40000 5 10900 45900 11 425 40000 S 9see 45900
B Sl 40000 : - - 561 amee 3 1sieo 4so0d
14 562 40000 5 10100 45500 14 562 40000 S 10100 45900
15 291 40000 6 16500 89100 15 291 20000 & 16500  891ee
1 16 292 40000 6 3380  891ee
i £ 40000 ) 3300 fi0g 17 427 s0000 & 7200 89100
17 427 40000 6 7200 85100 12 428 40000 6 3930 89108
18 | 428 40000 6 30300 89100 15 ;:: :eeoe : :“W :gtg
15 429 40000 6 14400 85100 701 a0000 & 600 89100
20 565 40000 6 16800 89100 17 dpe00 7 seee 7200
21 m 40000 6 600 89100 2 i e s e
22 17 40000 7 6000 7200 25 564 sp00e 9 900 0@
T R T S A
24 838 40000 8 900 900 291 40000 12 1800 18
25 564 40000 9 900 900 153 40000 13 1800 1see
| 40000 973 40000 14 6600  S40ee
221 427 2 st 20 1108 40000 14 2408 54000
27 291 40000 11 900 900 1169  4gee0 14 24300 54000
R EEL B
23 153 40000 13 1800 1800 ' 563 4eeee 15 1700 423000
30 973 40000 14 6600 54000 o 564 40002 15 2208 423000
40000 2400 54000 37 694 40008 15 2400 423080
=k 2308 3 & 695 ageee 15 14700 423000
32 1109 40000 14 24300 54000 696 ageee 15 141@@ 423000
3 1244 40000 14 5100 54000 697 40000 15 1200 423000
VY 40000 14 15600 54000 696 0000 15 4500 423000
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4.1.4 Linkage between MODFLOW River Cells and Subbasins

File to create: river_grid.

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):
grid_id: 1D of the MODFLOW grid cell
subbasin: 1D of the Subbasin
rgrid len: Length of the stream in the grid cell

Note: the SWAT-MODFLOW code uses the grid id of each cell to link with River Cells
specified in the MODFLOW River package. The code matches this grid id and the ID of the
River Cells to provide groundwater return flow rates to the correct SWAT subbasin.

For example:

1921

grid_id subbasin rgrid_len
564 1 197 .78288080008
565 1 199, 78680020000
781 1 283 . 137e8020600
782 1 42 .,42648080000
g2@ 9 7 .87laseaeaea
821 9 144, 85388020000
838 1 123, 64880860000
838 57 151.924a0628000
957 9 18a.711ea0a8600
958 9 259, 78680020600
974 57 4@, 35538080808
975 57 277 .63500020000
976 57 182 .7 3200020000
1894 9 28.284380800808
18395 9 287 .99000020000
1896 9 14.14216882068
1898 17 153. 64880800800
1112 57 215, 2858028000
1113 57 114, 853e8020000
1232 9 257 .99880000000
1234 17 245, 56380028000
1249 57 173. 1370020000
1258 57 245, 56388020600
1251 57 182 .87188088280
1368 9 68 . 35530000000
1369 9 217 . 27968020600
1371 49 35.35538000000
1371 25 55.@oa0a000000
1371 17 282 .63500020000
1372 25 119. 853808808008



1. Compute SWAT stream network in the MODFLOW Grid

(1) Calculate each length of the stream in each grid cell

- Add the “rivl” shapefile to layer

Table Of Contents ¥ AdtOws
Elocs 3 Lookin: |E] SWAT Model shapefiles e Ersad
ER= HName Type
= 8d b AddData.. [EhruLshp Shapefile
a v [“monitoring_pointsLshp Shapefile
= @ dhap (%5 outletsLshp Shapefile
[} Erv Shapefile
= & dh h@ Q lﬂ]sub:b Shapefile
1"
Select All Layers

Toble Of Contents % X
ko8
= = layers
=@ vl
-1
= @ dhru_grid
B
= B dhru_gr
=
= @ dhru_grid
Value
I High : 19175

Low:0

= @ dhru_g




- Open “Identity” tool

% |2 |E-
ALL Maps Data Tools
[1dentity

Any Extent

Search retumed 13 itgms v

#,, Find Identical (Data Manage
Reports any records in a featural

Sy \dal

#, Delete Identical (Data Mana
Deletes records in a feature clas

“,, Identity (Analysjs) (Tool)
Computes a geo inters
toolboxes\system oxes\a

#, Identity (Coverage) (Tool)
Computes the geometric interse

Table Of Contents 2 x
808 o
= = lLayers
=28
=3
= M dhru_grid
=]
= @ dhru_gr
=
= dhru_gnd
Value
High : 19175

rid

Low:0

= & dhrug
=)

= B hru_dhru
=]

= M subsl
O

= & hrud
=)

= M bl
=

|1
Identity Features

[ dhru_gr

A\Output Feature Class

roject\SWAT-MODFLOW tutorial\Analysis_02'river_grid.shp

JonAttributes (optional)
ALL

XY Tolerance (optional)

- Select "rivl” for Input Features

- Select “dhru_gr” for Identity Features

- Specify your directory
- Name “river_grid” for output feature class
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e B TR D x

ﬁnd and Replace...

= B dhru_gr
=]

= M dhru_gric

Value

Iusgrn

Low:(

= M dhrug
| o

= B hru_dhry -

= @ subsl

2eo

S

g
:

Joins and Relates

Zoom To Layer

T

e

Zoom To Make Visible

Visible Scale Range

Use Symbol Levels

Selection

Label Features
Edit Features

L1

Mlalal ol sl ol Ia
AR E LRI e

Convert Labels to Ann

SR

el e B e B e e e A A R A A R e e A L A R A L L L Bl Rl R A e A R

Y T N N N N N P S N N N N S N N e e e R I e e e

afafalo|oo]v|o|olo|o|vvo|lo|o|o ooloo| S &5 RIRE B 6|58 &

_...-umwoomoonunueomooa:'a::uﬁ%%%z%Gg

M:!:aaaaaaaaaaaaaaaeaassassaaaaamsl

21
Convert Features to g
Convert Symbology tg 24
F3
Data | 1=
Save As Layer File... i ;:
Create Layer Packag T =
D
1

] 1M ] 3

"o 1 v n BB (0out of 1921 Selected)

BL Select By Attributes...
B Clear Selection +
B Switch Selection (1]
[§ SelectAll +
| AddField... 1]
Tumn All Fields'0n .
Show Fed Alisseslll o
Adds a new field to
Arrange Tables |
Restore Default Column Widths %
Restore Default Field Order o
Joins and Relates %
Related Tables 4]
dlj Creste Graph... -
Add Table to Layout [ 4
2 Reload Cache o
& Print.. 4
Reports =
Export... Z
Appearance... | -%

- Type “rgrid_len” in Name

- Change Type to Float
Name: rgnd_len
Type: [M -
Field Properties
Precision 0
Scale 0
0K - G




- Calculate the length of the streams in each grid cell - Set Property to “Length” & Units “Meters”

WA Project Setup
i aeon oo P -"d = Calculate G Fr L]
40000 g% SortAscending
20000 §F  SortDescending Property: [tengtn
m : Advanced Sorting... Coordnate System
5505 4 = @) Use coordinate system of the data source:
o 3 s |PCS: NAD 1983 Contiguous USA Abers
40000 4 () Use coordinate system of the data frame:
m - ﬁ‘m Cakcariiue:: E> |PES: NAD 1983 Contiguous USA Abers
Calculate
Turn Field Off Units: [Hmmw
[ calauiate selected records only
About calculating geometry [ ok [ conce
s )

5 MinEl MaxEl Shape_Leng | HydrolD | OutletiD FID_dhru_g | ID | GRIDCODE | grid_id grid_area rgrid_len
118.375839 | 124.356331 | 1163.969696 | 200001 100001 1370 | 137 17690 1371 40000 35.3553
118.375839 | 124.356331 | 1163.96969 | 200001 100001 1507 | 150 17555 1508 40000 281.777
118.375839 | 124356331 | 1163.969696 | 200001 100001 1643 | 164 17419 1644 40000 212426
118.375839 | 124.356331 | 1163.969696 | 200001 100001 1779 [ 178 17283 1780 40000 247835
118.375839 | 124356331 | 1163.969696 | 200001 100001 1915 | 181 17147 1916 40000 220711
118375839 | 124 356331 | 1163959696 | 200001 100001 2051 | 205 17011 2052 40000 165.066
124.356331 | 12482679 | 174.852814 | 200002 100002 1370 [ 137 17690 1371 40000 S5
124356331 | 12482679 174852814 | 200002 100002 1371137 17691 1372 40000 119.852
124.356331 | 130.780838 | 681.837662 | 200003 100003 1097 | 109 17961 1098 40000 153.64
124.356331 | 130.780838 | 681.837662 | 200003 100003 1233 123 17825 1234 40000 245563
124.356331 | 120.780838 | 681.837662 | 200003 100003 1370 | 137 17690 1371 40000 282635
118.375839 | 130.102158 | 2644.629868 | 200004 100004 819 | 820 18227 820 40000 7.07104
118.375839 | 120.102158 | 2644620868 | 200004 100004 820 [ 821 18228 821 40000 144.853
118.375839 | 130.102158 | 2644.629863 | 200004 100004 956 | 957 18092 957 40000 100.711
118.375839 | 130.102158 | 2644629868 | 200004 100004 957 | 958 18093 958 40000 259.706
118.375839 | 130.102158 | 2644.620868 | 200004 100004 1093 | 108 17957 1094 40000 28.2842
118.375839 | 130.102158 | 2644.629868 | 200004 100004 1094 | 109 17958 1095 40000 287.99
118.375839 | 120.102158 | 2644620868 | 200004 100004 1095 | 109 17959 1096 40000 14,1422
118.375839 | 130.102158 | 2644.629868 | 200004 100004 1231 [ 123 17823 1232 40000 257.99
118.375839 | 130.102158 | 2644629868 | 200004 100004 1367 | 136 17887 1368 40000 60.2553
118.375839 | 120.102158 | 2644.620868 | 200004 100004 1368 | 126 17688 1369 40000 217.279
118.375839 | 130.102158 | 2644.629868 | 200004 100004 1504 | 150 17552 1505 40000 224.853
118.375839 | 120.102158 | 2644620868 | 200004 100004 1640 | 164 17418 1641 40000 138.64
118.375839 | 130.102158 | 2644.629868 | 200004 100004 1641 | 164 17417 1642 40000 100.711
118.375839 | 130.102158 | 2644629868 | 200004 100004 777 | 177 17281 1778 40000 227635
118.375839 | 130.102158 | 2644.620868 | 200004 100004 1778 [ 177 17282 1779 40000 92 4264
118.375839 | 130.102158 | 2644629868 | 200004 100004 1914 | 191 17146 1915 40000 231.066
118.375839 | 120.102158 | 2644620863 | 200004 100004 2050 | 205 17010 2051 40000 173,492
118.375839 | 130,102158 | 2644.629863 | 200004 100004 2051 | 205 17011 2052 40000 77.4264
124210143 | 125786995 | 766.690476 | 200005 100005 563 | 564 18515 S84 40000 197.782
124.310143 | 125786995 |  766.690476 | 200005 100005 564 | 565 18516 S85 40000 199.706
124.310143 | 125.786995 |  766.690476 | 200005 100005 700 | 701 18380 701 40000 203.137
124310143 | 125786995 | 766.690476 | 200005 100005 701 [ 702 18381 702 40000 42.4264
124.310143 | 125786995 | 766.690476 | 200005 100005 837 | 838 18245 838 40000 12364
106.066887 | 109.088539 | 1978.233765| 200006 100006 3837 | 383 15261 3838 40000 195208
106.066887 | 109.088539 | 1978.233765 | 200006 100006 3838 [ 383 15262 3839 40000 244,497
106.066887 | 109.088539 | 1978.233765| 200006 100006 3839 | 384 15263 3840 40000 235.208
106.066887 | 100.088539 | 1978.233765 | 200006 100006 3840 [ 384 15264 3841 40000 277219
106.066887 | 109.088539 | 1978233765 | 200006 100006 3971 | 387 15123 3972 40000 499993
106.066887 | 109.088539 | 1978.233765 | 200006 100006 3972 | 387 15124 3973 40000 210.355
106.066887 | 109.088539 | 1578.233765 | 200006 100006 3973 | 397 15125 3974 40000 86.5686
106.066887 | 109.088539 | 1978233765 | 200006 100006 3976 | 397 15128 3977 40000 98.6395
106.066887 | 100.088539 | 1978.233765 | 200006 100006 3977 | 297 15129 3978 40000 217.219
106.066887 | 109.088539 | 1978.233765 | 200006 100006 3976 | 397 15130 3979 40000 42.4264
106.066887 | 109.088539 | 1978.233765 | 200006 100006 4113 [ a1 14993 4114 40000




(2) Select only the necessary fields (You can either turn off or delete unnecessary fields)

5 & dhrugniq -

x

m
g

Copy
Remove

omehmTﬁla
Joins and Relates
Zoom ToLayer

Zoom To Make Visible
Visible Scale Range
Use Symbol Levels
Selection

Label Features

Edit Features

-.“.I.‘.,_,._ Labels to Annotaty
Convert Features to Graphi
Convert Symbology to R
Data

Save As LayerFile..
Create Layer Package...

| Subbesin | rgrid_len
» 13n 43 353553
1508 43 81777
1644 43 212428
1780 4 247635
1918 48 20111
2052 @ 166,068
1371 F3 55
1372 25 119853
1098 17 15354
1234 17 245563
1371 17 282635
520 8 707104
821 3 144853
957 E] 100711
958 9 259.708
1054 9 %2842
1095 k) 28799
1096 9 141422
1232 9 25799
1368 9 603553
1359 ] 217278
1505 9 224853
1641 s 13664
1642 9 100.711
1778 ] 227 635
1779 9 924264
1915 E 231086
2051 g 173492
2052 g 774264
564 1 197.782
565 1 199.706
M 1 203137
702 1 424264
538 1 12364

| Allow NULL Values

l::) Using these arrow buttons,
you can change the order.

E 01| 1 4| Options »

b

Then, click OK.
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(3) Provide text file: river_grid

- Export the attribute table of the “river_grid” shapefile as dBASE table (*.dbf)

e S

Copy
X Remove

< Save A LayerFile...

8 x

4 ZoomTolayer

Joins and Relates @

aom To Make Visible

Visible Scale Range
Uze Symbol Levels
Selection » P
Label Features
Edit Features v i
Convert Labels to Annotabor

Convert Features to Graphics...

Convert Symbology to Representation...
Data »

Create Layer Package...

- Change Type to dBASE Table
Saving Dats B
tookin: Xl Analyss ceh @ = alas
Name Type
[Ddhru_grid_db.dbf JBASE Table
[hru_dhru_db,dbf dBASE Table

By Select By Attributes..,
B Clear Selection
Bd Switch Selection
[ Selectanl
Add an
Turn All Fields On
Show Field Aliases ;
Asrange Tables » BB
Restore Default Colurmn Widths
Restore Default Field Order
Joins and Relates » , =
Related Tables »E
dly Create Graph..
Add Table to Layout
Reload Cache

- Specify the output table name (river_grid_db)
and directory
Export Data

- Open the “river_grid_db" file with Excel

= o 3 el ol Gl

A

49
43
43
43
43
49
25
25
17
17
17
£}

i I & | c i
Subbasin grid_id

rgrid_len
2052 166.06600000000
1916 220.71100000000
1780 247.63500000000
1644 212.42600000000
1508 281.77700000000
1371 35.35530000000
1371 55.00000000000
1372 115.85300000000
1371 282.63500000000
1234 245,56300000000
1038 153.64000000000
173.45200000000

Use the same coordinate system as:
this layer's source data
the data frame

the feature dataset you export the data into
(only applies if you export to a feature datacst in a geodatabase)

Output table:
C:\Users\envpsg\Desktop'\Danny\Project \SWAT-MODFLOW tutorial
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- Use Filter and Sort the “grid_id"” column in ascending order

d'__A__ 4__'\7"4‘__-__;';?'.526.} [ E T G | H
| 1 [subbasin [; et
2] as {4 | e |
X a9 191(“a Sowr |
S o e @ Cmeoses
s e s (O
6 43 150¢ Paste Special.
T 137
o | | Jnsert.
8 2 137
i -9 | 137: Delete.
10 | 17 13?" Clear Contents
n 17 1% A @ ter
12| 17 109  sgnt
t 3 4 : xi 'l Insert Comment Filter by Selected Cell's Value B
] 3 191; & Format Cells... Filter by Selected Cell's Color
!.6— : 17?!: Pick From Drop-down List... Filter by Selected Cell's Eont Color
I “, | 9 Define Name... Filter by Selected Cell's jeon

A A iTee e

—=L

| i
1 Subbasi ~ grid_id %ﬂd len |+
l

|4] sort smaltestto Large
£l sortLargest to Smaltest

O

Sort by Color »

- Change the order of the columns and correct the column names

- Insert one row at the top of the spreadsheet and

write the number of lines with information (starting on Line 3) E>
- Reduce the number of digits after decimal point if desired
4 & | 8 | e |
a8 1921

2 grid_id -1|subbasi|~ |rgrid_len  [-]
131 564 1 197.78200000000
a4 565 1 199.70600000000
=) 701 1 203.13700000000
6 702 1 42.42640000000
e 820 9  7.07105000000
8 821 9 144.85300000000
9 838 1 123.64000000000
10 838 57 151.92400000000
11 957 9 100.71100000000
12 958 9 259.70600000000
13 974 57 40.35530000000
14 975 57 277.63500000000
15 976 57 102.73200000000
16 1094 9 28.28430000000
17 1095 9 287.93000000000
18 1096 9 14.14210000000

41 sort Smallest to Largest

%l sart Largest to Smallest
Sort by Color

K Clear Filter From “grid_id"
Filter by Color

_r__ﬁ Number Filters

ISear(h

I
¥ 565
L@
702
w820
vis21
w838
vias7
958
w974
975
wla7s
1094
[~ 1095

Lo PE

- Save the spreadsheet as text file format

File name: river_grid

Save as type: | Text (Tab delimited) (*.bd)

1191
2 grid_id subbasin rgrid_len
o 564 1 197.78200000000
565 1 193, 70600000000
el i 203.13700000000
& Te2 1 42,4264 0000000
820 a 7.07105000000
6 821 9 144, 85300000000
838 1 123. 64000000000
o B38 57 151. 92400000000
1 957 ] 120, 71100000000
958 9 259, 70600000000
974 57 4. 35530000000
975 57 277. 63500000000
976 57 102. 76200000000
£ 1e%4 9 28, 28430000000
135 ] 287.99200000000
2 1896 k) 14. 14210000000
15 1098 17 153. 64000000000
20 1112 57 215.
1 1113 57 114. 85300000000
22 1232 k] 257.99200000000
23 1234 17 245.56300000000
24 1248 57 173.13700000000
2501259 57 245.56300000000
26 1251 57 102, 27100000000
27 1358 9 6@, 35530200000
25 1369 9 217. 27900000000
2% 1371 49 35. 35530000000
! 1371 25 55. 00200000000
1371 17 282. 63500000000
32 1372 25 119. 85300000000
33 1387 57 267. 27300000000
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4.2 CREATE SWAT-MODFLOW INPUT FILES

Now that the four linkage files have been created, the four SWAT-MODFLOW text input files
can be created:

1. Place the hru_dhru.txt, dhru_grid.txt, grid_dhru.txt, and river_grid.txt files into the
folder with the CreateSWATMF.exe FORTRAN program. Before running, make sure that

the .txt extensions are deleted for each of the files.

* Delete text format extension (.txt)

j 1| CreateSWATMF.exe g | CreateSWATMF.exe
| Type: Application Size 928 KB = Type: Applicati

pe: Applicatiol Type: Application Size: 928 KB

dhru_grid.txt dhru_grid
Size: 166 MB Size: 166 MB

grid_dhru.txt grid_dhru
see1s6Mel D Size: 1,66 MB

hru_dhru.txt hru_dhru
Size: 691 KB Size: 691 KB

river_grid.txt river_grid
Size: 48.2 KB Size: 48.2 KB

2. Run CreateSWATMEF .exe. Even for large watersheds with thousands of HRUs and
MODFLOW grid cells, this program 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
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CreateSWATMF.exe

e Application

dhru_grid

grid_dhru

hru_dhru

river_grid

O

= 928 KB

= 691 KB

= 482 KB

1.66 MB

1.66 MB

CreateSWATMF.exe
= Appleation

dhru_grid

grid_dhru

hru_dhru

river_grid

swatmf_dhru2grid.tx

swatmi_dhruZhru.txt

swatmf_grid2dhru.txt

swatmi_river2grid.txt

CAlsers\envpag\Desktop

1= 928 KB

= 166 MB

= 156 MB

= 651 KB

= 48.2KB

e 207 MB

= 969 KB

= 318 MB

e 998 KB

\Daney\Utisies\Uplosd
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3. Create the swatmf link.txt file (see example file in the “Example Simulation - LRW\4

SWAT MODFLOW LRW?” folder). This text file contains basic information for the
SWAT-MODFLOW simulation:
1. Flag for including MODFLOW (0 or 1)
ii.  Flag for including RT3D (0 or 1) (for RT3D linkage, see Section 8)
iii.  Frequency of MODFLOW runs (# of days between MODFLOW calls)

iv. Flag for reading observation cells (observation file was created). If
desired, a modflow.obs file can be created. This file contains indices
(LJ,K) for grid cells for which groundwater head data will be output for
each time step. An example file is located in the “Example Simulation -
LRW\2 MODFLOW LRW\MODFLOW model” folder.

v.  Flags for optional model output (0 or 1)
J 1 SWAT LRW
l 2 MODFLOW LRW
l 3 Linking

‘ 4 SWAT MODFLOW LRW

= modflow_LRW.dis

_& | Type: DIS File Size: 491 KB
swatmf_link.bxt

= U=l EL Size: 727 bytes

‘ 6 SWAT MODFLOW RT3D LRW @ SWAT-MODFLOW.exe

Type: Application
2
| swatmf_link.txt - Notepad --‘ e s e an

File Edit Format View Help

‘ 5 View Results

Size: 27.7T MB

| B mf_active: 0 = run SWAT only, 1 = run SWAT and MODFLO!
i. |10 rt_active: 0 = run SWAT only, 1 = run SWAT, MODFLOW,
ji. |1 mf_interval: the number of days between MODFLOW runs
iv. |1 Read in observation cells from "modflow.obs"” (0=no ob

optional output for SWAT-MODFLOW (0=no; 1l=yes)

1 SWAT Deep Percolation (mm) (for each HRU)

1 MODFLOW Recharge (m3/day) (for each MODFLOW Cell)

1 SWAT Channel pepth (m) (for each SWAT Subbasin)

1 MODFLOW River stage (m) (for each MODFLOW River cell)
1 Groundwater /surface water Exchange EmB/day) Efor each
1 m3/day)

Groundwater /surface water Exchange for each
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5. RUNNING THE SWAT-MODFLOW SIMULATION

5.1 Place the following files in the folder containing the original SWAT model:

e  MODFLOW input files. Be sure to set your MODFLOW model to transient mode within the
discretization file (*.dis):

-Open the discretization file and scroll down to the bottom

1eq # Little River Watershed groundwater flow model
) I & Discretization (DIS) input file
# Prepared by Ryan Bailey, Colorado State University, April-May 2015
i e
1

Modified by Seonggyu Park, Colorado State University, Jan-2 2016

141 136 1 4 2 ® MLAY, NROW, NCOL, MPER, ITMUNI, LE
e 8 LAYCB
¢ CONSTANT 200.0 # DELR
CONSTANT 200.9 # DELC
INTERNAL 1.8 (free) -1 & TOP elevation of layer 1 (ground su
@ -] 8 -] -] ] ] ] ] ] ]
139.64 139.64 140.75 148.75 @ 144.9 144.7 @ 147.84 @ @ L]

138.81 138.81 138.75 141.81 144.86 142.67 143.28 145.74 145.92 144.59 146.48 @
148.26 140.26 136.79 138.94 140.25 140.28 140.68 143.42 148.55 140.4 144.93 @
wu.gdat } ¢ 138.7 138.7 135.94 135.51 137.31 138.85 138.99 142.21 138.5 138.7 143.44 144.97
137.41 137.41 134.19 132.33 133.71 134.97 138.19 140.24 136.65 137.55 139.44 142.38
141.43 141.43 136.94 131.94 131.6 135.58 138.22 139.33 135.69 134.86 136.59 137.56
141.8 141.8 138.23 133.19 131.32 129.69 132.62 137.58 135.36 133.62 136.45 133.81
ot 140.69 140.69 138.78 136.89 133.46 129.42 128.24 132.41 134.49 132.38 135.46 131.49
S 19 141.4 141.4 141.54 139,89 134.6 131.53 129.13 127.31 131.13 129.73 132.81 129.74
* 136.46 136.46 139.98 142.78 139.45 136.43 133.82 127.82 126.4 129.82 126.83 127.09
135.54 135.54 134,89 1359.46 141.32 139.87 134.65 128.72 124.59 128.18 125.99 125.e3
136.27 136.27 133.83 136.43 136.67 134.77 132.02 127.85 124.39 125.14 125.93 123.56
134,98 134.98 132.42 134.67 136,13 132.67 129.45 129,32 127.15 122.59 124.89 122.69
89
66
89
5

14 132.33 132.33 132.89 137.48 136.69 134.43 135.03 133.7 129.48 123.62 120.96 121.12
| modflow_LRW.bas 5 129,79 129.79 133.66 136.33 135.1 133.64 137.3 135.31 129.86 125.47 121.23 119.23

= dfl LRWdl . 129.42 138, 133.78 133.4 131.83 137.32 136.93 132.7 131.31 125.59 119.52
|.,..; modflow_LRW, n&
L modflow_LRW.I MODFLOW input files

138.19 130.98
| modflow_LRW.nam

| 7] modfiow_LRW.nwt

133. 129.

.| modflow_LRW.oc
.| modflow_LRW.rch
| modflow_LRW.riv

TOODDDDOO
oo DOD
ORI
POV D
PP DDD

e
e
-]
a
-]
e
e
-]
e

Stress period length, Number o

PO DODD
oD OD

-]
-]
]
]
]
@
-]
L]
-]
F t

| modflow_LRW.upw

* The stress period should be set to a transient state (TR).

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.
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—> -Open the ‘modflow.mfn’ file and add 5,000 to file identification integer
1 [ Little River Watershed groundwater flow model
2 #

# MODFLOW-NWT name file
4 # Prepared by Ryan Bailey, Colorado State University, April-May 2015
. 5 # Output Files

5 LIST 50e7 modflow_LRW.1lst

file.cio 7 DATA sese modflow_LRK.hed

o 2 DATA(BINARY) | 5848) modflow_LRW.ccf

finfin | modflow.mfn gl — 9 # Global Input

. 1@ DIS modflow_LRW.dis
hru.dat L1 # Flow Process Input Files

ekt 12 BAS6 S601] modflow_LRW.bas

13 UPW 5011 modflow_LRW.upw

P Crangethenamets ¢ A b =

lup.dat 16 NWT 5013 | modlow_LRW.nwt

® modfle 17 0OC 5022 modflow_LRW.oc
N g LMTé 5819 modflow_LRW.1lmt

_LRW.bas
_LRW.dis
_LRW.Imt MODFLOW input files
d) rnod'ﬂow_LRW.namI

\] modflow_LRW.nwt

| modflow_LRW.oc

| modflow_LRW.rch

|| modflow_LRW.riv

|| modflow_LRW.upw

[ya—rs

e swatmf link.txt

e Mapping files:
- swatmf dhru2hru.txt
- swatmf _dhru2grid.txt
- swatmf _grid2dhru.txt
- swatmf river2grid.txt



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

ho C\Users\envpsg\Desktop\Danny\Prqctt\SWAT-MODFLOWtubomf\UpluaJ%“'E"E

'ﬂT?ﬁ'ﬁ.
6 rt
modflow.mfn Soil & Water fs snt Tool
N.

G) modflow.obs

. . executing

A A " .
modflow_LRW.bas MODFLOW input files
modflow_LRW.dis Grid to DHRU mappi
= i DHRU to Grid r'mppll
" N DHRU to HRU mappi
modflov ‘LR‘. Amt Reading Subbasin to Grid rmpy:u;q...
| modfiow_LRW.nwt ——
modflow_LRW.oc Ranning
Running
modflow_LRW.rch Running
R ing
modflow_LRW.riv Running HODFLOW
= Running MODFLOW
modflow_LRW.upw _/ Running

Running
Running
R ing
Running
Rur ing
R ing
F‘unnan
R

Running
Running
Running

Runni m'l
R mg leDF M
ing MODFLOW

swatmf_link.txt & Running
i = Running

mapping files Running nc;n LOW

Running HMODFLOW

-‘[\ Ri ing MODFLOW

Running HODIIOU

F‘hlnn'}ng HODFLO

swatmf_dhru2grid.tet i e
Running
swatmf_dhru2hru.bd Runn ing

7 Rur g M

swatmf_grid2dhru.tx }}}unn‘mg

swatmf_link.td

swatmf_river2grid.tt
" 1 SWAT-MODFLOW- RTS%




6. VIEWING RESULTS

The SWAT-MODFLOW simulation will produce several primary output files and, if selected in
the Simulation tab, up to 6 additional output files:

modflow.hed

This file contains the calculated groundwater hydraulic head for each MODFLOW grid cell, for
each specified time step of the simulation (the time steps at which values will be written are
specified in the modflow.oc file). For each output time, there is a header line (time step, stress
period), followed by the hydraulic head values written by row and column. No-data values (i.e.
cells outside of the watershed boundary) are represented by “-999.0.

Groundwater Head (m)
we High : 138.0

' S Low: 81.9

0255 10 Km
Attt

swatmf_out_MF _obs

Created only if flag is set in swatmf  link.txt

This file contains the groundwater hydraulic head of the observation cells specified in
“modflow.obs”, for each MODFLOW time step. For each time step, the head values for each
observation cell are printed on a single line, in the same order as the cells listed in
“modflow.obs”. These results can be used to create time series of hydraulic head for locations
within the aquifer:
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swatmf_out_ SWAT _recharge

Created only if flag is set in swatmf  link.txt

This file contains the depth (mm) of deep percolation ( = recharge to MODFLOW) calculated for
each HRU, for each day of the simulation. Following the header line (“SWAT deep percolation
(mm) (for each HRU)”), the deep percolation values for each HRU (beginning with HRU #1) are
written for the first day, followed by a blank line, followed by the values for the next day, etc.

swatmf out MF recharge

Created only if flag is set in swatmf  link.txt

This file contains the volumetric flow rate of recharge (m*/day) of recharge provided to each
MODFLOW grid cell, for each day of the simulation. The values are written in a 2D format
according to the number of rows and columns in the MODFLOW grid. These values can be
displayed as raster datasets in GIS to display the recharge to the water table:

Recharge (mm/day)
- High 1.4
- Low:0
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swatmf out SWAT channel

Created only if flag is set in swatmf link.txt

This file contains the channel depth (m) for each sub-basin channel, for each day of the
simulation. For each day, the depths are written on a single line, with the depth for sub-basin #1
in the first column, depth for sub-basin #2 in the second column, etc. up to the last sub-basin.

swatmf_out_ MF _riverstage

Created only if flag is set in swatmf link.txt

This file contains the river stage ( = channel depth) (m) for each MODFLOW river cell, for each
day of the simulation. These values are obtained from the sub-basin channel depths computed by
SWAT. Output from consecutive days is separated by a blank line.

swatmf out SWAT gwsw

Created only if flag is set in swatmf  link.txt

This file contains the volumetric exchange rates (m’/day) between the stream network and the
aquifer for each SWAT sub-basin (numbered consecutively), for each day of the simulation.
Positive values signify groundwater flow to the channel, whereas negative values signify stream
seepage to the aquifer. Output from consecutive days is separated by a blank line.

swatmf_out MF_gwsw

Created only if flag is set in swatmf  link.txt

This file contains the volumetric exchange rate (m’/day) between the stream network and the
aquifer for each MODFLOW River cell (numbered consecutively), for each day of the
simulation. Negative values signify groundwater flow to the channel (MODFLOW treats the
aquifer as the control volume, and water leaving the aquifer is denoted by a negative value),
whereas positive values signify stream seepage to the aquifer (i.e. a source to the aquifer). Output
from consecutive days is separated by a blank line.

8,000 rrF/dayH Discharge

-8,000 m¥day|| Seepage
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7. WATERSHED WATER BALANCE IN SWAT-MODFLOW

For standard SWAT model simulations, the output.std file contains daily-averaged depths for the
principal water balance variables in the watershed (e.g. rainfall, surface runoft, groundwater flow
to streams, etc.). The output.std file for the SWAT-MODFLOW simulations has the same
general format as the original SWAT model, but with several key additions that provide more
information regarding groundwater and groundwater-surface water interactions. These additions
are summarized as follows:

Variables in original SWAT simulations

PREC:

SURQ:

LATQ:

GWQ:

PERCO LATE:
TILE Q:

SW:

WATER YIELD:

Rainfall in the watershed

Surface runoff to streams

Lateral flow to streams

Groundwater flow to streams (using original SWAT groundwater module)
Deep percolation (recharge) to groundwater

Tile drain flow to streams

Total soil water contained in the watershed

Total water added to streams (= SURQ + LATQ + GWQ + TILE Q)

New Variables (and changes to original variables) in SWAT-MODFLOW simulations

GWQ:

SWGW:

GW:
WATER YIELD:

Groundwater flow to streams (as calculated by the River package in
MODFLOW)

Seepage from streams to the aquifer (as calculated by the River package in
MODFLOW)

Total groundwater contained in the watershed

Total water added to streams (= SURQ + LATQ + GWQ - SWGW +
TILE Q) (notice that this takes into account the water that leaves the
stream and seeps into the aquifer)
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8. WATER QUALITY USING SWAT-MODFLOW-RT3D

SWAT-MODFLOW can also be used in conjunction with the RT3D (Reactive Transport in 3
Dimensions) model to simulate the reactive transport of solutes through the aquifer system and
the solute mass exchange between the aquifer and the stream network. RT3D is called as a
subroutine within the MODFLOW code during each groundwater flow time step. RT3D uses the
same finite difference grid as MODFLOW.

In the current version of the code, Nitrate (NOs) is included as a groundwater solute. Nitrate
mass in deep percolation water as simulated for each SWAT HRU is passed to RT3D grid cells
using the same HRU-Cell mapping procedures as described in the previous sections of this
tutorial. MODFLOW provides the cell-by-cell flow rates for each grid cell, and then RT3D
calculates the cell-by-cell NO; concentration in the aquifer and the NO; mass loading from the
aquifer to the stream network. Using the River Cell — Subbasin linking procedure as described in
Section 2.1.4, the NO3 mass loading from the aquifer to the stream is provided to the correct sub-
basin, which then can be routed through the watershed streams using the SWAT N-routing
algorithms.

If solute transport with RT3D is desired, the “rt_active” flag in the swatmf link.txt input file
must be set to “1”. There are also several RT3D input files required. These files are not described
in this tutorial. If the user desires to use RT3D, please contact Dr. Ryan Bailey at Colorado State
University for help in setting up a SWAT-MODFLOW-RT3D model.

9. SWATMOD-PREP: GRAPHICAL USER INTERFACE FOR CREATING
SWAT-MODFLOW SIMULATIONS

SWATMOD-Prep is a graphical user interface that facilitates the linkage of SWAT and
MODFLOW simulations to run a coupled SWAT-MODFLOW simulation. The executable for
installing SWATMOD-Prep on a PC and an accompanying tutorial using the Little River
Watershed dataset are provided on the SWAT-MODFLOW website
(http://swat.tamu.edu/software/swat-modflow/ ).
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