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FloPy Documentation, Release 3.5.0

FloPy,

a Python package to create, run, and post-process MODFLOW-based models

Documentation for version 3.5.0
Documentation is generated with Sphinx from the FloPy repository.
Contents:

The FloPy package consists of a set of Python scripts to run MODFLOW, MT3D, SEAWAT and other MODFLOW-
related groundwater programs. FloPy enables you to run all these programs with Python scripts. The FloPy project
started in 2009 and has grown to a fairly complete set of scripts with a growing user base. FloPy3 was released in
December 2014 with a few great enhancements that make FloPy3 backwards incompatible. The first significant change
is that FloPy3 uses zero-based indexing everywhere, which means that all layers, rows, columns, and stress periods
start numbering at zero. This change was made for consistency as all array-indexing was already zero-based (as are
all arrays in Python). This may take a little getting-used-to, but hopefully will avoid confusion in the future. A second
significant enhancement concerns the ability to specify time-varying boundary conditions that are specified with a
sequence of layer-row-column-values, like the WEL and GHB packages. A variety of flexible and readable ways have
been implemented to specify these boundary conditions.

Recently, FloPy has been further enhanced to include full support for MODFLOW 6. The majority of recent develop-
ment has focused on FloPy functionality for MODFLOW 6, helper functions to use GIS shapefiles and raster files to
create MODFLOW datasets, and common plotting and export functionality.

FloPy provides separate APIs for interacting with MF6 and non-MF6 models. MODFLOW 6 class definitions are
automatically generated from definition (DFN) files, text files describing the format of MF6 input files.

FloPy is an open-source project and any assistance is welcomed. Please email the development team if you want to
contribute.

Return to the Github FloPy website.
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CHAPTER
ONE

INSTALLATION

FloPy can be installed using conda (from the conda-forge channel) or pip.

To install with conda:

conda install -c conda-forge flopy

To install with pip:

pip install flopy

To install the bleeding edge version of FloPy from the git repository type:

pip install git+https://github.com/modflowpy/flopy.git

After FloPy is installed, MODFLOW and related programs can be installed using the command:

get-modflow :flopy

See documentation get_modflow.md for more information.



https://github.com/modflowpy/flopy/blob/develop/docs/get_modflow.md
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CHAPTER
TWO

RESOURCES

Version history
Supported packages
Model checking capabilities



https://github.com/modflowpy/flopy/blob/develop/docs/version_changes.md
https://github.com/modflowpy/flopy/blob/develop/docs/supported_packages.md
https://github.com/modflowpy/flopy/blob/develop/docs/model_checks.md
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CHAPTER
THREE

DEVELOPMENT TEAM

FloPy is developed by a team of MODFLOW users that have switched over to using Python for model development
and post-processing. Members of the team currently include:

* Mark Bakker

* Vincent Post

* Joseph D. Hughes
 Christian D. Langevin
e Jeremy T. White

* Andrew T. Leaf

* Scott R. Paulinski

* Jason C. Bellino

* Eric D. Morway

* Michael W. Toews

¢ Joshua D. Larsen

* Michael N. Fienen

¢ Jon Jeftrey Starn

* David A. Brakenhoff
* Wesley P. Bonelli

¢ and others



https://orcid.org/0000-0002-5629-2861
https://orcid.org/0000-0002-9463-3081
https://orcid.org/0000-0003-1311-2354
https://orcid.org/0000-0001-5610-9759
https://orcid.org/0000-0002-4950-1469
https://orcid.org/0000-0001-8784-4924
https://orcid.org/0000-0001-6548-8164
https://orcid.org/0000-0001-9046-9344
https://orcid.org/0000-0002-8553-6140
https://orcid.org/0000-0003-3657-7963
https://orcid.org/0000-0002-1218-800X
https://orcid.org/0000-0002-7756-4651
https://orcid.org/0000-0001-5909-0010
https://orcid.org/0000-0002-2993-2202
https://orcid.org/0000-0002-2665-5078
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CHAPTER
FOUR

HOW TO CITE

* Groundwater Paper

¢ Software Citation



https://github.com/modflowpy/flopy#citation-for-flopy
https://github.com/modflowpy/flopy#softwarecode-citation-for-flopy
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CHAPTER
FIVE

TUTORIALS

The following tutorials demonstrate basic FloPy features and usage with MODFLOW 2005, MODFLOW 6, and related

programs.

5.1 FloPy

5.1.1 Formatting ASCII output arrays

Configuring numeric arrays written by FloPy

load and run the Freyberg model

import os
import sys
from tempfile import TemporaryDirectory

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

import flopy

# Set name of MODFLOW exe

# assumes executable is in users path statement
version = "mf2005"

exe_name = "mf2005"

mfexe = exe_name

# Set the paths

loadpth = os.path.join("..",
temp_dir = TemporaryDirectory()
modelpth = temp_dir.name

# make sure modelpth directory exists
if not os.path.isdir(modelpth):
os.makedirs(modelpth)

print(sys.version)
print (f"numpy version: {np.__version__}")

, "examples", "data", "freyberg")

(continues on next page)
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(continued from previous page)

print(f"matplotlib version: {mpl.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

matplotlib version: 3.7.4

flopy version: 3.5.0

ml = flopy.modflow.Modflow.load(

"freyberg.nam", model_ws=loadpth, exe_name=exe_name, version=version
)
ml.model_ws = modelpth
ml.write_input()
success, buff = ml.run_model(silent=True, report=True)
if success:

for line in buff:

print(line)

else:

raise ValueError("Failed to run.")

files = ["freyberg.hds", "freyberg.cbc"]
for £ in files:
if os.path.isfile(os.path.join(modelpth, £)):
msg = f"Output file located: {f}"
print (msg)
else:
errmsg = f"Error. Output file cannot be found: {£f}"
print(errmsg)

MODFLOW-2005
U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
Version 1.12.00 2/3/2017

Using NAME file: freyberg.nam
Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03

Solving: Stress period: 1 Time step: 1 Ground-Water Flow Egn.
Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03
Elapsed run time: 0.007 Seconds

Normal termination of simulation
Output file located: freyberg.hds
Output file located: freyberg.cbc

Each Util2d instance now has a . format attribute, which is an ArrayFormat instance:

print(ml.1lpf.hk[0].format)

ArrayFormat: npl:20,format:E,width:15,decimal6,isfree:True,isbinary:False

The ArrayFormat class exposes each of the attributes seen in the ArrayFormat.___str___() call. ArrayFormat
also exposes . fortran, .py and .numpy atrributes, which are the respective format descriptors:

12 Chapter 5. Tutorials
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[4]: print(ml.dis.botm[0].format.fortran)
print(ml.dis.botm[0] . format.py)
print(ml.dis.botm[0] . format.numpy)

(FREE)
(20, '{0:15.6E}")
%15E.6

(re)-setting . format

We can reset the format using a standard fortran type format descriptor

[5]: ml.dis.botm[0].format.free = False
ml.dis.botm[0].format.fortran = "(20£10.4)"
print(ml.dis.botm[0].format. fortran)
print(ml.dis.botm[0].format.py)
print(ml.dis.botm[0] . format.numpy)
print(ml.dis.botm[0] .format)

(20F10.4)

(20, '{0:10.4F1")

%10F .4

ArrayFormat: npl:20,format:F,width:10,decimal4,isfree:False,isbinary:False

[6]: ml.write_input()
success, buff = ml.run_model(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.")

MODFLOW-2005
U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
Version 1.12.00 2/3/2017

Using NAME file: freyberg.nam
Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03

Solving: Stress period: 1 Time step: 1 Ground-Water Flow Egn.
Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03
Elapsed run time: 0.007 Seconds

Normal termination of simulation

Let’s load the model we just wrote and check that the desired botm[0] . format was used:

[7]: ml1 = flopy.modflow.Modflow.load("freyberg.nam", model_ws=modelpth)
print(mll.dis.botm[0].format)

ArrayFormat: npl:20,format:E,width:15,decimal6,isfree:True,isbinary:False

We can also reset individual format components (we can also generate some warnings):

5.1. FloPy 13
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[8]: ml.dis.botm[®].format.width = 9
ml.dis.botm[0]. format.decimal = 1
print(mll.dis.botm[0] .format)

ArrayFormat warning:setting width less than default of 15

ArrayFormat warning: setting decimal less than default of 6

ArrayFormat warning: setting decimal less than current value of 6
ArrayFormat: npl:20,format:E,width:15,decimal6,isfree:True,isbinary:False

We can also select free format. Note that setting to free format resets the format attributes to the default, max precision:

[9]: ml.dis.botm[0].format.free = True
print(mll.dis.botm[0].format)

ArrayFormat: npl:20,format:E,width:15,decimal6,isfree:True,isbinary:False

[10]: ml.write_input()
success, buff = ml.run_model(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.")

MODFLOW-2005
U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
Version 1.12.00 2/3/2017

Using NAME file: freyberg.nam
Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03

Solving: Stress period: 1 Time step: 1 Ground-Water Flow Egn.
Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:03
Elapsed run time: 0.007 Seconds

Normal termination of simulation

[11]: ml1l = flopy.modflow.Modflow.load("freyberg.nam", model_ws=modelpth)
print(mll.dis.botm[0].format)

ArrayFormat: npl:20,format:E,width:15,decimal6,isfree:True,isbinary:False

5.1.2 Exporting to netCDF and shapefile
[1]: import datetime

[2]: import os
import sys
from tempfile import TemporaryDirectory

import flopy

(continues on next page)
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print(sys.version)
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

Load our old friend. . . the Freyberg model

nam_file = "freyberg.nam"
model_ws = os.path.join(

(continued from previous page)

, "..", "examples", "data", "freyberg_multilayer_transient"

)

ml = flopy.modflow.Modflow.load(nam_file, model_ws=model_ws, check=False)

We can see the Modelgrid instance has generic entries, as does start_datetime

ml .modelgrid

x11:622241.1904510253; y11:3343617.741737109; rotation:15.0; crs:EPSG:32614; units:

—meters; lenuni:2

ml.modeltime.start_datetime

'1/1/2015"

Setting the attributes of the m1 .modelgrid is easy:

ml .modelgrid.set_coord_info(
x0ff=123456.7, yoff=765432.1, angrot=15.0, crs=3070

)
ml.dis.start_datetime = "7/4/1776"

ml.modeltime.start_datetime

'7/4/1776'

Basic netCDF export capabilities

# temporary directory
temp_dir = TemporaryDirectory()
pth = temp_dir.name

# export the whole model (inputs and outputs)
fnc = ml.export(os.path.join(pth, f"{ml.name}.in.nc"))

initialize_geometry::
model crs: EPSG:3070
initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
59996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

5.1. FloPy
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# export outputs using spatial reference info
hds = flopy.utils.HeadFile(os.path.join(model_ws, "freyberg.hds"))
flopy.export.utils.output_helper(
os.path.join(pth, f"{ml.name}.out.nc"), ml, {"hds": hds}
)

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

<flopy.export.netcdf.NetCdf at 0x7£f3cObd5a30>

Export an array to netCDF or shapefile

# export a 2d array
ml.dis.top.export(os.path.join(pth, "top.nc"))
ml.dis.top.export(os.path.join(pth, "top.shp"))

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

sparse export of stress period data for a boundary condition package

* excludes cells that aren’t in the package (aren’t in package.stress_period_data)

* by default, stress periods with duplicate parameter values (e.g., stage, conductance, etc.) are omitted
(squeeze=True); only stress periods with different values are exported

* argue squeeze=False to export all stress periods

ml.drn.stress_period_data.export(os.path.join(pth, "drn.shp"), sparse=True)

Export a 3d array

# export a 3d array
ml .upw.hk.export(os.path. join(pth, "hk.nc"))
ml .upw.hk.export(os.path.join(pth, "hk.shp"))

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

16 Chapter 5. Tutorials
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Export a number of things to the same netCDF file

# export lots of things to the same nc file

fnc = ml.dis.botm.export(os.path.join(pth, "test.nc"))
ml.upw.hk.export(fnc)

ml.dis.top.export(£fnc)

# export transient 2d
ml.rch.rech.export(£fnc)

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

<flopy.export.netcdf.NetCdf at 0x7ff38£8946a0>

Export a package to netCDF

# export mflist
fnc = ml.wel.export(os.path. join(pth, "packages.nc"))
ml.upw.export(fnc)

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

<flopy.export.netcdf.NetCdf at 0x7££38£894c10>

Export an entire model to netCDF

fnc = ml.export(os.path.join(pth, "model.nc"))

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg

Export model outputs to netCDF

FloPy has utilities to export model outputs to a netcdf file. Valid output types for export are MODFLOW binary head
files, formatted head files, cell budget files, seawat concentration files, and zonebudget output.

Let’s use output from the Freyberg model as an example of these functions

# load binary head and cell budget files

fhead = os.path.join(model_ws, "freyberg.hds")

(continues on next page)
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(continued from previous page)

fcbc = os.path.join(model_ws, "freyberg.cbhc™)

hds = flopy.utils.HeadFile(fhead)
cbc = flopy.utils.CellBudgetFile(fcbc)

export_dict = {"hds": hds, "cbc": cbc}

# export head and cell budget outputs to netcdf

fnc = flopy.export.utils.output_helper/(
os.path.join(pth, "output.nc"), ml, export_dict

)

initialize_geometry::

model crs: EPSG:3070

initialize_geometry::nc_crs = EPSG:4326

transforming coordinates using = proj=pipeline step inv proj=tmerc lat_0=0 lon_0=-90 k=0.
9996 x_0=520000 y_0=-4480000 ellps=GRS80 step proj=unitconvert xy_in=rad xy_out=deg
error getting data for cell_by_cell_flowstorage at time 1.0:1ist index out of range
error getting data for cell_by_cell_flowstorage at time 1097.0:1list index out of range

try:
# ignore PermissionError on Windows
temp_dir.cleanup()

except:
pass

5.1.3 Exporting to VTK

The Vtk () class in FloPy allows users to export Structured, Vertex, and Unstructured Grid based models to Visualiza-
tion ToolKit files for display. This notebook demonstrates how to use FloPy to export to vtk (.vtu) files. This example
will cover:

* basic exporting of information for a model, individual package, or array to Vtk ()
» example usage of the Vtk () class object to output data
* exporting heads and model output data

* exporting modpath pathlines to Vtk ()

import os

import sys

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np

import flopy
from flopy.export import vtk

sys.path.append(os.path.join("..", "common"))
import notebook_utils

(continues on next page)
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(continued from previous page)

print(sys.version)
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

# load model for examples

nam_file = "freyberg.nam"

prj_root = notebook_utils.get_project_root_path()

model_ws = prj_root / "examples" / "data" / "freyberg_multilayer_transient"
ml = flopy.modflow.Modflow.load(nam_file, model_ws=model_ws, check=False)

Create a temporary workspace.

tempdir = TemporaryDirectory()
workspace = Path(tempdir.name)

Using the .export() method

For all exports a folder path must be provided and the fmt flag should be set to ‘vtk’.

Exporting FloPy arrays to .vtu files

All array exports have the following optional keyword arguments: - smooth: True creates a smooth surface, default is
False - point_scalars: True outputs point scalar values as well as cell values, default is False. - name: A name can
be specified to use for the output filename and array scalar name, by default the FloPy array name is used - binary:
argument that can be specified to switch between binary and ASCII, default is True - xml: True will write an xml
base vtk file, default is False - masked_values: list or tuple of values to mask (set to nan) when writing a array -
vertical_exageration: floating point value that can be used to scale the vertical exageration of the vtk points.
Defaultis 1.

Tranient type array exports (“stress_period_data”; ex. recharge data, well flux, etc . ..) have additional optional keyword
arguments: - pvd: True will write a paraview data file with simulation time for animations. Default is False - kper: a
list, tuple, or integer value of specific stess periods to output

Export model top

# create output folder
output_dir = workspace / "arrays_test"
output_dir.mkdir(exist_ok=True)

# export model top
model_top_dir = output_dir / "TOP"
ml.dis.top.export(model_top_dir, fmt="vtk")
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Export model bottoms

[5]: # 3D Array export
# export model bottoms
model_bottom_dir = output_dir / "BOTM"
ml.dis.botm.export(model_bottom_dir, fmt="vtk")

Export transient array recharge

[6]: # transient 2d array
# export recharge
model_recharge_dir = output_dir / "RECH"
ml.rch.rech.export(model_recharge_dir, fmt="vtk", pvd=True)

Switching to xml, ASCII and standard binary are not supported by Paraview's PVD reader

Export HK with point scalars

[7]1: # 3D Array export
# hk export, with points
model_hk_dir = output_dir / "HK"
ml.upw.hk.export(
model_hk_dir, smooth=True, fmt="vtk", name="HK", point_scalars=True

)

Package export to .vtu files

Package export has the following keyword arguments: - smooth: True creates a smooth surface, default is False -
point_scalars: True outputs point scalar values as well as cell values, default is False. - name: A name can be
specified to use for the output filename and array scalar name, by default the FloPy array name is used - binary:
argument that can be specified to switch between binary and ASCII, default is True - xml: True will write an xml
base vtk file, default is False - masked_values: list or tuple of values to mask (set to nan) when writing a array -
vertical_exageration: floating point value that can be used to scale the vertical exageration of the vtk points.
Default is 1. - pvd: True will write a paraview data file with simulation time for animations. Default is False - kper:
a list, tuple, or integer value of specific stess periods to output

Export dis and upw package

[8]: # package export
# set up package export folder
output_dir = workspace / "package_output_test"
output_dir.mkdir(exist_ok=True)

# export dis
dis_output_dir = output_dir / "DIS"
ml.dis.export(dis_output_dir, fmt="vtk")

(continues on next page)
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# export upw with point scalars as a binary xml based vtk file
upw_output_dir = output_dir / "UPW"
ml.upw.export (upw_output_dir, fmt="vtk", point_scalars=True, xml=True)

Model export to .vtu files

Model export has the following optional keyword arguments:
* package_names: a list of package names to export, default is None and will export all packages in the model.
¢ smooth: True creates a smooth surface, default is False
* point_scalars: True outputs point scalar values as well as cell values, default is False.

* name: A name can be specified to use for the output filename and array scalar name, by default the FloPy array
name is used

* binary: argument that can be specified to switch between binary and ASCII, default is True
e xml: True will write an xml base vtk file, default is False
* masked_values: list or tuple of values to mask (set to nan) when writing a array

e vertical_exageration: floating point value that can be used to scale the vertical exageration of the vtk points.
Default is 1.

* pvd: True will write a paraview data file with simulation time for animations. Default is False

» kper: alist, tuple, or integer value of specific stess periods to output

Export model as a binary unstructured vik file

model_output_dir = workspace / "model_output_test"
ml.export(model_output_dir, fmt="vtk")

Using the Vtk class
To export custom arrays, or choose a custom combination of model inputs to view, the user first needs to instantiate

anew Vtk() object. The Vtk() object has a single required parameter and a number of optional parameters that the
user can take advantage of. These parameters are as follows:

model: any flopy model object can be supplied to create the vtk geometry. Either the model (recommended!) or
modelgrid parameter must be supplied to the Vtk() object.

modelgrid: any flopy modelgrid object (StructuredGrid, VertexGrid, UnstructuredGrid) can be supplied, in leiu
of a model object, to create the vtk geometery.

vertical_exageration: floating point value that can be used to scale the vertical exageration of the vtk points.
Default is 1.

binary: boolean flag to switch between binary and ASCII vtk files. Default is True.

xml: boolean flag to write xml based vtk files. Default is False

pvd: boolean flag to write a paraview data file for transient series of vtu files. This file relates model time to vtu
file for animations. Default is False. If set to True Vtk() will automatically write xml based vtu files.
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* shared_points: boolean flag to write shared vertices within the vtk file. Default is False.

* smooth: boolean flag to interpolate vertex elevations using IDW based on shared cell elevations. Default is
False.

e point_scalars: boolean flag to write interpolated data at each point.

# create a binary XML VIK object and enable PVD file writing
vtkobj = vtk.Vtk(ml, xml=True, pvd=True, vertical_exageration=10)
vtkobj

<flopy.export.vtk.Vtk at 0x7f3b3c20ae80>

Adding array data to the Vtk object

The Vtk () object has an add_array () method that lets the user add array data to the Field data section of the VTK
file.

add_array () has a few parameters for the user: - array : numpy array that has a size equal to the number of cells
in the model (modelgrid.nnodes). - name : array name (string) - masked_values : list of array values to mask/set to
NaN

# Create a vtk object
vtkobj = vtk.Vtk(ml, vertical_exageration=10)

## create some random array data
r_array = np.random.random(ml.modelgrid.nnodes) * 100

## add random data to the VIK object
vtkobj.add_array(r_array, '"random_data")

## add the model botom data to the VIK object
vtkobj.add_array(ml.dis.botm.array, "botm™)

## write the vtk object to file
vtkobj.write(output_dir / "Array_example" / "model.vtu")

Adding transient array data to the Vtk object

The Vtk class has an add_transient_array() method that allows the user to create a series of time varying VTK
files that can be used for animation in VTK viewers.

The add_transient_array () method accepts a dictionary of array2d, array3d, or numpy array objects. Parameters
include: - d: dictionary of array2d, array3d, or numpy array objects - name: parameter name, required when user
provides a dictionary of numpy arrays - masked_values: optional list of values to set equal to NaN.

# create a vtk object
vtkobj = vtk.Vtk(ml, xml=True, pvd=True, vertical_exageration=10)

## add recharge to the VIK object
recharge = ml.rch.rech.transient_2ds
vtkobj.add_transient_array(
recharge,
(continues on next page)
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"recharge",
masked_values=[
0,
1,
)

## write vtk files
vtkobj.write(output_dir / "tr_array_example" / "recharge.vtu")

Adding transient list data to the Vtk object

The Vtk class has an add_transient_list() method that allows the user to create a series of time varying VTK
files that can be used for animation in VTK viewers.

The add_transient_list () method accepts a FloPy mflist (transient list) type object. Parameters include: -mflist:
flopy transient list object - masked_values: list of values to set equal to NaN

# create the vtk object
vtkobj = vtk.Vtk(ml, xml=True, pvd=True, vertical_exageration=10)

## add well fluxes to the VIK object
spd = ml.wel.stress_period_data
vtkobj.add_transient_list(

spd,

masked_values=[

0,

1,

)

## write vtk files
vtkobj.write(output_dir / "tr_list_example" / "wel_flux.vtu")

Adding packages to the Vtk object

The Vtk class has a method for adding package data to a VTK file as Field Data. The add_package () method allows
the user to add packages for subsequent export. add_package () takes the following parameters:

* pkg: flopy package object
» masked_values: optional list of values to set to NaN.

In the following example, a HFB package is added to the existing freyberg model and then exported with the WEL
package.

# create a HFB package for the example
hfb_data = []
for k in range(3):
for i in range(20):
rec = [k, i, 6, i, 7, 1le-06]
hfb_data.append(rec)

hfb = flopy.modflow.ModflowHfb(ml, hfb_data=hfb_data)
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# export HFB and WEL packages using Vtk()
vtkobj = vtk.Vtk(ml, vertical_exageration=10)

vtkobj.add_package (hfb)
vtkobj.add_package(ml.wel)

vtkobj.write(output_dir / "package_example" / "package_export.vtu")

Exporting heads to binary .vtu files

Once a Vtk object is instantiated (see above), the add_heads () method can be used to add head data. This method has
a few parameters: - hds: a flopy FormattedHeadFile or HeadFile object. This method also accepts DrawdownFile, and
ConcentrationFile objects. - kstpkper: optional list of zero based (timestep, stress period) tuples to output. Default
is None and will output all data to a series of vtu files - masked_values: optional list of values to set to NaN, default
is None.

# import the HeadFile reader and read in the head file
from flopy.utils import HeadFile

head_file = model_ws / "freyberg.hds"
hds = HeadFile(head_file)

# create the vtk object and export heads

vtkobj = vtk.Vtk(ml, xml=True, pvd=True, vertical_exageration=10)
vtkobj.add_heads (hds)

vtkobj.write(workspace / "heads_output_test" / "freyberg_head.vtu")

Export heads as point scalar arrays

# export heads as point scalars
vtkobj = vtk.Vtk(
ml, xml=True, pvd=True, point_scalars=True, vertical_exageration=10

)

# export heads for time step 1, stress periods 1, 50, 100, 1000
vtkobj.add_heads(hds, kstpkper=[(0, 0), (0, 49), (0, 99), (0, 999)1)
vtkobj.write(workspace / "heads_output_test_parameters" / "freyberg_head.vtu")

Export cell budget information

Once a Vtk object is instantiated (see above), the add_cell_budget () method can be used to export cell budget data.
This method has a few parameters: - cbc: flopy CellBudgetFile object - text: Optional text identifier for a record
type. Examples include ‘RIVER LEAKAGE’, ‘STORAGE’, etc... Default is None and will export all cell budget
information to vtk files - kstpkper: optional list of zero based (timestep, stress period) tuples to output. Default is
None and will output all data to a series of vtu files - masked_values: optional list of values to set to NaN, default is
None.
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# import the CellBudgetFile reader and read the CBC file
from flopy.utils import CellBudgetFile

cbc_file = model_ws / "freyberg.chc"
cbc = CellBudgetFile(cbc_£file)

# export the cbc file to a series of Vtu files with a PVD file for animation
vtkobj = vtk.Vtk(ml, xml=True, pvd=True, vertical_exageration=10)
vtkobj.add_cell_budget(cbc, kstpkper=[(0, 0), (0, 9), (0, 10), (0, 11D
vtkobj.write(workspace / "cbc_output_test_parameters" / "freyberg_cbc.vtu")

Export vectors from the cell budget file

The Vtk class has an add_vector () method that allows the user to write vector information to VTK files. This method
can be used to export information such as cell centered specific discharge.

The add_vector () method accepts a numpy array of vector data. The array size must be 3 * the number of model
cells (3 * modelgrid.nnodes). Parameters include: - vector: numpy array of size 3 * nnodes - name: name of the
vector - masked_values: list of values to set equal to NaN

# get frf, fff, flf from the Cell Budget file (or SPDIS when using MF6)
from flopy.utils import postprocessing

frf = cbc.get_data(text="FLOW RIGHT FACE", kstpkper=(0®, 9), full3D=True)[0]
fff = cbc.get_data(text="FLOW FRONT FACE", kstpkper=(0®, 9), full3D=True)[0]
flf = cbc.get_data(text="FLOW LOWER FACE", kstpkper=(0®, 9), full3D=True)[0]

spdis = postprocessing.get_specific_discharge((frf, fff, f1f), ml)

# create the Vtk() object
vtkobj = vtk.Vtk(ml, vertical_exageration=10)

# add the vector
vtkobj.add_vector(spdis, name="spdis")

# write to file
vtkobj.write(output_dir / "vector_example" / "spdis_vector.vtu')

Exporting MODPATH timeseries or pathline data

The Vtk class supports writing MODPATH pathline/timeseries data to a VTK file. To start the example, let’s first load
and run a MODPATH simulation (see flopy3_modpath7_unstructured_example for details) and then add the output to
a Vtk object.

# load and run the vertex grid model and modpath7
notebook_utils.run(workspace)

# check if model ran properly
modelpth = workspace / "mp7_ex2" / "mf6"
files = ["mp7p2.hds", "mp7p2.cbb"]
for f in files:
(continues on next page)
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if os.path.isfile(modelpth / £):
msg = f"Output file located: {f}"
print(msg)
else:
errmsg = f"Error. Output file cannot be found: {f}"
print(errmsg)

WARNING: Unable to resolve dimension of ('gwf6', 'disv', 'cell2d', 'cell2d', 'icvert').
—based on shape "ncvert".
writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims...
writing model mp7p2...
writing model name file...
writing package disv...
writing package ic...
writing package npf...
writing package wel 0...
INFORMATION: maxbound in ('gwf6', 'wel', 'dimensions') changed to 1 based on size of.
-»stress_period_data
writing package rcha_@...
writing package riv_0...
INFORMATION: maxbound in ('gwf6', 'riv', 'dimensions') changed to 21 based on size of.
—,stress_period_data
writing package oc...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:29:27
Writing simulation list file: mfsim.lst

Using Simulation name file: mfsim.nam

(continues on next page)
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Solving: Stress period: 1 Time step: 1

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:29:27
Elapsed run time: 0.095 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'mp7p2.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'mp7p2.ims' WAS DEPRECATED
IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

MODPATH Version 7.2.001
Program compiled Jul 05 2023 20:31:49 with IFORT compiler (ver. 20.21.7)

Run particle tracking simulation ...
Processing Time Step 1 Period 1. Time = 1.00000E+03 Steady-state flow

Particle Summary:

0 particles are pending release.
particles remain active.
particles terminated at boundary faces.
particles terminated at weak sink cells.
particles terminated at weak source cells.
particles terminated at strong source/sink cells.
particles terminated in cells with a specified zone number.
particles were stranded in inactive or dry cells.
particles were unreleased.
particles have an unknown status.

(=2 — I — I — R — I — I — o) I —]

Normal termination.

MODPATH Version 7.2.001
Program compiled Jul 05 2023 20:31:49 with IFORT compiler (ver. 20.21.7)

Run particle tracking simulation ...
Processing Time Step 1 Period 1. Time = 1.00000E+03 Steady-state flow

Particle Summary:

0 particles are pending release.

0 particles remain active.

416 particles terminated at boundary faces.

0 particles terminated at weak sink cells.
particles terminated at weak source cells.
particles terminated at strong source/sink cells.
particles terminated in cells with a specified zone number.
particles were stranded in inactive or dry cells.

[=I— I — I —]

(continues on next page)
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0 particles were unreleased.
0 particles have an unknown status.

Normal termination.
Output file located: mp7p2.hds
Output file located: mp7p2.cbb

# load the simulation and get the model

vertex_sim_name = "mfsim.nam"

vertex_sim = flopy.mf6.MFSimulation.load(
sim_name=vertex_sim_name, exe_name="mf6", sim_ws=modelpth

)

vertex_ml6 = vertex_sim.get_model ("mp7p2")

# load the MODPATH-7 results
mp_namea = "mp7/p2a_mp"

fpth = modelpth / f"{mp_namea}.mppth"
p = flopy.utils.PathlineFile(fpth)

p® = p.get_alldata()

loading simulation...
loading simulation name file...
loading tdis package...
loading model gwfé...
loading package disv...
WARNING: Unable to resolve dimension of ('gwf6', 'disv', 'cell2d',
—Dbased on shape "ncvert".
loading package ic...
loading package npf...
loading package wel...
loading package rch...
loading package riv...
loading package oc...
loading solution package mp7p2...

Create the Vtk () object and add all of the model data to it

(continued from previous page)

'cell2d', 'icvert').

vtkobj = vtk.Vtk(vertex_ml6, xml=True, pvd=True, vertical_exageration=10)

vtkobj.add_model (vertex_ml6)

Add modpath data to the Vtk () object.

*Note: this will create a second vtk file that has the file signature: myfilename)_pathline.vtu*

vtkobj.add_pathline_points(p®, timeseries=False)
vtkobj.write(output_dir / "mp7_vertex_example" / "vertex_ex.vtu')

Clean up the temporary workspace.

try:
# ignore PermissionError on Windows
tempdir.cleanup()
except:
pass
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5.1.4 External file handling

import os

import shutil

import sys

from tempfile import TemporaryDirectory

import numpy as np

import flopy
from flopy.utils import flopy_io

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"flopy version: {flopy.__version__}")
3.8.18 (default, Aug 28 2023, 08:27:22)

[GCC 11.4.0]

numpy version: 1.24.4
flopy version: 3.5.0

# make a model

nlay, nrow, ncol = 10, 20, 5
temp_dir = TemporaryDirectory()
model_ws = temp_dir.name

# the place for all of your hand made and costly model inputs
array_dir = os.path.join(temp_dir.name, "array_dir")
os.mkdir(array_dir)

ml = flopy.modflow.Modflow(model_ws=model_ws)
dis = flopy.modflow.ModflowDis(
ml, nlay=nlay, nrow=nrow, ncol=ncol, steady=False, nper=2

)

make an hk and vka array. We’ll save hk to files - pretent that you spent months making this important model property.
Then make an 1pf

hk = np.zeros((nlay, nrow, ncol)) + 5.0
vka = np.zeros_like(hk)
fnames = []
for i, h in enumerate(hk):
fname = os.path.join(array_dir, f"hk_{i + 1}.ref")
fnames. append (fname)
np.savetxt(fname, h)
vka[i] =i + 1
1pf = flopy.modflow.ModflowLpf(ml, hk=fnames, vka=vka)

Let’s also have some recharge with mixed args as well. Pretend the recharge in the second stress period is very important
and precise

warmup_recharge = np.ones((nrow, ncol))
important_recharge = np.random.random((nrow, ncol))

fname = os.path.join(array_dir, "important_recharge.ref")
(continues on next page)
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np.savetxt(fname, important_recharge)

rch = flopy.modflow.ModflowRch(ml, rech={0: warmup_recharge, 1:

[5]: ml.write_input()

Let’s look at the files that were created

[6]: from pprint import pprint

(continued from previous page)

fname})

print("model_ws:", flopy_io.scrub_login(ml.model_ws))
pprint ([flopy_io.scrub_login(p) for p in os.listdir(ml.model_ws)])

model_ws: /tmp/tmpd8gwkalj
['hk_8.ref',
'hk_5.ref',
'hk_2.ref',
'hk_3.ref',
'modflowtest.rch',
'important_recharge.ref’,
'hk_1.ref',
'hk_6.ref',
'hk_10.ref"',
'array_dir',
'hk_7.ref',
'hk_4.ref',
'modflowtest.nam',
'modflowtest.lpf"',
'hk_9.ref',
'modflowtest.dis']

We see that a copy of the hk files as well as the important recharge file were made in the model_ws.Let’s looks at the

1pf file

[7]: open(os.path.join(ml.model_ws, f"{ml.name}.lpf")).readlines()[:20]

[7]: ['# LPF package for MODFLOW-2005 generated by Flopy 3.5.0\n',

! 0 -1E+30 0 \n',

! 0 0 0 0
-~ 0 O\n',

! 0 0 0 0
-~ 0 O\n',

! 1.000000E+00 1.000000E+00 1.000000E+00
. 000000E+00 1.000000E+00 1.000000E+00

! 0 0 0 0
-~ 0 O\n',

! 0 0 0 0
~ 0 O\n',

'OPEN/CLOSE hk_1.ref
- \n',

' INTERNAL 1 (5E15.6) -1 #vkal

! 1.000000E+00
! 1.000000E+00
! 1.000000E+00

1.000000E+00
1.000000E+00
1.000000E+00

1.000000E+00
1.000000E+00
1.000000E+00

1.000000E+00

0 0 0 0 o

0 0 0 0 o

1.000000E+00 1.000000E+00 1.
1.000000E+00\n",

0 0 0 0 o
0 0 0 0 o
1 (FREE) -1 hk layer 1 o

\n',

1.000000E+00
1.000000E+00
1.000000E+00

1.000000E+00\n",
1.000000E+00\n",
1.000000E+00\n",

(continues on next page)
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(continued from previous page)

! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n’,
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n’,
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n',
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n',
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n’,
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n’,
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n',
! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n']

We see that the open/close approach was used - this is because ml .array_free_format is True. Notice that vka
is written internally

ml.array_free_format

True

Now change model_ws

ml.model_ws = os.path.join(model_ws, "new_external_demo_dir")

creating model workspace...
S S/ /. /tp/tmpd8agwkal j /new_external_demo_dir

Now when we call write_input(), a copy of external files are made in the current model_ws

ml.write_input()

# list the files in model_ws that have 'hk' in the name
print(
"\n".join(
[
name
for name in os.listdir(ml.model_ws)
if "hk" in name or "impor" in name

)

hk_8.ref
hk_5.ref
hk_2.ref
hk_3.ref
important_recharge.ref
hk_1.ref
hk_6.ref
hk_10.ref
hk_7.ref
hk_4.ref
hk_9.ref

Now we see that the external files were copied to the new model_ws
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Using external_path

Itis sometimes useful when first building a model to write the model arrays as external files for processing and parameter
estimation. The model attribute external_path triggers this behavior

# make a model - same code as before except for the model constructor
nlay, nrow, ncol = 10, 20, 5

model_ws = os.path.join(model_ws, "external_demo™)

os.mkdir (model_ws)

# the place for all of your hand made and costly model inputs
array_dir = os.path.join(model_ws, "array_dir")
os.mkdir(array_dir)

# lets make an external path relative to the model_ws
ml = flopy.modflow.Modflow(
model_ws=model_ws, external_path=os.path.join(model_ws, "ref")
)
dis = flopy.modflow.ModflowDis(
ml, nlay=nlay, nrow=nrow, ncol=ncol, steady=False, nper=2

)

hk = np.zeros((nlay, nrow, ncol)) + 5.0
vka = np.zeros_like(hk)
fnames = []
for i, h in enumerate(hk):
fname = os.path.join(array_dir, f"hk_{i + 1}.ref")
fnames. append (fname)
np.savetxt(fname, h)
vka[i] =i + 1
1pf = flopy.modflow.ModflowLpf(ml, hk=fnames, vka=vka)

warmup_recharge = np.ones((nrow, ncol))

important_recharge = np.random.random((nrow, ncol))

fname = os.path.join(array_dir, "important_recharge.ref")
np.savetxt(fname, important_recharge)

rch = flopy.modflow.ModflowRch(ml, rech={0: warmup_recharge, 1: fname})

We can see that the model constructor created both model_ws and external_path which is relative to the model_ws

os.listdir(ml.model_ws)

['array_dir', 'ref']

Now, when we call write_input (), any array properties that were specified as np .ndarray will be written externally.
If a scalar was passed as the argument, the value remains internal to the model input files

ml.write_input()
# open(os.path. join(ml.model_ws, ml.name + ".Ipf"), "r").readlines()[:20]

Util2d:delr: resetting 'how' to external
Util2d:delc: resetting 'how' to external
Util2d:model_top: resetting 'how' to external
Util2d:botm layer 1: resetting 'how' to external
Util2d:botm layer 2: resetting 'how' to external

(continues on next page)
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Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:

botm
botm
botm
botm
botm
botm
botm
botm

ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer

layer
layer
layer
layer
layer
layer
layer
layer

kOOO\ICﬁU‘I;-bUJNI—‘

resetting
resetting
resetting
resetting
resetting
resetting
: resetting

@OO\IG\U‘I»&W

10 resetting 'how' to external
: resetting 'how'
: resetting 'how'
: resetting 'how'
: resetting 'how'’
: resetting 'how'’
: resetting 'how'
: resetting 'how'
: resetting 'how'
: resetting 'how'
1® resetting 'how' to external

"how'
"how'
"how'
"how'
"how'
"how'

'how'

to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to

external
external
external
external
external
external
external

external
external
external
external
external
external
external
external
external

(continued from previous page)

Now, vka was also written externally, but not the storage properties.Let’s verify the contents of the external path
directory. We see our hard-fought hk and important_recharge arrays, as well as the vka arrays.

ml.lpf.ss.how =

ml.write_input()

# open(os.path. join(ml.model_ws,

Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:

delr: resetting 'how' to external

delc: resetting 'how' to external
model_top: resetting 'how' to external
botm layer 1: resetting 'how' to external
botm layer 2: resetting 'how' to external
botm layer 3: resetting 'how' to external
botm layer 4: resetting 'how' to external
botm layer 5: resetting 'how' to external
botm layer 6: resetting 'how' to external
botm layer 7: resetting 'how' to external
botm layer 8: resetting 'how' to external
botm layer 9: resetting 'how' to external
botm layer 10: resetting 'how' to external
ss layer 1: resetting 'how' to external
ss layer 2: resetting 'how' to external
ss layer 3: resetting 'how' to external
ss layer 4: resetting 'how' to external
ss layer 5: resetting 'how' to external
ss layer 6: resetting 'how' to external
ss layer 7: resetting 'how' to external
ss layer 8: resetting 'how' to external
ss layer 9: resetting 'how' to external
ss layer 10: resetting 'how' to external

"internal"

ml.name + ".Ipf"),

"r").readlines()[:20]

print("\n".join(os.listdir(os.path.join(ml.model_ws, ml.external_path))))
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hk_8.ref
hk_5.ref
hk_2.ref
vka9.ref
hk_3.ref
botm_layer_5.ref
vka5.ref
vka3.ref
botm_layer_8.ref
ss_layer_8.ref
ss_layer_9.ref
botm_layer_6.ref
botm_layer_1.ref
vkad.ref
important_recharge.ref
hk_1.ref
hk_6.ref
vka2.ref
delc.ref
hk_10.ref
ss_layer_1l.ref
hk_7.ref
botm_layer_7.ref
ss_layer_7.ref
ss_layer_5.ref
hk_4.ref
delr.ref
botm_layer_4.ref
ss_layer_10.ref
model_top.ref
ss_layer_6.ref
botm_layer_10.ref
vka7.ref
vka6.ref
hk_9.ref
botm_layer_3.ref
botm_layer_2.ref
ss_layer_2.ref
rech_0.ref
ss_layer_4.ref
vkal®.ref
vkal.ref
ss_layer_3.ref
vka8.ref
botm_layer_9.ref
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Fixed format

All of this behavior also works for fixed-format type models (really, really old models - I mean OLD!)

# make a model - same code as before except for the model constructor
nlay, nrow, ncol = 10, 20, 5

# lets make an external path relative to the model_ws
ml = flopy.modflow.Modflow(model ws=model_ws, external_path="ref")

# explicitly reset the free_format flag BEFORE ANY PACKAGES ARE MADE!!!
ml.array_free_format = False

dis = flopy.modflow.ModflowDis(
ml, nlay=nlay, nrow=nrow, ncol=ncol, steady=False, nper=2

)

hk = np.zeros((nlay, nrow, ncol)) + 5.0
vka = np.zeros_like(hk)
fnames = []
for i, h in enumerate(hk):
fname = os.path.join(array_dir, f"hk_{i + 1}.ref")
fnames. append (fname)
np.savetxt(fname, h)
vka[i] =i + 1
1pf = flopy.modflow.ModflowLpf(ml, hk=fnames, vka=vka)
ml.lpf.ss.how = "internal”
warmup_recharge = np.ones((nrow, ncol))
important_recharge = np.random.random((nrow, ncol))
fname = os.path.join(array_dir, "important_recharge.ref")
np.savetxt(fname, important_recharge)
rch = flopy.modflow.ModflowRch(ml, rech={0: warmup_recharge, 1: fname})

ml.write_input()

Note: external_path ref already exists

Util2d:delr: resetting 'how' to external
Util2d:delc: resetting 'how' to external
Util2d:model_top: resetting 'how' to external
Util2d:botm layer 1: resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer 9: resetting 'how' to external
Util2d:botm layer 10: resetting 'how' to external
Util2d hk layer 1: can't be free format...resetting
Util2d:ss layer 1: resetting 'how' to external
Util2d hk layer 2: can't be free format...resetting
Util2d:ss layer 2: resetting 'how' to external
Util2d hk layer 3: can't be free format...resetting

O 00 NO VT i WN =

w NN

(continues on next page)
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Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Utilad:

Utilad

Ss
hk
Ss
hk
ss
hk
Ss
hk
ss
hk
Ss
hk
Ss
hk
Sss

layer
layer
layer
layer
layer
layer
layer
layer
layer
layer
layer
layer
layer
layer
layer

© O 00O NNOO VI LT bW

10: can't be free format...resetting

: resetting 'how' to external
: can't be free format...resetting
: resetting 'how' to external
: can't be free format...resetting
: resetting 'how' to external
: can't be free format...resetting
: resetting 'how' to external
: can't be free format...resetting
: resetting 'how' to external
: can't be free format...resetting
: resetting 'how' to external
: can't be free format...resetting

resetting 'how' to external

10: resetting 'how' to external
rech_2: can't be free format...resetting

(continued from previous page)

We see that now the external arrays are being handled through the name file. Let’s look at the name file

['# Name file for MODFLOW-2005, generated by Flopy version 3.5.0.\n',
'#x11:0.0; yl1:0.0; rotation:0.0; units:meters; lenuni:2; start_datetime:1-1-1970\n’,
'LIST 2 modflowtest.list\n',

'DIS 11 modflowtest.dis\n',
'LPF 15 modflowtest.lpf\n',
'RCH 19 modflowtest.rch\n',
'DATA 1001 ref/delr.ref\n',
'DATA 1002 ref/delc.ref\n',
'DATA 1003 ref/model_top.ref\n',
'DATA 1004 ref/botm_layer_1l.ref\n',
'DATA 1005 ref/botm_layer_2.ref\n',
'DATA 1006 ref/botm_layer_3.ref\n',
'DATA 1007 ref/botm_layer_4.ref\n',
'DATA 1008 ref/botm_layer_5.ref\n',
'DATA 1009 ref/botm_layer_6.ref\n',
'DATA 1010 ref/botm_layer_7.ref\n',
'DATA 1011 ref/botm_layer_8.ref\n',
'DATA 1012 ref/botm_layer_9.ref\n',
'DATA 1013 ref/botm_layer_10.ref\n',
'DATA 1014 ref/hk_1.ref\n',
'DATA 1015 ref/vkal.ref\n',
'DATA 1016 ref/ss_layer_1l.ref\n',
'DATA 1017 ref/hk_2.ref\n',
'DATA 1018 ref/vka2.ref\n',
'DATA 1019 ref/ss_layer_2.ref\n',
'DATA 1020 ref/hk_3.ref\n',
'DATA 1021 ref/vka3.ref\n',
'DATA 1022 ref/ss_layer_3.ref\n',
'DATA 1023 ref/hk_4.ref\n',
'DATA 1024 ref/vkad.ref\n',
'DATA 1025 ref/ss_layer_4.ref\n',
'DATA 1026 ref/hk_5.ref\n',

(continues on next page)
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'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA

1027 ref/vkaS.ref\n',

1028 ref/ss_layer_5.ref\n',

1029 ref/hk_6.ref\n',
1030 ref/vka6.ref\n',

1031 ref/ss_layer_6.ref\n’',

1032 ref/hk_7.ref\n',
1033 ref/vka7.ref\n',

1034 ref/ss_layer_7.ref\n',

1035 ref/hk_8.ref\n',
1036 ref/vka8.ref\n',

1037 ref/ss_layer_8.ref\n',

1038 ref/hk_9.ref\n',
1039 ref/vka9.ref\n',

1040 ref/ss_layer_9.ref\n',
1041 ref/hk_10.ref\n',
1042 ref/vkal®.ref\n',
1043 ref/ss_layer_10.ref\n',
1044 ref/rech_0.ref\n',

1045 ref/important_recharge.ref\n']

Free and binary format

ml.dis.botm[0] . format.binary = True

ml.write_input()

Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:

delr: resetting 'how' to external
delc: resetting 'how' to external

model_top:

botm
botm
botm
botm
botm
botm
botm
botm
botm
botm

ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer

layer
layer
layer
layer
layer
layer
layer
layer
layer
layer

O 00O NO VT WN =

resetting 'how' to

= O 00 NO VI b WN =

: resetting 'how'
: resetting 'how'
: resetting 'how'
: resetting 'how'’
: resetting 'how'
: resetting 'how'
: resetting 'how'
: resetting 'how'

: resetting 'how'
10: resetting 'how' to external

: resetting 'how'
resetting 'how'
resetting '"how'
resetting 'how'
resetting 'how'
resetting 'how'
resetting 'how'
resetting '"how'
: resetting 'how'
0: resetting 'how' to external

to
to
to
to
to
to
to
to
to

external

to
to
to

to

external
external
external
external
external
external
external
external
external

external
external
external
external
external
external
external
external
external

(continued from previous page)

open(os.path.join(ml .model_ws, f"{ml.name}.nam")).readlines()
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['# Name file for MODFLOW-2005, generated by Flopy version 3.5.0.\n',

'#x11:0.0; yl1:0.0; rotation:0.0; units:meters; lenuni:2; start_datetime:1-1-1970\n’,

'LIST 2 modflowtest.list\n',

'DIS 11 modflowtest.dis\n',

'LPF 15 modflowtest.lpf\n',

'RCH 19 modflowtest.rch\n',

'DATA 1046 ref/delr.ref\n',

'DATA 1047 ref/delc.ref\n',

'DATA 1048 ref/model_top.ref\n',

'DATA (BINARY) 1049 ref/botm_layer_1l.ref\n',

'DATA 1050 ref/botm_layer_2.ref\n',

'DATA 1051 ref/botm_layer_3.ref\n',

'DATA 1052 ref/botm_layer_4.ref\n',

'DATA 1053 ref/botm_layer_5.ref\n',

'DATA 1054 ref/botm_layer_6.ref\n',

'DATA 1055 ref/botm_layer_7.ref\n',

'DATA 1056 ref/botm_layer_8.ref\n',

'DATA 1057 ref/botm_layer_9.ref\n',

'DATA 1058 ref/botm_layer_10.ref\n',

'DATA 1059 ref/hk_1.ref\n',

'DATA 1060 ref/vkal.ref\n',

'DATA 1061 ref/ss_layer_1l.ref\n',

'DATA 1062 ref/hk_2.ref\n',

'DATA 1063 ref/vka2.ref\n',

'DATA 1064 ref/ss_layer_2.ref\n',

'DATA 1065 ref/hk_3.ref\n',

'DATA 1066 ref/vka3.ref\n',

'DATA 1067 ref/ss_layer_3.ref\n',

'DATA 1068 ref/hk_4.ref\n',

'DATA 1069 ref/vkad.ref\n',

'DATA 1070 ref/ss_layer_4.ref\n',

'DATA 1071 ref/hk_5.ref\n',

'DATA 1072 ref/vka5.ref\n',

'DATA 1073 ref/ss_layer_5.ref\n',

'DATA 1074 ref/hk_6.ref\n',

'DATA 1075 ref/vka6.ref\n',

'DATA 1076 ref/ss_layer_6.ref\n',

'DATA 1077 ref/hk_7.ref\n',

'DATA 1078 ref/vka7.ref\n',

'DATA 1079 ref/ss_layer_7.ref\n',

'DATA 1080 ref/hk_8.ref\n',

'DATA 1081 ref/vka8.ref\n',

'DATA 1082 ref/ss_layer_8.ref\n',

'DATA 1083 ref/hk_9.ref\n',

'DATA 1084 ref/vka9.ref\n',

'DATA 1085 ref/ss_layer_9.ref\n',

'DATA 1086 ref/hk_10.ref\n',

'DATA 1087 ref/vkal®.ref\n',

'DATA 1088 ref/ss_layer_10.ref\n',

'DATA 1089 ref/rech_0.ref\n',

'DATA 1090 ref/important_recharge.ref\n']
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open(os.path.join(ml .model_ws, f"{ml.name}.dis")).readlines()

['# DIS package for MODFLOW-2005 generated by Flopy 3.5.0\n',

! 10 20 5 2 4 2\n"',

' 0 0 06 0 06 0 06 O O\n',

! 1046 1 (5E15.6) -1 #delr\n',

! 1047 1 (20E15.6) -1 #delc\n',

! 1048 1 (5E15.6) -1 #model_top\n',

! -1049 1 (BINARY) -1 #botm layer 1\n',
! 1050 1 (5E15.6) -1 #botm layer 2\n',
! 1051 1 (5E15.6) -1 #botm layer 3\n',
! 1052 1 (5E15.6) -1 #botm layer 4\n',
! 1053 1 (5E15.6) -1 #botm layer 5\n',
! 1054 1 (5E15.6) -1 #botm layer 6\n',
! 1055 1 (5E15.6) -1 #botm layer 7\n',
! 1056 1 (5E15.6) -1 #botm layer 8\n',
! 1057 1 (5E15.6) -1 #botm layer 9\n',
! 1058 1 (5E15.6) -1 #botm layer 10\n',
! 1.000000 1 1.000000 TR\n',

! 1.000000 1 1.000000 TR\n']

The .how attribute

Util2d includes a .how attribute that gives finer grained control of how arrays will written

ml.lpf.hk[0].how

'external'

This will raise an error since our model does not support free format. ..

try:
ml.lpf.hk[0].how = "openclose"
ml.lpf.hk[0].how
ml.write_input()

except Exception as e:
print("\n", e, "\n'")

Util2d:delr: resetting 'how' to external
Util2d:delc: resetting 'how' to external
Util2d:model_top: resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer resetting 'how' to external
Util2d:botm layer 9: resetting 'how' to external
Util2d:botm layer 10: resetting 'how' to external

O 00N VI b WN =

Util2d error: 'how' is openclose, but model doesn't support free fmt
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So let’s reset hk layer 1 back to external. ..

ml.lpf.hk[0].how
ml.lpf.hk[0].how

'external'

ml.dis.top.how =

ml.write_input()

Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:
Utilad:

open(os.path. join(ml .model_ws, f"{ml.name

delr:
delc:
botm
botm
botm
botm
botm
botm
botm
botm
botm
botm

ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer
ss layer

"external"

"external"

resetting 'how' to external
resetting 'how' to external

layer
layer
layer
layer
layer
layer
layer
layer
layer
layer

kOOO\ICDU‘IphUUNI—l

1: resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
resetting 'how' to external
: resetting 'how' to external
10 resetting 'how' to external

@OO\IG’W»&WN

: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
: resetting 'how' to external
1® resetting 'how' to external

.dis")) .readlines()

['# DIS package for MODFLOW-2005 generated by Flopy 3.5.0\n’',
! 10 20 5 2 2\n',
''®9 0 0 0 0 06 0 06 O O\n',
! 1104 1 (5E15.6) -1 #delr\n',
! 1105 1 (20E15.6) -1 #delc\n',
! 1106 1 (5E15.6) -1 #model_top\n',
! -1107 1 (BINARY) -1 #botm layer 1\n',
! 1108 1 (5E15.6) -1 #botm layer 2\n',
! 1109 1 (5E15.6) -1 #botm layer 3\n',
! 1110 1 (5E15.6) -1 #botm layer 4\n',
! 1111 1 (5E15.6) -1 #botm layer 5\n',
! 1112 1 (5E15.6) -1 #botm layer 6\n',
! 1113 1 (5E15.6) -1 #botm layer 7\n',
! 1114 1 (5E15.6) -1 #botm layer 8\n',
! 1115 1 (5E15.6) -1 #botm layer 9\n',
! 1116 1 (5E15.6) -1 #botm layer 10\n',
! 1.000000 1 1.000000 TR\n',
! 1.000000 1 1.000000 TR\n']
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[28]: open(os.path.join(ml.model_ws, f"{ml.name/.lpf")).readlines()
[28]: ['# LPF package for MODFLOW-2005 generated by Flopy 3.5.0\n',

! 0 -1E+30 O \n',

! 0 0 0 0 0 0 0 0 o
-~ 0 O\n',

! 0 0 ) 0 0 0 0 0 o
—~ 0 O\n',

! 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.
—000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00\n',

! 0 0 0 0 0 0 0 0 o
-~ 0 O\n',

! 0 0 0 0 0 0 0 0 o
-~ 0 O\n',

! 1117 1 (5E15.6) -1 #hk layer 1\n',

! 1118 1 (5E15.6) -1 #vkal\n',

! 1119 1 (5E15.6) -1 #ss layer 1\n',

! 1120 1 (5E15.6) -1 #hk layer 2\n',

! 1121 1 (5E15.6) -1 #vka2\n',

! 1122 1 (5E15.6) -1 #ss layer 2\n',

! 1123 1 (5E15.6) -1 #hk layer 3\n',

! 1124 1 (5E15.6) -1 #vka3\n',

! 1125 1 (5E15.6) -1 #ss layer 3\n',

! 1126 1 (5E15.6) -1 #hk layer 4\n',

! 1127 1 (5E15.6) -1 #vka4\n',

! 1128 1 (5E15.6) -1 #ss layer 4\n',

! 1129 1 (5E15.6) -1 #hk layer 5\n',

! 1130 1 (5E15.6) -1 #vka5\n',

! 1131 1 (5E15.6) -1 #ss layer 5\n',

! 1132 1 (5E15.6) -1 #hk layer 6\n',

! 1133 1 (5E15.6) -1 #vkab\n',

! 1134 1 (5E15.6) -1 #ss layer 6\n',

! 1135 1 (5E15.6) -1 #hk layer 7\n',

! 1136 1 (5E15.6) -1 #vka7\n',

! 1137 1 (5E15.6) -1 #ss layer 7\n',

! 1138 1 (5E15.6) -1 #hk layer 8\n',

! 1139 1 (5E15.6) -1 #vka8\n',

! 1140 1 (5E15.6) -1 #ss layer 8\n',

! 1141 1 (5E15.6) -1 #hk layer 9\n',

! 1142 1 (5E15.6) -1 #vka9\n',

! 1143 1 (5E15.6) -1 #ss layer 9\n',

! 1144 1 (5E15.6) -1 #hk layer 10\n',

! 1145 1 (5E15.6) -1 #vkal®\n',

! 1146 1 (5E15.6) -1 #ss layer 10\n']

[29]: open(os.path.join(ml.model _ws, f"{ml.name/.nam")).readlines()

[29]: ['# Name file for MODFLOW-2005, generated by Flopy version 3.5.0.\n',
'#x11:0.0; yl1:0.0; rotation:0.0; units:meters; lenuni:2; start_datetime:1-1-1970\n’,

'LIST 2 modflowtest.list\n',
'DIS 11 modflowtest.dis\n',
'LPF 15 modflowtest.lpf\n',
'RCH 19 modflowtest.rch\n',

(continues on next page)
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'DATA
'DATA
'DATA
'DATA(BINARY)
'DATA
'"DATA
'DATA
'DATA
'DATA
'DATA
'"DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'"DATA
'DATA
'DATA
'DATA
'DATA
'DATA
'"DATA
'DATA
'DATA
'DATA
'"DATA
'"DATA
'DATA
'DATA

[30]: try:

1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148

ref/delr.ref\n’',
ref/delc.ref\n',
ref/model_top.ref\n',

ref/botm_layer_l.ref\n',
ref/botm_layer_2.ref\n',
ref/botm_layer_3.ref\n',
ref/botm_layer_4.ref\n',
ref/botm_layer_5.ref\n',
ref/botm_layer_6.ref\n',
ref/botm_layer_7.ref\n',
ref/botm_layer_8.ref\n',
ref/botm_layer_9.ref\n',
ref/botm_layer_10.ref\n',

ref/hk_1.ref\n',
ref/vkal.ref\n',

ref/ss_layer_1l.ref\n',

ref/hk_2.ref\n',
ref/vka2.ref\n',

ref/ss_layer_2.ref\n',

ref/hk_3.ref\n',
ref/vka3.ref\n',

ref/ss_layer_3.ref\n',

ref/hk_4.ref\n',
ref/vkad.ref\n',

ref/ss_layer_4.ref\n',

ref/hk_5.ref\n',
ref/vka5.ref\n',

ref/ss_layer_5.ref\n',

ref/hk_6.ref\n',
ref/vka6.ref\n',

ref/ss_layer_6.ref\n',

ref/hk_7.ref\n',
ref/vka7.ref\n',

ref/ss_layer_7.ref\n',

ref/hk_8.ref\n',
ref/vka8.ref\n',

ref/ss_layer_8.ref\n',

ref/hk_9.ref\n',
ref/vka9.ref\n',

ref/ss_layer_9.ref\n',

ref/hk_10.ref\n',
ref/vkal®.ref\n',

ref/ss_layer_10.ref\n',

ref/rech_0.ref\n',

ref/important_recharge.ref\n']

# ignore PermissionError on Windows
temp_dir.cleanup()

except:
pass

(continued from previous page)
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5.2 MODFLOW 6

5.2.1 MODFLOW 6: Accessing Simulation Settings, Models, and Packages

This tutorial shows how to view, access, and change the underlying package variables for MODFLOW 6 objects in
FloPy. Interaction with a FloPy MODFLOW 6 model is different from other models, such as MODFLOW-2005,
MT3D, and SEAWAT, for example.

The MODFLOW 6 simulation structure is arranged in the following generalized way:

SIMULATION --> PACKAGE --> Data
SIMULATION --> MODEL --> PACKAGE (--> PACKAGE) --> Data

This tutorial focuses on accessing simulation-wide FloPy settings and how to create and access models and packages.
Tutorial 3, 4, and 5 offer a more in depth look at observation, time series, and time array series packages, and tutorial
6,7, 8, and 9 offer a more in depth look at the data.

Create Simple Demonstration Model

This tutorial uses a simple demonstration simulation with one GWF Model. The model has 3 layers, 4 rows, and 5
columns. The model is set up to use multiple model layers in order to demonstrate some of the layered functionality in
FloPy.

# package import
from pathlib import Path
from tempfile import TemporaryDirectory

import flopy

temp_dir = TemporaryDirectory()
workspace = temp_dir.name
name = "tutorial®l_mf6_data"

# set up simulation and basic packages
sim = flopy.mf6.MFSimulation(sim_name=name, sim_ws=workspace)
flopy.mf6.ModflowTdis(

sim, nper=10, perioddata=[[365.0, 1, 1.0] for

in range(10)]
)
flopy.mf6.ModflowIms (sim)
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, save_flows=True)
flopy.mf6.ModflowGwfdis(gwf, nlay=3, nrow=4, ncol=5)
flopy.mf6.ModflowGwfic(gwf)
flopy.mf6.ModflowGwinpf(gwf, save_specific_discharge=True)
flopy.mf6.ModflowGwfchd(

gwf, stress_period_data=[[(0, O, 0), 1.0], [(2, 3, 4), 0.0]]
)
budget_file = f"{name}.bud"
head_file = f"{name;}.hds"
flopy.mf6.ModflowGwfoc (

gwt,

budget_filerecord=budget_file,
(continues on next page)
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(continued from previous page)

head_filerecord=head_file,
saverecord=[("HEAD", "ALL"), ("BUDGET", "ALL")],
)

print("Done creating simulation.")

Done creating simulation.

Accessing Simulation-Level Settings
FloPy has a number of settings that can be set for the entire simulation. These include how much information FloPy
writes to the console, how to format the MODFLOW package files, and whether to verify MODFLOW data.

The verbosity level, which determines how much FloPy writes to command line output. The options are 1 for quiet, 2
for normal, and 3 for verbose. Below we set the verbosity level to verbose.

sim.simulation_data.verbosity_level = 3

We can also set the number of spaces to indent data when writing package files by setting the indent string.

sim.simulation_data.indent_string =

Next we set the precision and number of characters written for floating point variables.

sim.float_precision = 8
sim. float_characters = 15

Lastly, we disable verify_data and auto_set_sizes for faster performance. With these options disabled FloPy will not
do any checking or autocorrecting of your data.

sim.verify_data = False
sim.auto_set_sizes = False

Accessing Models and Packages

At this point a simulation is available in memory. In this particular case the simulation was created directly using
Python code; however, the simulation might also have been loaded from existing model files using the FloPy.mf6.
MFSimulation.load() function.

Once a MODFLOW 6 simulation is available in memory, the contents of the simulation object can be listed using a
simple print command.

print(sim)

sim_name = tutorial®l_mf6_data
sim_path = /tmp/tmpp_e3z2bo
exe_name = mf6

HAHBHAH SRR H BB A
Package mfsim.nam
HHHB AR AR H AR AR R R A

package_name = mfsim.nam

(continues on next page)
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filename = mfsim.nam

package_type = nam
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

##HAB AR AR H AR AR AR
Package tutorial®@l_mf6_data.tdis
HHHBHRH AR HHH AR HRHH

package_name = tutorial®1_mf6_data.tdis
filename = tutorial®l_mf6_data.tdis
package_type = tdis
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

HHHB AR AR H AR AR RS
Package ims_-1
HHHBHRH AR HHH AR R HH

package_name = ims_-1

filename = tutorial®l_mf6_data.ims
package_type = ims
model_or_simulation_package = simulation
simulation_name = tutorial®1_mf6_data

clelddddddaddddeededd
Model tutorial®l_mf6_data
clelddddddddaedelled

name = tutorial®l_mf6_data
model_type = gwfb6

version = mf6
model_relative_path = .

HARRHRHARHHRRH SR
Package dis
##HB AR AR H AR AR AR

package_name = dis

filename = tutorial®l_mf6_data.dis
package_type = dis
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

HERHHRAHRHHRAH A HH
Package ic
H#HBHRH AR H AR AR R R HH

(continued from previous page)

(continues on next page)
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(continued from previous page)
package_name = ic
filename = tutorial®l_mf6_data.ic
package_type = ic
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

H#HBHRH AR H AR AR AR
Package npf
HHHBHRH AR HHH AR HRHH

package_name = npf

filename = tutorial®l_mf6_data.npf
package_type = npf
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

H#HBHRH AR H AR AR AR HH
Package chd_®
RHHBHRH AR HHHHRHHRHH

package_name = chd_0

filename = tutorial®l_mf6_data.chd
package_type = chd
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

H#HBHRH AR H AR AR AR HH
Package oc
HARBHHH R B AR RS

package_name = oc

filename = tutorial®l_mf6_data.oc
package_type = oc
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

Simulation-level packages, models, and model packages can be shown by printing the simulation object. In this case,
you should see the all of the contents of simulation and some information about each FloPy object that is part of
simulation.

To get the TDIS package and print the contents, we can do the following

[10]: tdis = sim.tdis
print(tdis)

package_name = tutorial®l1_mf6_data.tdis

(continues on next page)
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filename = tutorial®l_mf6_data.tdis
package_type = tdis
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

Block dimensions
nper
{internal}

(10)

Block perioddata

perioddata
{internal}

([@65., 1, 1.) (365., 1, 1.) (365., 1, 1.) (365., 1, 1.) (365.,

(365., 1, 1.) (365., 1, 1.) (365., 1, 1.) (365., 1, 1.) (365.,

To get the Iterative Model Solution (IMS) object, we use the following syntax

ims = sim.get_package("ims_-1")
print (ims)

package_name = ims_-1

filename = tutorial®l_mf6_data.ims
package_type = ims
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

Or because there is only one IMS object for this simulation, we can access it as

ims = sim.get_package("ims")
print(ims)

package_name = ims_-1

filename = tutorial®l_mf6_data.ims
package_type = ims
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

(continued from previous page)

1, 1)
1, 10D

When printing the sim object, there is also a simulation package called nam. This package contains the information
that is written to the mfsim.nam file, which is the primary file that MODFLOW 6 reads when it first starts. The nam
package is automatically updated for you by FloPy and does not require modification.

nam = sim.get_package(''nam")
print (nam)

5.2. MODFLOW 6
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package_name = mfsim.nam

filename = mfsim.nam

package_type = nam
model_or_simulation_package = simulation
simulation_name = tutorial®l_mf6_data

Block timing

tdis6

{internal}
(tutorial®1_mf6_data.tdis)

Block models

models

{internal}

([('gwf6', 'tutorial®l_mf6_data.nam', 'tutorial®@l_mf6_data')])

Block solutiongroup

solutiongroup
{internal}
([('ims6', 'tutorial®l_mf6_data.ims', 'tutorial®l_mf6_data')])

To see the models that are contained within the simulation, we can get a list of their names as follows

print(sim.model_names)

["tutorial®l_mf6_data']

sim.model_names returns the keys of an ordered dictionary, which isn’t very useful to us, but we can convert that to
a list and then go through that list and print information about each model in the simulation. In this case there is only
one model, but had there been more models, we would see them listed here

model_names = list(sim.model_names)
for mname in model_names:
print (mname)

tutorial®1_mf6_data

If we want to get a model from a simulation, then we use the get_model () method of the sim object. Here we go
through all the models in the simulation and print the model name and the model type.

model_names = list(sim.model_names)
for mname in model_names:
m = sim.get_model (mname)
print(m.name, m.model_type)

tutorial®1_mf6_data gwfb6
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For this simple case here with only one GWF model, we can very easily get the FloPy representation of the GWF model

as

gwf = sim.get_model (name)

Now that we have the GWF object, we can print it, and see what’s it contains.

print (gwf)

name = tutorial®l_mf6_data
model_type = gwfb6

version = mf6
model_relative_path = .

##HB AR AR H AR AR RS
Package dis
HHHBHRH AR HHH AR HRHH

package_name = dis

filename = tutorial®l_mf6_data.dis
package_type = dis
model_or_simulation_package = model
model_name = tutorial®1_mf6_data

H#HB AR AR H AR AR AR
Package ic
HHHBHRH AR HHH AR HRHH

package_name = ic

filename = tutorial®l_mf6_data.ic
package_type = ic
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

H#HB AR AR H AR AR AR HH
Package npf
RHHBHRH AR HHH AR HRHH

package_name = npf

filename = tutorial®l_mf6_data.npf
package_type = npf
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

H#HBHRH AR H AR AR AR HH
Package chd_®0
RHAHBHRH AR HHHHRHHRHH

package_name = chd_0
filename = tutorial®l_mf6_data.chd
package_type = chd

(continues on next page)
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model_or_simulation_package = model
model_name = tutorial®l_mf6_data

RHAHBHRH AR HHHHRHHRHH
Package oc
##HAB AR AR H AR AR AR

package_name = oc

filename = tutorial®l_mf6_data.oc
package_type = oc
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

What we see here is the information that we saw when we printed the sim object.

(continued from previous page)

One of the most common operations on a model is to see what packages are in it and then get packages of interest. A

list of packages in a model can obtained as

package_list = gwf.get_package_list()

print(package_list)
['DIS', 'IC', 'NPF', 'CHD_O', 'OC']

As you might expect we can access each package in this list with gwf.get_package(). Thus, the following syntax can

be used to obtain and print the contents of the DIS Package

dis = gwf.get_package("dis")
print(dis)

package_name = dis

filename = tutorial®l_mf6_data.dis
package_type = dis
model_or_simulation_package = model
model_name = tutorial®l_mf6_data

Block dimensions
nlay
{internal}

3

nrow
{internal}

€3]

ncol
{internal}

()

(continues on next page)
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(continued from previous page)

Block griddata

delr
{constant 1.0}

delc
{constant 1.0}

top
{constant 1.0}

botm
{constant 0.0}

The Python type for this dis package is simply

print(type(dis))
<class 'flopy.mf6.modflow.mfgwfdis.ModflowGwfdis'>

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
—TemporaryDirectory

pass

5.2.2 MODFLOW 6: Observation packages

Introduction to Observations

Observations can be set for any package through the package.obs object, and each package.obs object has several
attributes that can be set:

Attribute Type Description

package.obs.filename  str Name of observations file to create. The default is packagename + ‘.obs’.

pack- dict A dictionary that has file names as keys and a list of observations as the dictionary
age.obs.continuous values.

package.obs.digits int Number of digits to write the observation values. Default is 10.

pack- bool Flag indicating whether or not observations are written to listing file.

age.obs.print_input

The following code sets up a simulation used in the observation examples.

# package import
import os
(continues on next page)
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from pathlib import Path
from tempfile import TemporaryDirectory

[2]: import numpy as np

[3]: import flopy

[4]: # set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()
workspace = temp_dir.name
name = "tutorial®2_mf6_data"

[5]: # create the flopy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace
)
tdis_rc = [(1.0, 1, 1.0), (10.0, 5, 1.0), (160.0, 5, 1.0), (160.0, 1, 1.0)]
tdis_package = flopy.mf6.modflow.mftdis.ModflowTdis(
sim, time_units="DAYS", nper=4, perioddata=tdis_rc
)
# create the flopy groundwater flow (gwf) model object
model_nam_file = f"{name}.nam"
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object
ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")
# create the discretization package
bot = np.linspace(-3.0, -50.0 / 3.0, 3)
delrow = delcol = 4.0
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
guf,
pname="dis",
nogrb=True,
nlay=3,
nrow=101,
ncol=101,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,
)
# create the initial condition (ic) and node property flow (npf) packages
ic_package = flopy.mf6.modflow.mfgwfic.ModflowGwfic(gwf, strt=50.0)
npf_package = flopy.mf6.modflow.mfgwfnpf.ModflowGwEnpf(
gwi,
save_flows=True,
icelltype=[1, 0, 0],
k=[5.0, 0.1, 4.0],
k33=[0.5, 0.005, 0.1],
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Observation Example 1

One method to build the observation package is to pass a dictionary with the observations containing “observations”
parameters of the parent package.

This example uses the observation package in a GHB package. First the stress period data for a ghb package is built.

# build ghb stress period data
ghb_spd = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
ghb_period.append(((layer, row, 9), 1.0, cond, "Estuary-L2"))
ghb_spd[0] = ghb_period

The next step is to build the observation data in a dictionary. The dictionary key is the filename of the observation
output file and optionally a “binary” keyword to make the file binary. When the optional “binary” keyword is used the
dictionary key is a tuple, otherwise it is a string. The dictionary value is a list of tuples containing the contents of the
observation package’s continuous block, with each tuple containing one line of information.

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv": [

("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),
1,

The ghb package is now constructed with observations by setting the observations parameter to ghb_obs on con-
struction of the ghb package.

# build ghb package passing obs dictionary to package constructor
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (

gwt,

print_input=True,

print_flows=True,

save_flows=True,

boundnames=True,

observations=ghb_obs,

pname="ghb",

maxbound=30,

stress_period_data=ghb_spd,

Observation information such as the print_input option can then be set using the package’s obs parameter.

ghb.obs.print_input = True

# clean up for next example
gwf.remove_package("ghb")
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Observation Example 2

Alternatively, an obs package can be built by initializing obs through ghb.obs.initialize.

First, a GHB package is built without defining observations.

# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwfghb (
gwf,
print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
maxbound=30,
stress_period_data=ghb_spd,
pname="ghb",

Then the ghb observations are defined in a dictionary similar to example 1.

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv": [

("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),
1,
}

The observations can then be added to the ghb package using the obs attribute’s initialize method. The observation
package’s file name, digits, and print_input options, along with the continuous block data are set in the initialize method.

# initialize obs package
ghb.obs.initialize(
filename="child_pkgs_test.ghb.obs",
digits=9,
print_input=True,
continuous=ghb_obs,

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
— TemporaryDirectory

pass
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5.2.3 MODFLOW 6: Time Series Packages

Introduction to Time Series

Time series can be set for any package through the package.ts object, and each package.ts object has several
attributes that can be set:

Attribute Type Description
package.ts.filename str Name of time series file to create. The default is packagename + “.ts”.
package.ts.timeseries recar- Array containing the time series information

ray
pack- str  or List of names of the time series data columns. Default is to use names from
age.ts.time_series_namere list timeseries.dtype.names|[1:].
pack- str Interpolation method. Must be only one time series record. If there are mul-
age.ts.interpolation_metho tiple time series records, then the methods attribute must be used.
pack- float Scale factor to multiply the time series data column. Can only be used if there
age.ts.interpolation_metho is one time series data column.
pack- float Scale factor to multiply the time series data column. Can only be used if there
age.ts.sfacrecord_single is one time series data column.
package.ts.sfacrecord list (of Scale factors to multiply the time series data columns.

floats)

The following code sets up a simulation used in the time series examples.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np
import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®3_mf6_data"

# create the flopy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace
)
tdis_rc = [(1.0, 1, 1.0), (10.0, 5, 1.0), (160.0, 5, 1.0), (160.0, 1, 1.0)]
tdis_package = flopy.mf6.modflow.mftdis.ModflowTdis(
sim, time_units="DAYS", nper=4, perioddata=tdis_rc
)
# create the Flopy groundwater flow (gwf) model object
model_nam_file = f"{name}.nam"
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object
ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")

(continues on next page)

5.2. MODFLOW 6 55



[6]:

[7]:

FloPy Documentation, Release 3.5.0

(continued from previous page)

# create the discretization package
bot = np.linspace(-3.0, -50.0 / 3.0, 3)
delrow = delcol = 4.0
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwf,
pname="dis",
nogrb=True,
nlay=3,
nrow=101,
ncol=101,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,
)
# create the initial condition (ic) and node property flow (npf) packages
ic_package = flopy.mf6.modflow.mfgwfic.ModflowGwfic(gwf, strt=50.0)
npf_package = flopy.mf6.modflow.mfgwfnpf.ModflowGwinpf(
gwt,
save_flows=True,
icelltype=[1, 0, 0],
k=[5.0, 0.1, 4.0],
k33=[0.5, 0.005, 0.1],

Time Series Example 1

One way to construct a time series is to pass the time series data to the parent package constructor.

This example uses time series data in a GHB package. First the GHB stress_period_data is built.

# build ghb stress period data
ghb_spd_ts = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

Next the time series data is built. The time series data is constructed as a list of tuples, with each tuple containing a
time and the value (or values) at that time. The time series data is put in a dictionary along with additional time series
information including filename, time_series_namerecord, interpolation_methodrecord, and sfacrecord.

# build ts data

ts_data = []

for n in range(0, 365):
time = float(n / 11.73)
val = float(n / 60.0)
ts_data.append((time, val))

ts_dict = {
"filename": "tides.ts",
"time_series_namerecord": "tide",

(continues on next page)
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"timeseries": ts_data,
"interpolation_methodrecord": "linearend",
"sfacrecord": 1.1,

The GHB package is then constructed, passing the time series data into the timeseries parameter.

# build ghb package

ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwfghb(
gwf,
print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
timeseries=ts_dict,
pname="ghb",
maxbound=30,
stress_period_data=ghb_spd_ts,

)

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',

- 'sfacval') based on shape "time_series_name".

Time series attributes, like time_series_namerecord, can be modified using the ghb. ts object.

# set required time series attributes
ghb.ts.time_series_namerecord = "tides"

# clean up for next example
gwf.remove_package(''ghb")

Time Series Example 2

Another way to construct a time series is to initialize the time series through the ghb.ts.initialize method. Addi-
tional time series can then be appended using the append_package method

First the GHB stress period data is built.

# build ghb stress period data
ghb_spd_ts = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
if row < 10:
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
else:
ghb_period.append(((layer, row, 9), "wl", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

Next the time series data is built. The time series data is constructed as a list of tuples, with each tuple containing a
time and the value (or values) at that time.
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# build ts data
ts_data = []
for n in range(®, 365):
time = float(n / 11.73)
val = float(n / 60.0)
ts_data.append((time, val))
ts_data2 = []
for n in range(®, 365):
time = float(1.0 + (n / 12.01))
val = float(n / 60.0)
ts_data2.append((time, val))
ts_data3 = []
for n in range(®, 365):
time = float(10.0 + (n / 12.01))
val = float(n / 60.0)
ts_data3.append((time, val))

A ghb package is constructed without the time series data

# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (
guf,
print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
pname="ghb",
maxbound=30,
stress_period_data=ghb_spd_ts,

The first time series data are added by calling the initialize method from the ghb. ts object. The times series package’s
file name, name record, method record, and sfac record, along with the time series data are set in the initialize method.

# initialize first time series
ghb.ts.initialize(
filename="tides.ts",
timeseries=ts_data,
time_series_namerecord="tides",
interpolation_methodrecord="1inearend",
sfacrecord=1.1,

)

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
—.'sfacval') based on shape "time_series_name".

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',

- 'sfacval') based on shape "time_series_name".

The remaining time series data are added using the append_package method. The append_package method takes
the same parameters as the initialize method.

# append additional time series
ghb. ts.append_package(
filename="wls.ts",

(continues on next page)
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timeseries=ts_data2,
time_series_namerecord="wl",
interpolation_methodrecord="stepwise",
sfacrecord=1.2,

)

# append additional time series

ghb. ts.append_package(
filename="wls2.ts",
timeseries=ts_data3,
time_series_namerecord="wl2",
interpolation_methodrecord="stepwise",
sfacrecord=1.3,

)

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
< 'sfacval') based on shape "time_series_name".

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',

- 'sfacval') based on shape "time_series_name".

Information can be retrieved from time series packages using the ts attribute of its parent package. Below the interpo-
lation method record for each of the three time series are retrieved.

print(
" is using interpolation".format(
ghb.ts[0].filename,
ghb.ts[0].interpolation_methodrecord.get_data() [0][0],
)
)
print(
"{} is using interpolation". format(
ghb.ts[1].filename,
ghb.ts[1].interpolation_methodrecord.get_data()[0][0],
)
)
print(
"{} is using interpolation". format(
ghb.ts[2].filename,
ghb.ts[2].interpolation_methodrecord.get_data()[0][0],
)
)

tides.ts is using linearend interpolation
wls.ts is using stepwise interpolation
wls2.ts is using stepwise interpolation

try:
temp_dir.cleanup()
except PermissionError:
# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.

(continues on next page)
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— TemporaryDirectory
pass

5.2.4 MODFLOW 6: Time Array Series Packages

Introduction to Time Array Series

Time array series can be set for any package through the package.tas object, and each package.tas object has
several attributes that can be set:

Attribute Type Description

package.tas.filename  str Name of time series file to create. The default is packagename + “.tas”.

package.tas.tas_array  {dou- Array containing the time array series information for specific times.
ble:[double

pack- str Name by which a package references a particular time-array series. The name

age.tas.time_series_nar must be unique among all time-array series used in a package.

pack- list  (of List of interpolation methods to use for time array series. Method must be

age.tas.interpolation_m strings) either “stepwise” or “linear”.

pack- float Scale factor to multiply the time array series data column. Can only be used

age.tas.sfacrecord_sing if there is one time series data column.

The following code sets up a simulation used in the time array series examples.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np

import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®4_mf6_data"

# create the Flopy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name='"mf6", version="mf6", sim_ws=workspace
)
tdis_rc = [(1.0, 1, 1.0), (10.0, 5, 1.0), (160.0, 5, 1.0), (16.0, 1, 1.0)]
tdis_package = flopy.mf6.modflow.mftdis.ModflowTdis(
sim, time_units="DAYS", nper=4, perioddata=tdis_rc
)
# create the Flopy groundwater flow (gwf) model object
model_nam_file = f"{name/.nam"
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)

(continues on next page)
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# create the flopy iterative model solver (ims) package object
ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")
# create the discretization package
bot = np.linspace(-3.0, -50.0 / 3.0, 3)
delrow = delcol = 4.0
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
guf,
pname="dis",
nogrb=True,
nlay=3,
nrow=101,
ncol=101,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,
)
# create the initial condition (ic) and node property flow (npf) packages
ic_package = flopy.mf6.modflow.mfgwfic.ModflowGwfic(gwf, strt=50.0)
npf_package = flopy.mf6.modflow.mfgwfnpf.ModflowGwinpf (
guft,
save_flows=True,
icelltype=[1, 0, 0],
k=[5.0, 0.1, 4.0],
k33=[0.5, 0.005, 0.1],

Time Array Series Example 1

Time array series data can be passed into the timearrayseries parameter on construction of any package that supports
time array series. This example uses the timearrayseries parameter to create a time array series and then uses the
package’s tas property to finish the time array series setup.

This example uses time array series data in a RCHA package. The time array series is built as a dictionary with the times
as the keys and the recharge values as the values.

tas = {0.0: 0.000002, 200.0: 0.0000001}

The time array series data is then passed into the timearrayseries parameter when the RCHA package is constructed.

rcha = flopy.mf6.modflow.mfgwfrcha.ModflowGwfrcha(
gwf, timearrayseries=tas, recharge="TIMEARRAYSERIES rcharray_1"
)

WARNING: Time array series name rcharray_1 not found in any time series file
Time array series attributes can be set by access the time array series package object through the rcha. tas attribute.

# finish defining the time array series properties
rcha.tas.time_series_namerecord = "rcharray_1"
rcha.tas.interpolation_methodrecord = "LINEAR"

The simulation is then written to files and run.
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[9]: sim.write_simulation()
sim.run_simulation()

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims...
writing model tutorial®4_mf6_data...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package rcha_@...
writing package tas_0...
FloPy is using the following executable to run the model: ../../home/runner/.local/bin/
—modflow/mf6
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:29:50
Writing simulation list file: mfsim.lst

Using Simulation name file: mfsim.nam

ERROR REPORT:

1. Invalid model name: TUTORIALO4_MF6_DATA
2. Name length of 19 exceeds maximum length of 16

[9]: (False, [1)

[10]: # clean up for next example
gwf.remove_package("rcha")
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Time Array Series Example 2

A time array series can be added after a package is created by calling the package’s tas attribute’s initialize method.
Initialize allows you to define all time array series attributes including file name, the time array series data, name record,
and method record.

First a recharge package is built.

# create recharge package with recharge pointing to a time array series
# not yet defined. FloPy will generate a warning that there is not yet a
# time series name record for recharray._1
rcha = flopy.mf6.modflow.mfgwfrcha.ModflowGwfrcha (

gwf, recharge="TIMEARRAYSERIES rcharray_1"
)

WARNING: Time array series name rcharray_1l not found in any time series file

Then a time array series dictionary is created as done in example 1.

tas = {0.0: 0.000002, 200.0: 0.0000001}

The time array series data are added by calling the initialize method from the ‘RCHA’ package’s tas attribute. The
time array series file name, name record, and method record, along with the time series data are set in the initialize
method.

# initialize the time array series

rcha.tas.initialize(
filename="method2.tas",
tas_array-=tas,
time_series_namerecord="rcharray_1",
interpolation_methodrecord="LINEAR",

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
— TemporaryDirectory

pass

5.2.5 MODFLOW 6: Working with MODFLOW Scalar Data

This tutorial shows how to view, access, and change the underlying data variables for MODFLOW 6 objects in FloPy.
Interaction with a FloPy MODFLOW 6 model is different from other models, such as MODFLOW-2005, MT3D, and
SEAWAT, for example.

FloPy stores model data in data objects (MFDataArray, MFDataList, MFDataScalar objects) that are accessible
from packages Data can be added to a package by using the appropriate parameters when the package is constructed
and through package attributes.

The MODFLOW 6 simulation structure is arranged in the following generalized way:

Simulation --> Package --> DATA

Simulation --> Model --> Package (--> Package) --> DATA
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This tutorial focuses on MODFLOW Data that is a single integer or string, or consists of boolean flag(s). These data
are stored by FloPy in a MFScalar object and are referred to as MODFLOW scalar data.

Introduction to MODFLOW Scalar Data

MODFLOW single integer, strings, or boolean flag(s) are stored by FloPy as scalar data in MFScalar objects. The
different types of scalar data are described below.

1. Single integer values. Examples include nrow, ncol, nlay, and nper.
2. Single string values. Examples include time_units and length_units.

3. Boolean flags. These can be found in the options section of most packages. These include perched, nogrb,
print_input, and save_flows.

4. Boolean flags with an additional optional flag. These include newton under_relaxation and xt3d rhs.

In the following all four types of scalar data will be added to a model. Before adding data to your model first create a
simulation (MFSimulation) and a model (MFModel) object in FloPy.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np
import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®5_mf6_data"

# create the flopy simulation object
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace

)

# create the flopy groundwater flow (gwf) model object

model_nam_file = f"{name}.nam"

gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object

# (both pname and complexity are scalar data)

ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")
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Adding MODFLOW Single Integer and String Values

Single integer and string values can be assigned on construction of the MFScalar data object, and can be assigned or
changed after construction.

Below, a TDIS package is constructed with the time_units and nper parameters being assigned “DAYS” and “2”,
respectively.

# create the FloPy temporal discretization object
tdis = flopy.mf6.modflow.mftdis.ModflowTdis(

sim,

pname="tdis",

time_units="DAYS",

nper=2,

perioddata=[(1.0, 1, 1.0), (1.0, 1, 1.0)],
)

Next, time_units is reassigned a value after construction by using TDIS’s time_units attribute.

tdis.time_units = "MONTHS"

Setting MODFLOW Boolean Flags

Boolean flags can be assigned a True or False value. In the example below nogrb is assigned a value of True and then
changed to false.

For this example, first some values are first defined for the discretization package

nlay =
h = 50.
length
n =10
bot = np.linspace(-h / nlay, -h, nlay)
delrow = delcol = length / (n - 1)

I @ w

400.0

Below the discretization package is created. The MODFLOW nogrb option assigned a value of True, switching this
option on.

dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwf,
pname="dis",
nogrb=True,
nlay=nlay,
nrow=n,
ncol=n,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,

)

The nogrb option is then switched off by setting the DIS package’s nogrb attribute to False.

dis.nogrb = False
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Boolean flags with an additional optional flag can either be specified by:
1. Specifying the entire line as it would be displayed in the package file as a string (xt3doptions="xt3d rhs")

2. Specifying each flag name in a list (xt3doptions=["xt3d", "rhs"])

To turn off both flags use an empty string (xt3doptions=""") or an empty list (xt3doptions=[]).

First, an NPF package is created. xt3doptions can either be turned on or off, and if it is on rhs can optionally be
turned on. xt3doptions is set to the string “xt3d rhs”, turning both options on.

# create the node property flow package with xt3doptions as single
npf = flopy.mf6.modflow.mfgwinpf. ModflowGwinpf (
guf,
rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",
pname="npf",
icelltype=1,
k=1.0,
save_flows=True,
xt3doptions="xt3d rhs",
)

<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7fb836c9fb80>
<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7fb836c9fbb0>

Next, the rhs option is turned off by setting xt3doptions to the string “xt3d”.

npf.xt3doptions = "xt3d"

Finally, both xt3d and rhs are turned off by setting xt3doptions to an empty string.

npf.xt3doptions =

Retrieving MODFLOW Scalar Data

MODFLOW scalar data can be retrieved with get_data, repr/str, or get_file_entry.

Re- Description
trieval
Method

get_data Returns scalar value

repr/stt  Returns string with a header describing how data is stored (internal, external) with a string representation
of the data on the next line

get_file_e Returns string with the scalar keyword (if any) followed by a space and a string representation of the
scalar value (if any). This is the format used by the MODFLOW-6 package file. This is the format used
by the MODFLOW-6 package file.

The IMS package’s complexity option and the NPF package’s xt3doptions are printed below using the different data
retrieval methods highlighted above.

First the complexity data is printed using the get_data method.

print(ims.complexity.get_data())
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simple

The xt3doptions data can also be printed with get_data.

print (npf.xt3doptions.get_data())
[]

The complexity data is then printed with repr

print (repr(ims.complexity))

{internal}
('simple")

The xt3doptions data is printed with repr

print(str(npf.xt3doptions))

{internal}

(D

The complexity data is printed as it would appear in a MODFLOW 6 file using the get_file_entry method.

print(ims.complexity.get_file_entry())

COMPLEXITY simple

The xt3doptions data is printed as it would appear in a MODFLOW 6 file using the get_file_entry method.

print (npf.xt3doptions.get_file_entry())

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
—TemporaryDirectory

pass

5.2.6 MODFLOW 6: Working with MODFLOW List Data.

This tutorial shows how to view, access, and change the underlying data variables for MODFLOW 6 objects in FloPy.
Interaction with a FloPy MODFLOW 6 model is different from other models, such as MODFLOW-2005, MT3D, and
SEAWAT, for example.

FloPy stores model data in data objects (MFDataArray, MFDataList, MFDataScalar objects) that are accessible from
packages. Data can be added to a package by using the appropriate parameters when the package is constructed and
through package attributes.

The MODFLOW 6 simulation structure is arranged in the following generalized way:
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Simulation --> Package --> DATA
Simulation --> Model --> Package (--> Package) --> DATA

This tutorial focuses on MODFLOW Data from the PackageData, ConnectionData, StressPeriodData, and other
similar blocks. These blocks contain data with columns, data that fits into a numpy recarray, pandas data frame, or a
spreadsheet with column headers. These data are stored by FloPy in a MFList or MFTransientList object and a
referred to as MODFLOW list data.

Introduction to MODFLOW List Data

MODFLOW contains list data that can be conveniently stored in a numpy recarray or a pandas dataframe. These data
are either a single or multiple row of data, with each column containing the same data type.

Some MODFLOW list data only contains a single row, like the OC package’s head print_format option and the NPF
package’s rewet_record. Other MODFLOW list data can contain multiple rows, like the MAW package’s packagedata
and connectiondata. FloPy stores both single row and multiple row list data in MFList objects.

MODFLOW stress period data can contain lists of data for one or more stress periods. FloPy stores stress period list
data in MFTransientList objects. Note that not all MODFLOW stress period data is “list” data that fits neatly in
a recarray or a panda’s dataframe. Some packages including RCH and EVT have a READASARRAYS option that allows
stress period data to be inputted as an array. When READASARRAYS is selected FloPy stores stress period array data in
an MFTransientArray object (see tutorial 8).

Examples of using FloPy to store, update, and retrieve different types of MODFLOW list data are given below. The
examples start by first creating a simulation (MFSimulation) and a model (MFModel) object in FloPy.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np
import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®6_mf6_data"

# create the Flopy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name='"mf6", version="mf6", sim_ws=workspace

)
tdis = flopy.mf6.modflow.mftdis.ModflowTdis(
sim,
pname="tdis",
time_units="DAYS",
nper=2,
perioddata=[(1.0, 1, 1.0), (1.0, 1, 1.0)],
)

(continues on next page)
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(continued from previous page)

# create the Flopy groundwater flow (gwf) model object
model_nam_file = f"{name/.nam"
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object
ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")
# create the discretization package
bot = np.linspace(-50.0 / 3.0, -3.0, 3)
delrow = delcol = 4.0
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwf,
pname="dis",
nogrb=True,
nlay=3,
nrow=10,
ncol=10,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,

Adding MODFLOW Package Data, Connection Data, and Option Lists

MODFLOW Package data, connection data, and option lists are stored by FloPy as numpy recarrays. FloPy does accept
numpy recarrays as input, but does has other supported formats discussed below.

MODFLOW option lists that only contain a single row or data can be either specified by:

1. Specifying a string containing the entire line as it would be displayed in the package file (rewet_record="REWET
WETFCT 1.0 IWETIT 1 IHDWET 0")

2. Specifying the data in a tuple within a list (rewet_record=[ ("WETFCT", 1.0, "IWETIT", 1, "IHDWET",
0O

In the example below the npf package is created setting the rewet_record option to a string of text as would be typed
into the package file.

npf = flopy.mf6.modflow.mfgwfnpf. ModflowGwinpf(
gwi,
rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",
pname="npf",
icelltype=1,
k=1.0,
save_flows=True,
xt3doptions="xt3d rhs",
)

<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7f01df33d250>
<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7f01df33d280>

rewet_record is then set using the npf package’s rewet_record property. This time ‘rewet_record’ is defined using
a tuple within a list.
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[7]: npf.rewet_record = [("WETFCT", 1.1, "IWETIT", O, "IHDWET", 1)]

MODFLOW multirow lists, like package data and connection data, can be specified:

1. As alist of tuples where each tuple represents a row in the list (stress_period_data = [((1, 2, 3), 20.0), ((1, 7, 3),
25.0)D)

2. As a numpy recarray. Building a numpy recarray is more complicated and is beyond the scope of this guide.
In the example below the chd package is created, setting stress_period_data as a list of tuples.

We build the chd package using an array of tuples for stress_period_data stress_period_data = [(first_chd_cell, head),
(second_chd_cell, head), ...] Note that the cellid information (layer, row, column) is encapsulated in a tuple.

[8]: stress_period_data = [((l, 8, 8), 100.0), ((1, 9, 9), 105.0)]
# build chd package
chd = flopy.mf6.modflow.mfgwfchd.ModflowGwfchd (
gwi,
pname="chd",
maxbound=len(stress_period_data),
stress_period_data=stress_period_data,
save_flows=True,

Adding Stress Period List Data

MODFLOW stress period data is stored by FloPy as a dictionary of numpy recarrays, where each dictionary key is a
zero-based stress period and each dictionary value is a recarray containing the stress period data for that stress period.
FloPy keeps this stress period data in a MFTransientList object and this data type is referred to as a transient list.

FloPy accepts stress period data as a dictionary of numpy recarrays, but also supports replacing the recarrays with lists
of tuples discussed above. Stress period data spanning multiple stress periods must be specified as a dictionary of lists
where the dictionary key is the stress period expressed as a zero-based integer.

The example below creates stress_period_data for the wel package with the first stress period containing a single
well and the second stress period empty. When empty stress period data is entered FloPy writes an empty stress period
block to the package file.

First we create wel package with stress_period_data dictionary keys as zero-based integers so key “0” is stress period 1

[9]: stress_period_data = {
0: [CC2, 3, 1), -25.0)], # stress period 1 well data
1: [1,
} # stress period 2 well data is empty

Then, using the dictionary created above, we build the wel package.

[10]: wel = flopy.mf6.ModflowGwiwel (
gwt,
print_input=True,
print_flows=True,
stress_period_data=stress_period_data,
save_flows=False,
pname="WEL-1",
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Retrieving MODFLOW Package Data, Connection Data, and Option Lists

MODFLOW package data, connection data, and option lists can be retrieved with get_data, array, repr/str, or
get_file_entry.

Retrieval Description

Method

get_data Returns recarray

array Return recarray

repr/str Returns string with storage information followed by recarray’s repr/str

get_file_entr Returns string containing data formatted for the MODFLOW-6 package file. Certain zero-based num-
bers, like layer, row, column, are converted to one-based numbers.

The NPF package’s rewet_record is printed below using the different data retrieval methods highlighted above.
First we use the get_data method to get the rewet_record as a recarray.

print (npf.rewet_record.get_data())

[('WETFCT', 1.1, 'IWETIT', O, 'IHDWET', 1)]

Next we use the array method, which also returns a recarray.

print (npf.rewet_record.array)

[('WETFCT', 1.1, 'IWETIT', O, 'IHDWET', 1)]

Then we use repr to print a string representation of rewet_record.

print (repr(npf.rewet_record))

{internal}
(rec.array([('WETFCT', 1.1, 'IWETIT', O, 'IHDWET', 1)],

dtype=[('wetfct_label', '0'), ('wetfct', '<f8'), ('iwetit_label', '0'), (
~'iwetit', '<i8'), ('ihdwet_label', '0'), ('ihdwet', '<i8')1))

Using str prints a similar string representation of rewet_record.

print(str(npf.rewet_record))

{internal}
([('WETFCT', 1.1, '"IWETIT', O, 'IHDWET', 1)])

Last, using the get_file_entry method the data is printed as it would appear in a MODFLOW 6 file.

print (npf.rewet_record.get_file_entry())

REWET WETFCT 1.10000000 IWETIT O IHDWET 1
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Retrieving MODFLOW Stress Period List Data

Stress period data can be retrieved with get_data, array, repr/str, or get_file_entry.

Retrieval Description

Method

get_data Returns dictionary of recarrays

array Return single recarray for all stress periods

repr/str Returns string with storage information followed by recarray repr/str for each recarray

get_file_entry(key Returns string containing data formatted for the MODFLOW-6 package file for the stress period
specified by key

The WEL package’s stress_period_data is printed below using the different data retrieval methods highlighted
above.

First we use the get_data method to get the stress period data as a dictionary of recarrays.

print(wel.stress_period_data.get_data())
{0: rec.array([((2, 3, 1), -25.)1,
dtype=[('cellid', '0"'), ('q"', '<f8")D}
Next we use the array attribute to get the stress period data as a single recarray.

print(wel.stress_period_data.array)
[rec.array([((2, 3, 1), -25.)],
dtype=[('cellid', '0"'), ('q', '<£f8')]1), None]

repr can be used to generate a string representation of stress period data.

print(repr(wel.stress_period_data))

{0: <flopy.mf6.data.mfdataplist.PandasListStorage object at 0x7f01df041100>}

str produces a similar string representation of stress period data.

print(str(wel.stress_period_data))

{0: <flopy.mf6.data.mfdataplist.PandasListStorage object at 0x7f01df041100>}

The get_file_entry method prints the stress period data as it would appear in a MODFLOW 6 file.

print (wel.stress_period_data.get_file_entry(0))

342 -2.50000000E+01

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
—TemporaryDirectory

pass
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5.2.7 MODFLOW 6: Working with MODFLOW Grid Array Data

This tutorial shows how to view, access, and change the underlying data variables for MODFLOW 6 objects in FloPy.
Interaction with a FloPy MODFLOW 6 model is different from other models, such as MODFLOW-2005, MT3D, and
SEAWAT, for example.

FloPy stores model data in data objects (MFDataArray, MFDatalList, MFDataScalar objects) that are accessible from
packages. Data can be added to a package by using the appropriate parameters when the package is constructed and
through package attributes.

The MODFLOW 6 simulation structure is arranged in the following generalized way:

Simulation --> Package --> DATA
Simulation --> Model --> Package (--> Package) --> DATA

This tutorial focuses on MODFLOW grid array data from the GridData and other similar blocks. These blocks contain
data in a one or more dimensional array format organized by dimensions, which can include layer, row, column, and
stress period. These data are stored by FloPy in a MFArray or MFTransientArray object and a referred to as array
data.

Introduction to MODFLOW Array Data

MODFLOW array data use the MFArray or MFTransientArray FloPy classes and are stored in numpy ndarrays.
Most MODFLOW array data are two (row, column) or three (layer, row, column) dimensional and represent data on the
model grid. Other MODFLOW array data contain data by stress period. The following list summarizes the different
types of MODFLOW array data.

¢ Time-invariant multi-dimensional array data. This includes:

1. One and two dimensional arrays that do not have a layer dimension. Examples include top, delc, and
delr.

2. Three dimensional arrays that can contain a layer dimension. Examples include botm, idomain, and k.

* Transient arrays that can change with time and therefore contain arrays of data for one or more stress periods.
Examples include irch and recharge in the RCHA package.

In the example below a three dimensional ndarray is constructed for the DIS package’s botm array. First, the a simulation
and groundwater-flow model are set up.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np
import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®7_mf6_data"
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# create the FloPy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace

)
tdis = flopy.mf6.modflow.mftdis.ModflowTdis(
sim,
pname="tdis",
time_units="DAYS",
nper=2,
perioddata=[(1.0, 1, 1.0), (1.0, 1, 1.0)],
)

# create the Flopy groundwater flow (gwf) model object

model_nam_file = f"{name/.nam"

gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object

ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")

Then a three-dimensional ndarray of floating point values is created using numpy’s 1inspace method.

bot = np.linspace(-50.0 / 3.0, -3.0, 3)
delrow = delcol = 4.0

The DIS package is then created passing the three-dimensional array to the botm parameter. The botm array defines
the model’s cell bottom elevations.

dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwi,
pname="dis",
nogrb=True,
nlay=3,
nrow=10,
ncol=10,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,

Adding MODFLOW Grid Array Data

MODFLOW grid array data, like the data found in the NPF package’s GridData block, can be specified as:
1. A constant value
2. A n-dimensional list
3. A numpy ndarray

Additionally, layered grid data (generally arrays with a layer dimension) can be specified by layer.

In the example below icelltype is specified as constants by layer, k is specified as a numpy ndarray, k22 is specified
as an array by layer, and k33 is specified as a constant.

First k is set up as a 3 layer, by 10 row, by 10 column array with all values set to 10.0 using numpy’s full method.
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k = np.full((3, 10, 10), 10.0)

Next k22 is set up as a three dimensional list of nested lists. This option can be useful for those that are familiar with
python lists but are not familiar with the numpy library.

k22_row = []

for row in range(0, 10):
k22_row.append(8.0)

k22_layer = []

for col in range(0, 10):
k22_layer.append(k22_row)

k22 = [k22_layer, k22_layer, k22_layer]

K33 is set up as a single constant value. Whenever an array has all the same values the easiest and most efficient way
to set it up is as a constant value. Constant values also take less space to store.

k33 = 1.0

The k, k22, and k33 values defined above are then passed in on construction of the npf package.

npf = flopy.mf6.ModflowGwinpf(
guf,
pname="npf",
save_flows=True,
icelltype=[1, 1, 17,
k=k,
k22=k22,
k33=k33,
xt3doptions="xt3d rhs",
rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",
)

<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7£5198b2b790>
<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7£5198b2b7c0>

Layered Data

When we look at what will be written to the npf input file, we see that the entire npf.k22 array is written as one long
array with the number of values equal to nlay * nrow * ncol. And this whole-array specification may be of use in
some cases. Often times, however, it is easier to work with each layer separately. An MFArray object, such as npf.k22
can be converted to a layered array as follows.

npf.k22.make_layered()

By changing npf.k22 to layered, we are then able to manage each layer separately. Before doing so, however, we need
to pass in data that can be separated into three layers. An array of the correct size is one option.

shp = npf.k22.array.shape
a = np.arange(shp[0] * shp[1] * shp[2]).reshape(shp)
npf.k22.set_data(a)

Now that npf. k22 has been set to be layered, if we print information about it, we see that each layer is stored separately,
however, npf.k22.array will still return a full three-dimensional array.
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[14]: print(type(npf.k22))
print (npf.k22)

<class 'flopy.mf6.data.mfdataarray.MFArray'>

Layer_l{internal}

([L® 1 2 3 4 5 6 7 8 9]

[16 11 12 13 14 15 16 17 18 19]
[20 21 22 23 24 25 26 27 28 29]
[30 31 32 33 34 35 36 37 38 39]
[40 41 42 43 44 45 46 47 48 49]
[50 51 52 53 54 55 56 57 58 59]
[60 61 62 63 64 65 66 67 68 69]
[70 71 72 73 74 75 76 77 78 79]
[80 81 82 83 84 85 86 87 88 89]
[90 91 92 93 94 95 96 97 98 99]11)

Layer_2{internal}

([[160 101 102 103 104 165 106 107 108 109]
[116 111 112 113 114 115 116 117 118 119]
[120 121 122 123 124 125 126 127 128 129]
[130 131 132 133 134 135 136 137 138 139]
[140 141 142 143 144 145 146 147 148 149]
[150 151 152 153 154 155 156 157 158 159]
[160 161 162 163 164 165 166 167 168 169]
[170 171 172 173 174 175 176 177 178 179]
[180 181 182 183 184 185 186 187 188 189]
[190 191 192 193 194 195 196 197 198 199]1]1)

Layer_3{internal}

([[200 201 202 203 204 205 206 207 208 209]
[210 211 212 213 214 215 216 217 218 219]
[220 221 222 223 224 225 226 227 228 229]
[230 231 232 233 234 235 236 237 238 239]
[240 241 242 243 244 245 246 247 248 249]
[250 251 252 253 254 255 256 257 258 259]
[260 261 262 263 264 265 266 267 268 269]
[270 271 272 273 274 275 276 277 278 279]
[280 281 282 283 284 285 286 287 288 289]
[290 291 292 293 294 295 296 297 298 299]1])

We also see that each layer is printed separately to the npf Package input file, and that the LAYERED keyword is
activated:

[15]: print(npf.k22.get_file_entry())

k22 LAYERED
INTERNAL FACTOR 1.0

0.00000000 1.00000000 2.00000000 3.00000000 4.
—00000000 5.00000000 6.00000000 7.00000000 8.00000000 9.
— 00000000

10.00000000 11.00000000 12.00000000 13.00000000 14.
—00000000 15.00000000 16.00000000 17.00000000 18.00000000 19.
—00000000

20.00000000 21.00000000 22.00000000 23.00000000 24,
— 00000000 25.00000000 26.00000000 27.00000000 28.00000000 29.

(continues on next page)

76 Chapter 5. Tutorials



FloPy Documentation, Release 3.5.0

—00000000

30.

— 00000000
— 00000000

40.

—00000000
— 00000000

50.

— 00000000
00000000

60.

—00000000
— 00000000

70.

—00000000
—00000000

80.

— 00000000
— 00000000

90.

— 00000000
— 00000000
INTERNAL

100.

— 00000000
00000000

110.

—00000000
— 00000000

120.

—00000000
—00000000

130.

— 00000000
— 00000000

140.

—00000000
—00000000

150.

— 00000000
— 00000000

160.

—00000000
—00000000

170.

— 00000000
—00000000

180.

—00000000
— 00000000

190.

— 00000000

00000000
35.00000000

31.

00000000
45.00000000

41.

00000000
55.00000000

51.

00000000
65.00000000

61.

00000000
75.00000000

71.

00000000
85.00000000

81.

00000000
95.00000000

91.

FACTOR 1.0
00000000 101.
105.00000000

00000000 111.
115.00000000

00000000 121.
125.00000000

00000000 131.
135.00000000

00000000 141.
145.00000000

00000000 151.
155.00000000

00000000 161.
165.00000000

00000000 171.
175.00000000

00000000 181.
185.00000000

00000000 191.
195.00000000

00000000
36.00000000

32

00000000
46.00000000

42

00000000
56.00000000

52

00000000
66.00000000

62

00000000
76.00000000

72

00000000
86.00000000

82

00000000
96.00000000

92

00000000 102
106.00000000

00000000 112
116.00000000

00000000 122
126.00000000

00000000 132
136.00000000

00000000 142
146.00000000

00000000 152
156.00000000

00000000 162
166.00000000

00000000 172
176.00000000

00000000 182
186.00000000

00000000 192
196.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

37.00000000

47.00000000

57.00000000

67.00000000

77 .00000000

87.00000000

97.00000000

107.00000000

117.00000000

127.00000000

137.00000000

147.00000000

157.00000000

167.00000000

177.00000000

187.00000000

197.00000000

33.

43.

53.

63.

73.

83.

93.

103.

113.

123.

133.

143.

153.

163.

173.

183.

193.

(continued from previous page)

00000000
38.00000000

00000000
48.00000000

00000000
58.00000000

00000000
68.00000000

00000000
78.00000000

00000000
88.00000000

00000000

98.00000000

00000000

108.00000000

00000000
118.00000000

00000000
128.00000000

00000000
138.00000000

00000000
148.00000000

00000000
158.00000000

00000000
168.00000000

00000000
178.00000000

00000000
188.00000000

00000000
198.00000000

34.

44.

54.

64.

74.

84.

94.

104.

114.

124.

134.

144,

154.

164.

174.

184.

194.

39.

49.

59.

69.

79.

89.

99.

109.

119.

129.

139.

149.

159.

169.

179.

189.

199.

(continues on next page)
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—00000000
INTERNAL
200.
— 00000000
—00000000
210.
— 00000000
— 00000000
220.
—00000000
—00000000
230.
— 00000000
— 00000000
240.
—00000000
—00000000
250.
— 00000000
— 00000000
260.
—00000000
—00000000
270.
— 00000000
—00000000
280.
—00000000
— 00000000
290.
—00000000
—00000000

0

0

0

0

0

0

0

0

0

0

FACTOR 1.0
0000000 201.
205.00000000

0000000 211.
215.00000000

0000000 221.
225.00000000

0000000 231.
235.00000000

0000000 241.
245.00000000

0000000 251.
255.00000000

0000000 261.
265.00000000

0000000 271.
275.00000000

0000000 281.
285.00000000

0000000 291.
295.00000000

00000000 202.
206.00000000

00000000 212.
216.00000000

00000000 222.
226.00000000

00000000 232.
236.00000000

00000000 242,
246.00000000

00000000 252.
256.00000000

00000000 262.
266.00000000

00000000 272.
276.00000000

00000000 282.
286.00000000

00000000 292.
296.00000000

00000000
207.00000000

00000000
217.00000000

00000000
227 .00000000

00000000
237.00000000

00000000
247.00000000

00000000
257.00000000

00000000
267.00000000

00000000
277.00000000

00000000
287.00000000

00000000
297.00000000

203.

213.

223.

233.

243.

253.

263.

273.

283.

293.

(continued from previous page)

00000000 204.
208.00000000 209.
00000000 214.
218.00000000 219.
00000000 224.
228.00000000 229.
00000000 234.
238.00000000 239.
00000000 244,
248.00000000 249.
00000000 254.
258.00000000 259.
00000000 264.
268.00000000 269.
00000000 274.
278.00000000 279.
00000000 284.
288.00000000 289.
00000000 294.
298.00000000 299.

Working with a layered array provides lots of flexibility. For example, constants can be set for some layers, but arrays

for others:

npf.k22.set_data([1l, a[2], 200])
print(npf.k22.get_file_entry())

k22 LAYERED
CONSTANT
INTERNAL
200.0
— 00000000
— 00000000
210.0
—00000000
—00000000
220.0
— 00000000
— 00000000
230.0

1.00000000
FACTOR 1.0
0000000 201.

205.00000000

0000000 211.
215.00000000

0000000 221.
225.00000000

0000000 231.

00000000 202.
206.00000000

00000000 212.
216.00000000

00000000 222.
226.00000000

00000000 232.

00000000
207.00000000

00000000
217.00000000

00000000
227.00000000

00000000

203.

213.

223.

233.

00000000 204.
208.00000000 209.
00000000 214.
218.00000000 219.
00000000 224.
228.00000000 229.
00000000 234.

(continues on next page)
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—00000000

— 00000000
240

— 00000000

— 00000000
250

— 00000000

— 00000000
260

00000000

— 00000000
270

— 00000000

— 00000000
280

— 00000000

—00000000
290

— 00000000

— 00000000
CONSTANT

235.00000000

.00000000 241.
245.00000000

.00000000 251.
255.00000000

.00000000 261.
265.00000000

.00000000 271.
275.00000000

.00000000 281.
285.00000000

.00000000 291.
295.00000000

200.00000000

236.00000000

00000000 242
246.00000000

00000000 252
256.00000000

00000000 262
266.00000000

00000000 272
276.00000000

00000000 282
286.00000000

00000000 292
296.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

.00000000

237.00000000

247 .00000000

257.00000000

267.00000000

277.00000000

287.00000000

297.00000000

243.

253.

263.

273.

283.

293.

(continued from previous page)

238.00000000

00000000 244.
248.00000000

00000000 254,
258.00000000

00000000 264.
268.00000000

00000000 274.
278.00000000

00000000 284.
288.00000000

00000000 294.
298.00000000

To gain full control over an individual layers, layer information can be provided as a dictionary:

a0 = {"factor": 0.5, "iprn": 1, "data": 100 *
al = 50
a2 = {"factor": 1.0, "iprn": 14, "data": 30 *
npf.k22.set_data([a®, al, a2])
print (npf.k22.get_file_entry())
k22 LAYERED
INTERNAL FACTOR 0.5 IPRN 1

100.00000000 100.00000000 100.
— 00000000 100.00000000 100.00000000
— 00000000

100.00000000 100.00000000 100.
00000000 100.00000000 100.00000000
— 00000000

100.00000000 100.00000000 100.
— 00000000 100.00000000 100.00000000
00000000

100.00000000 100.00000000 100.
00000000 100.00000000 100.00000000
— 00000000

100.00000000 100.00000000 100.
— 00000000 100.00000000 100.00000000
00000000

100.00000000 100.00000000 100.
— 00000000 100.00000000 100.00000000
— 00000000

100.00000000 100.00000000 100.
00000000 100.00000000 100.00000000

np.ones((10,

np.ones((10, 10))}

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

10))3}

100.

100.

100.

100.

100.

100.

100.

00000000 100.
100.00000000

00000000 100.
100.00000000

00000000 100.
100.00000000

00000000 100.
100.00000000

00000000 100.
100.00000000

00000000 100.
100.00000000

00000000 100.
100.00000000

239.

249.

259.

269.

279.

289.

299.

100.

100.

100.

100.

100.

100.

100.

(continues on next page)
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—00000000

100.

— 00000000
— 00000000

100.

—00000000
— 00000000

100.

— 00000000

— 00000000
CONSTANT
INTERNAL

30.

— 00000000
—00000000

30.

—00000000
— 00000000

30.

— 00000000
— 00000000

30.

—00000000
— 00000000

30.

—00000000
—00000000

30.

— 00000000
— 00000000

30.

—00000000
—00000000

30.

— 00000000
— 00000000

30.

—00000000
—00000000

30.

— 00000000
00000000

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

50.00000000
FACTOR 1.0 IPRN 14
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.
30.00000000 30.00000000
00000000 30.00000000 30.

30.00000000

100.

100.

100.

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

30.00000000

100.

100.

100.

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

100.

100.

100.

30.

30.

30.

30.

30.

30.

30.

30.

30.

30.

(continued from previous page)

00000000
100.00000000

00000000
100.00000000

00000000
100.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

00000000
30.00000000

100.

100.

100.

30.

30.

30.

30.

30.

30.

30.

30.

30.

30.

100.

100.

100.

30.

30.

30.

30.

30.

30.

30.

30.

30.

30.

Here we say that the FACTOR has been set to 0.5 for the first layer and an alternative print flag is set for the last layer.

Because we are specifying a factor for the top layer, we can also see that the get_data() method returns the array
without the factor applied

print (npf.k22.get_data())

[[[100.
[100.

100.
100.

100.
100.

100.
100.

100.
100.

100.
100.

100.
100.

100.
100.

100.
100.

100.]
100.]

(continues on next page)
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(continued from previous page)

[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]
[100. 100. 100. 100. 100. 100. 100. 100. 100. 100.]]
[[ 50. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[ 56. 50. 50. 50. 50. 50. 50. 50. 50. 50.]]
[[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 306. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[ 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]]1]

whereas the array property returns the array with the factor applied

[19]: print(npf.k22.array)

[[[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.

[N R Ty S T T Y [y Ny S |

[[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.

S Ty S Y Ty N S |
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(continued from previous page)

[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.]
[50. 50. 50. 50. 50. 50. 50. 50. 50. 50.1]

[[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]
[30. 30. 30. 30. 30. 30. 30. 30. 30. 30.]1]

Adding MODFLOW Stress Period Array Data
Transient array data spanning multiple stress periods must be specified as a dictionary of arrays, where the dictionary
key is the stress period, expressed as a zero-based integer, and the dictionary value is the grid data for that stress period.

In the following example a RCHA package is created. First a dictionary is created that contains recharge for the model’s
two stress periods. Recharge is specified as a constant value in this example, though it could also be specified as a
3-dimensional ndarray or list of lists.

rch_spl = 0.01
rch_sp2 = 0.03
rch_spd = {0: rch_spl, 1: rch_sp2}

The RCHA package is created and the dictionary constructed above is passed in as the recharge parameter.
rch = flopy.mf6.ModflowGwfrcha(

gwf, readasarrays=True, pname="rch", print_input=True, recharge=rch_spd
)

Retrieving Grid Array Data

Grid data can be retrieved with get_data, array, [], repr/str, or get_file_entry.

Retrieval Description

Method

get_data Returns ndarray of data without multiplier applied, unless the apply_mult parameter is set to True
array Returns ndarray of data with multiplier applied

[] Returns a particular layer of data if data is layered, otherwise is an array index

repr/str Returns string with storage information followed by ndarray repr/str

get_file_entry( Returns string containing data formatted for the MODFLOW-6 package file. If layer is not specified
returns all layers, otherwise returns just the layer specified.

Below the NPF k array is retrieved using the various methods highlighted above.

First, we use the get_data method to get k as an ndarray.
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[22]: print(npf.k.get_data(Q))

CCL10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

[[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

[[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

Next, we use the array attribute which also gets k as an ndarray.

[23]: print(npf.k.array)

[[[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

[[10.
[10.
[10.
[10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.

N Ty S S [y ST N ST N |

I Ty S Y ST N ST S |
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[10.
[10.
[10.
[10.
[10.
[10.

[[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

—_ e

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

[N Ty S Y ST Y Y ST S S |

1]

We can also use the [] to get a single layer of data as an ndarray.

[24]: print(npf.k[0])

[25]:

(continued from previous page)

[[16. 10. 10. 10. 10. 10. 10. 10. 10. 10.]
[16. 10. 10. 16. 10. 10. 10. 10. 10. 10.]
[16. 10. 10. 16. 10. 10. 10. 10. 10. 10.]
[10. 10. 10. 10. 10. 10. 10. 10. 10. 10.]
[10. 10. 10. 10. 10. 10. 10. 10. 10. 10.]
[10. 10. 10. 160. 10. 10. 10. 10. 10. 10.]
[16. 10. 10. 16. 10. 10. 10. 10. 10. 10.]
[16. 10. 10. 16. 10. 10. 10. 10. 10. 10.]
[16. 10. 10. 16. 10. 10. 10. 10. 10. 10.]
[10. 10. 10. 10. 10. 10. 10. 10. 10. 10.]1]
repr gives a string representation of the data.
print (repr(npf.k))
Layer_l{internal}
(array([[10., 10., 10., 10., 10., 10., 10., 10., 10., 10.],
[10., 10., 10., 10., 10., 10., 10., 10., 16., 16.],
[10., 10., 10., 10., 10., 10., 10., 10., 16., 160.],
[10., 10., 10., 10., 10., 10., 10., 10., 10., 10.],
[16., 10., 10., 10., 10., 10., 160., 10., 10., 10.],
[16., 10., 10., 10., 10., 10., 10., 10., 10., 10.],
[16., 10., 10., 10., 10., 10., 10., 10., 10., 10.],
[10., 10., 10., 10., 10., 10., 10., 10., 160., 160.],
[10., 10., 10., 10., 10., 10., 10., 10., 16., 160.],
[10., 10., 10., 10., 10., 10., 10., 10., 160., 10.11))
Layer_2{internal}
(array([[16., 10., 10., 10., 10., 10., 10., 10., 10., 10.],
[10., 10., 10., 10., 10., 10., 10., 10., 10., 160.],
[10., 10., 10., 10., 10., 10., 10., 10., 10., 160.],
[10., 10., 10., 10., 10., 10., 10., 10., 16., 10.],
(continues on next page)
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[10.
[10.
[10.
[10.
[10.

[10

10.
10.
10.
10.
10.
10.

Layer_3{internal}
(array([[10., 10.

[10
[10

[10.
[10.
[10.
[10.
[10.
[10.
[10.

10.
10.
10.
10.
10.
10.
10.
10.
10.

10.,
10.,
10.,
10.,
10.,
10.,

10.
19.,
10.,
10.,
10.,
10.,
10.,
10.,
10.,
10.,

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.

, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,
, 10., 10.,

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

str gives a similar string representation of the data.

print(str(npf.k))

Layer_1l{internal}

(C[16.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

([[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.
[10.

([[10.
[10.
[10.
[10.
[10.
[10.
[10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
Layer_2{internal}

10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
Layer_3{internal}

10.

10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.

, 10.
, 10.
, 10.
, 10.
, 10.
, 10.

, 10.
, 10.
, 10.
, 10.
, 10.
, 10.
, 10.
, 10.
, 10.

10.1

10.
10.
10.
10.
10.
10.
10.
10.
10.

—_
(=)
—

e e e e e ) ) e e .

10.
10.
10.
10.
10.
10.
10.
10.
10.

—_
(=]
—

e et b e ) L .

10.
10.
10.
10.
10.
10.

[ oy Ty Ny Y N N N W |

10.
10.
10.
10.
10.
10.

., 10.

10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.

(continued from previous page)
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11
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10.
10.
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10.
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1,
1,
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1,
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]’
1,
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[10.
[10.
[10.

10.
10.
10.

10.
10.
10.

The method get_

10.
10.
10.

10.
10.
10.

10.
10.
10.

10.
10.
10.

[27]: print(npf.k.get_file_entry())

10.
10.
10.

10.
10.
10.

10.1]
10.]
10.1D

(continued from previous page)

file_entry prints the data as it would appear in a MODFLOW 6 file.

k LAYERED
INTERNAL FACTOR 1.0

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

INTERNAL FACTOR 1.0

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.

(continues on next page)
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—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

INTERNAL FACTOR 1.0

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000

10.00000000 10.00000000 10.00000000 10.00000000 10.
—00000000 10.00000000 10.00000000 10.00000000 10.00000000 10.
— 00000000
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Retrieving MODFLOW Stress Period Array Data

Transient array data can be retrieved with get_data, array, repr/str, or get_file_entry.

Retrieval Description

Method

get_data Returns dictionary of ndarrays without multiplier applied. The dictionary key is the stress period
as a zero-based integer.

array Returns ndarray of data for all stress periods (stress period is an added dimension)

repr/str Returns string with storage information followed by ndarray repr/str for all stress periods

get_file_entry(la; Returns string containing data formatted for the MODFLOW-6 package file. Use to specify a
stress period (zero-based integer).

Below the RCHA recharge array is retrieved using the various methods highlighted above.

First, we use the get_data method to get the recharge data as a dictionary of ndarrays. The dictionary key is a the
stress period (zero based).

print (rch.recharge.get_data())

{0: array([[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01],
[0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.011]), 1: array([[0.03,.
—0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],

[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03],
[0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03]])}

Next, we use the array attribute to get the data as an 4-dimensional ndarray.

print(rch.recharge.array)

[[[[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]
[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]

(continues on next page)
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[0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01]]]

[[[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]
[0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03]1]1]

repr gives a string representation of the data.

print (repr(rch.recharge))

{constant 0.03}

str gives a similar representation of the data.

print(str(rch.recharge))

{constant 0.03}

We can use the get_file_entry method to get the data as it would appear in a MODFLOW 6 file for a specific stress
period. In this case we are getting the data for stress period 2 (stress periods are treated as 0-based in FloPy).

print (rch.recharge.get_file_entry(1))

recharge
CONSTANT 0.03000000

try:

temp_dir.cleanup()
except PermissionError:

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
—TemporaryDirectory

pass
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5.2.8 MODFLOW 6: Data Storage Information and Performance Optimization

This tutorial shows the different options for storing MODFLOW data in FloPy. Interaction with a FloPy MODFLOW
6 model is different from other models, such as MODFLOW-2005, MT3D, and SEAWAT, for example.

FloPy stores model data in data objects (MFDataArray, MFDataList, MFDataScalar objects) that are accessible from
packages. Data can be added to a package by using the appropriate parameters when the package is constructed and
through package attributes.

The MODFLOW 6 simulation structure is arranged in the following generalized way:

Simulation --> Package --> DATA
Simulation --> Model --> Package (--> Package) --> DATA

This tutorial focuses on the different storage options for MODFLOW data and how to optimize data storage read/write
speed.

Introduction to Data Storage Information

MODFLOW array and list data can either be stored internally or externally in text or binary files. Additionally array
data can have a factor applied to them and can have a format flag/code to define how these data will be formatted. This
data storage information is specified within a python dictionary. The python dictionary must contain a “data” key where
the data is stored and supports several other keys that determine how and where the data is stored.

The following code sets up a basic simulation with a groundwater flow model. for the example below.

# package import

import os

from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np
import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®8_mf6_data"

# create the FloPy simulation and tdis objects
sim = flopy.mf6.MFSimulation(
sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace

)
tdis = flopy.mf6.modflow.mftdis.ModflowTdis(
sim,
pname="tdis",
time_units="DAYS",
nper=2,
perioddata=[(1.0, 1, 1.0), (1.0, 1, 1.0)],
)

# create the Flopy groundwater flow (gwf) model object

(continues on next page)
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model_nam_file = f"{name/.nam"
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, model_nam_file=model_nam_file)
# create the flopy iterative model solver (ims) package object
ims = flopy.mf6.modflow.mfims.ModflowIms(sim, pname="ims", complexity="SIMPLE")
# create the discretization package
bot = np.linspace(-50.0 / 3.0, -3.0, 3)
delrow = delcol = 4.0
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwt,
pname="dis",
nogrb=True,
nlay=3,
nrow=10,
ncol=10,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,

Setting up a Data Storage Information Dictionary

To store data externally add a £ilename key to the dictionary whose value is the file where you want to store the data.
Add a binary key with value True to make the file a binary file. Add a prn key whose value is a format code to set
the format code for the data. For array data add a factor key whose value is a positive floating point number to add a
factor/multiplier for the array.

Below a dictionary is created that defines how a k33 array will be stored. The dictionary specifies that the k33 array
be stored in the binary file k33.txt with a factor of 1.0 applied to the array and a print code of 1. The k33 array data is
constructed as a numpy array.

k33_values = np.full((3, 10, 10), 1.1)
k33 = {

"filename": "k33.txt",

"factor": 1.0,

"data": k33_values,

"iprn": 1,

"binary": "True",

}

The NPF package is then created with the k33 array in an external binary file. This binary file is created when the
simulation method write_simulation is called

npf = flopy.mf6.ModflowGwfnpf(
gwi,
pname="npf",
save_flows=True,
icelltype=[1, 1, 1],
k=10.0,
k22=5.0,
k33=k33,
xt3doptions="xt3d rhs",
(continues on next page)
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rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",

)

(continued from previous page)

<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7fd996dfd2b0>
<flopy.mf6.data.mfstructure.MFDataltemStructure object at 0x7fd996dfd2e®>

External files can be set for specific layers of data. If we want to store the bottom elevations for the third model layer

to an external file, then the dictionary that we pass in for the third layer can be given a “filename” key.

10)),

a0 = {"factor": 0.5, "iprn": 1,
al = -100
a2 = {
"filename": "dis.botm.3.txt",
"factor": 2.0,
"iprn": 1,
"data": -100 * np.ones((10,
}

A list containing data for the three specified layers is then passed in to the botm object’s set_record method.

dis.botm.set_record([a®, al, a2])
print(dis.botm.get_file_entry())

botm LAYERED

"data": np.ones((10,

10))}

INTERNAL FACTOR 0.5 IPRN 1

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.
— 00000000 1.00000000 1.00000000 1.00000000 1.00000000
— 00000000

1.00000000 1.00000000 1.00000000 1.00000000 1.

(continues on next page)
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—00000000
— 00000000
CONSTANT

1.00000000

-100.00000000
OPEN/CLOSE 'dis.botm.3.txt'

1.00000000

1.00000000

FACTOR 2.0 IPRN 1

(continued from previous page)

1.00000000 1.

The botm data and its attributes (filename, binary, factor, iprn) can be retrieved as a dictionary of dictionaries using

get_record.

botm_record = dis.botm.get_record()
print("botm layer 1 record:")

print (botm_record[0])

print ("\nbotm layer 2 record:'")

print (botm_record[1])
print("\nbotm layer 3
print (botm_record[2])

botm layer 1 record:

{'factor': 0.5, 'iprn':

1.,
1.,
(1.,
[1.,
(1.,
1.,
(1.,
1.,
[1.,

1.,

T T T | G T Y
[ G T T VA W T G

T T O T T G S Ty

botm layer 2 record:

{'factor': 1.0, 'iprn':

—100., -100., -100.,
-100.17,
[-160., -100.,
-100.17,
[-100., -100.,
-100.1,
[-100., -100.,
-100.17,
[-160., -100.,
-100.1],
[-100., -100.,
-100.1,
[-160., -100.,
-100.17,
[-160., -100.,
-100.1,
[-100., -100.,
-100.17,
[-160., -100.,
-100.1D}

[

—

botm layer 3 record:

record:")

1, 'data': array([[1l., 1.
, 1., 1., 1., 1., 1., 1.1,
, 1., 1., 1., 1., 1., 1.7,
, 1., 1., 1., 1., 1., 1.7,
, 1., 1., 1., 1., 1., 1.7,
, 1., 1., 1., 1., 1., 1.7,
, 1., 1., 1., 1., 1., 1.1,
, 1., 1., 1., 1., 1., 1.1,
, 1., 1., 1., 1., 1., 1.7,
, 1., 1., 1., 1., 1., 1.1}

None, 'data':
-100., -100., -100., -100.,
-100., -100., -100., -100.,
-100., -100., -100., -1600.,
-100., -100., -100., -100.,
-100., -100., -100., -100.,
-100., -100., -100., -100.,
-100., -100., -100., -100.,
-100., -100., -100., -100.,
-100., -100., -100., -100.,

-100.

-100.

-100.

-100.

-100

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

-100.

array([[-100., -100., -100., -100., -100., -100., -

(continues on next page)

5.2. MODFLOW 6

93



[11]:

[12]:

[13]:

FloPy Documentation, Release 3.5.0

(continued from previous page)

{'filename': 'dis.botm.3.txt', 'binary': False, 'factor': 2.0, 'iprn': 1, 'data':.
—array([[-100., -100., -100., -100., -100., -100., -100., -100., -100.,

-100.1],

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.17,

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.1],

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.1,

[-1600., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.7,

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.1],

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.17,

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.17,

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.1],

[-100., -100., -100., -100., -100., -100., -100., -100., -100.,
-100.11)}

The botm record retrieved can be modified and then saved with set_record. For example, the array data’s “factor” can
be modified and saved.

botm_record[0]["factor"] = 0.6
dis.botm.set_record(botm_record)

The updated value can then be retrieved.

botm_record = dis.botm.get_record()
print(f"botm layer 1 factor: botm_record[0]['factor']}™)

botm layer 1 factor: 0.6

The get_record and set_record methods can also be used with list data to get and set the data and its “filename” and
“binary” attributes. This is demonstrated with the wel package. First, a wel package is constructed.

welspdict = {
0: {"filename": "well_spl.txt", "data": [[(®, O, 0), 0.25]]1},
1: [[C0, O, 0, 0.1]1],

}

wel = flopy.mf6.ModflowGwfwel (
gwf,
print_input=True,
print_flows=True,
stress_period_data=welspdict,
save_flows=False,

)

The wel stress period data and associated “filename” and “binary” attributes can be retrieved with get_record.
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[14]: spd_record = wel.stress_period_data.get_record()
print("Stress period 1 record:")
print(spd_record[0])
print ("\nStress period 2 record:")
print(spd_record[1])

Stress period 1 record:
{'filename': 'well_spl.txt', 'binary': False, 'data': rec.array([((®, 0, 0), 0.25)],
dtype=[('cellid', '0'), ('q', '<f8')1)}

Stress period 2 record:
{'data': rec.array([((0, 0, 0), 0.1)],
dtype=[('cellid', '0"), ('q', '<£f8')]1), 'binary': False}

The wel data and associated attributes can be changed by modifying the record and then saving it with the set_record
method.

[15]: spd_record[0]["filename"] = "well_package_spl.txt"
spd_record[0] ["binary"] = True
spd_record[1]["filename"] = "well_package_sp2.bin"
wel.stress_period_data.set_record(spd_record)

The changes can be verified by calling get_record again.

[16]: spd_record = wel.stress_period_data.get_record()

print(f"New filename for stress period 1: spd_record[0]['filename']}")
print(f"New binary flag for stress period 1: spd_record[0] [ 'binary']}")
print(f"New filename for stress period 2: spd_record[1]['filename']}")

New filename for stress period 1: well_package_spl.txt
New binary flag for stress period 1: True
New filename for stress period 2: well_package_sp2.bin

Optimizing FloPy Performance

By default FloPy will perform a number of verification checks on your data when FloPy loads or saves that data. For
large datasets turning these verification checks off can significantly improve FloPy’s performance. Additionally, storing
files externally can help minimize the amount of data FloPy reads/writes when loading and saving a simulation. The
following steps will help you optimize FloPy’s performance for large datasets.

1) Turn off FloPy verification checks and FloPy’s option to automatically update “maxbound”. This can be turned
off on an existing simulation by either individually turning off each of these settings.

[17]: sim.simulation_data.auto_set_sizes = False
sim.simulation_data.verify_data = False
sim.write_simulation()

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims...
writing model tutorial®8_mf6_data...
writing model name file...
writing package dis...

(continues on next page)
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writing package npf...
writing package wel_0...

or by setting lazy_io to True.

sim.simulation_data.lazy_io = True
sim.write_simulation()

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims...
writing model tutorial®8_mf6_data...
writing model name file...
writing package dis...
writing package npf...
writing package wel_0...

These options can also be turned off when loading an existing simulation or creating a new simulation by setting lazy_io
to True.

sim2 = flopy.mf6.MFSimulation.load(
sim_ws=workspace,
lazy_io=True,

)

loading simulation...
loading simulation name file...
loading tdis package...
loading model gwfé...
loading package dis...
loading package npf...
loading package wel...
loading solution package tutorial®8_mf6_data...

sim3 = flopy.mf6.MFSimulation(lazy_io=True)

2) Whenever possible save large datasets to external binary files. Binary files are more compact and the data will
be read and written significantly faster. See MODFLOW-6 documentation for which packages and data support
binary files.

# store all well period data in external binary files
spd_record[0] ["binary"] = True
spd_record[1]["binary"] True
wel.stress_period_data.set_record(spd_record)

3) For datasets that do not support binary files, save them to external text files. When loading a simulation, FloPy
will always parse MODFLOW-6 package files, but will not parse external text files when auto_set_sizes and verify
data are both set to False. Additionally, if write_simulation is later called, external files will not be re-written
unless either the data or the file path has changed.

# store lak period data in external text files
period = {

(continues on next page)
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0: {"filename": "lak_spl.txt", "data": [(®, "STAGE",
1: {"filename": "lak_sp2.txt", "data": [(®, "STAGE",

}
lakpd = [(0, -2.0, 1]

lakecn = [(0, O, (0, 1, 0), "HORIZONTAL", 1.0, -5.0, 0.0,

lak = flopy.mf6.ModflowGwflak(
guf,
pname="1ak-1",
nlakes=1,
noutlets=0,
ntables=0,
packagedata=lakpd,
connectiondata=lakecn,
perioddata=period,

try:
temp_dir.cleanup()
except PermissionError:

(continued from previous page)

10.0)11,
15.0)1},

10.0, 10.0)]

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.

— TemporaryDirectory
pass

5.2.9 MODFLOW 6: Multiple Models - How to create multiple models in a simulation

This tutorial shows a simulation using two models, demonstrating how to use exchanges and exchange subpackages.

Introduction to Multiple Models

MODFLOW-6 simulations can contain multiple models, which can be linked through the groundwater exchange pack-

age, which can contain mover and ghost node correction subpackages.

The following code sets up a basic simulation.

# package import
from pathlib import Path
from tempfile import TemporaryDirectory

import flopy

# set up where simulation workspace will be stored
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

name = "tutorial®9_mf6_data"

# create the FloPy simulation and tdis objects
sim = flopy.mf6.MFSimulation(

sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace

)

(continues on next page)
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tdis = flopy.mf6.modflow.mftdis.ModflowTdis(
sim,
pname="tdis",
time_units="DAYS",
nper=2,
perioddata=[(1.0, 1, 1.0), (1.0, 1, 1.0)],

Groundwater Flow Model Setup

We will start by setting up two groundwater flow models that are part of the same simulation.

# set up first groundwater flow model
name_1 = "ex_1_mod_1"
model_nam_file = f"{name_1}.nam"
gwf = flopy.mf6.ModflowGwf(
sim, modelname=name_1, model_nam_file=model_nam_file
)
# create the discretization package
bot = [-10.0, -50.0, -200.0]
delrow = delcol = 4.0
nlay = 3
nrow = 10
ncol = 10
dis = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
gwf,
pname="dis-1",
nogrb=True,
nlay=nlay,
Nrow=nrow,
ncol=ncol,
delr=delrow,
delc=delcol,
top=0.0,
botm=bot,
)
# create npf package
npf = flopy.mf6.ModflowGwinpf(
guf,
pname="npf-1",
save_flows=True,
icelltype=[1, 1, 17,
k=10.0,
k33=5.0,
xt3doptions="xt3d rhs",
# rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",
)

# create ic package

ic_package = flopy.mf6.modflow.mfgwfic.ModflowGwfic(gwf, strt=0.0)

(continued from previous page)
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# create ghb package
ghb_spd = {0: [((0, O, 0), -1.0, 1000.0)]}
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (
gwt,
print_input=True,
print_flows=True,
pname="ghb-1",
maxbound=1,
stress_period_data=ghb_spd,

# create wel package
welspd = {0: [((®, 5, ncol - 1), -100.0)]1}
wel = flopy.mf6.ModflowGwiwel (
gwf,
print_input=True,
print_flows=True,
mover=True,
stress_period_data=welspd,
save_flows=False,
pname="WEL-1",

# set up second groundwater flow model with a finer grid

name_1 = "ex_1_mod_2"

model_nam_file = f"{name_1}.nam"

gwf_2 = flopy.mf6.ModflowGwf(
sim, modelname=name_1, model_nam_file=model_nam_file

)

# create the flopy iterative model solver (ims) package object

# by default flopy will register both models with the ims package.

ims = flopy.mf6.modflow.mfims.ModflowIms (
sim, pname="ims", complexity="SIMPLE", linear_acceleration="BICGSTAB"

)

# no need to create a new ims package.

# create the discretization package

bot = [-10.0, -50.0, -200.0]

dis_2 = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
guwf_2,
pname="dis-2",
nogrb=True,
nlay=nlay,
nrow=nrow * 2
ncol=ncol * 2
delr=delrow /
delc=delcol /
top=0.0,
botm=bot,

flopy will automatically register

2.0,
2.0

)
# create npf package

npf_2 = flopy.mf6.ModflowGwfnpf(
gwf_2,

(continues on next page)
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pname="npf-2",
save_flows=True,
icelltype=[1, 1, 17,
k=10.0,
k33=5.0,
xt3doptions="xt3d rhs",
# rewet_record="REWET WETFCT 1.0 IWETIT 1 IHDWET 0",
)
# create ic package
ic_package_2 = flopy.mf6.modflow.mfgwfic.ModflowGwfic(gwf_2, strt=0.0)

# create ghb package
ghb_spd = {0: [((®, O, 19), -10.0, 1000.0)]1}
ghb_2 = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (
guwf_2,
print_input=True,
print_flows=True,
pname="ghb-2",
maxbound=1,
stress_period_data=ghb_spd,

# create lak package

lakpd = [(0, -2.0, 1]

lakecn = [(®, O, (0, 5, ®), "HORIZONTAL", 1.0, -5.0, 0.0, 10.0, 10.0)]

lak_2 = flopy.mf6.ModflowGwflak
guwf_2,
pname="1ak-2",
print_input=True,
mover=True,
nlakes=1,
noutlets=0,
ntables=0,
packagedata=lakpd,
connectiondata=lakecn,

Connecting the Flow Models

The two groundwater flow models created above are now part of the same simulation, but they are not connected. To
connect them we will use the gwfgwf package and two of its subpackages, gnc and mvr.

Use exchangedata to define how the two models are connected. In this example we are connecting the right edge of
the first model to the left edge of the second model. The second model is 2x the discretization, so each cell in the first
model is connected to two cells in the second model.

gwfgwf _data = []
row_2 = 0
for row in range(0®, nrow):
gwfgwf_data.append([(®, ncol - 1, row), (0, O, row_2), 1, 2.03, 1.01, 2.0])
row_2 += 1
(continues on next page)
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gwfgwf_data.append([(®, ncol - 1, row), (0, O, row_2), 1, 2.03, 1.01, 2.0])
row_2 += 1

[12]: # create the gwfgwf package
gwfgwf = flopy.mf6.ModflowGwfgwf(

sim,
exgtype="GWF6-GWF6",
nexg=len(gwfgwf_data),
exgmnamea=gwf.name,
exgmnameb=gwf_2.name,
exchangedata=gwfgwf_data,
filename="mod1l_mod2.gwfgwf",

Due to the two model’s different cell sizes, the cell centers of the first model do not align with the cell centers in the
second model. To correct for this we will use the ghost node correction package (gnc).

[13]: gnc_data = []
col_ 2 =0
weight_close = 1.0 / 1.25
weight_far = 0.25 / 1.25
for col in range(0®, ncol):

if col ==
gnc_data.append(
(
(©, nrow - 1, col),
@, 0, col_2),
(0, nrow - 1, col),
(0, nrow - 1, 0),
1.00,
0.0,
)
)
else:
gnc_data.append(
(
(®, nrow - 1, col),
@, 0, col_2),
(0, nrow - 1, col),
(®, nrow - 1, col - 1),
weight_close,
weight_far,
)
)
col_2 +=1
if col == ncol - 1:
gnc_data.append(
(

@, nrow - 1, col),
@, 0, col_2),

(0, nrow - 1, col),
@, nrow - 1, 0),

(continues on next page)
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©, nrow - 1, col + 1),

1.00,
0.0,
)
)
else:
gnc_data.append(
(
(©, nrow - 1, col),
@, 0, col_2),
(0, nrow - 1, col),
weight_close,
weight_far,
)
)
col_2 +=1

# set up gnc package

fname = "gwfgwf.input.gnc"

gwfgwf.gnc.initialize(
filename=fname,
print_input=True,
print_flows=True,
numgnc=ncol * 2,
numalphaj=2,
gncdata=gnc_data,

(continued from previous page)

The extraction well at the right-hand side of the first model is pumping the water it extracts into a nearby lake at the
left-hand side of the second model. Using the mover (mvr) package, water extracted from the first model’s wel package

is moved to the second model’s lak package.

package_data = [(gwf.name, "WEL-1"),

(gwf_2.name, "lak-2")]

period_data = [(gwf.name, "WEL-1", 0, gwf_2.name, "lak-2", 0, "FACTOR", 1.0)]

fname = "gwfgwf.input.mvr"

gwfgwf.mvr.initialize(
filename=fname,
modelnames=True,
print_input=True,
print_flows=True,
maxpackages=2,
maxmvr=1,
packages=package_data,
perioddata=period_data,

sim.write_simulation()
sim.run_simulation()

writing simulation...

writing simulation name file...
writing simulation tdis package...

(continues on next page)
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writing solution package ims...
writing package modl_mod2.gwfgwf...
writing package gwfgwf.input.gnc...
writing package gwfgwf.input.mvr...
writing model ex_1_mod_1...
writing model name file...
writing package dis-1...
writing package npf-1...
writing package ic...
writing package ghb-1...
writing package wel-1...
INFORMATION: maxbound in ('gwf6', 'wel', 'dimensions') changed to 1 based on size of.
—stress_period_data
writing model ex_1_mod_2...
writing model name file...
writing package dis-2...
writing package npf-2...
writing package ic...
writing package ghb-2...
writing package lak-2...
FloPy is using the following executable to run the model: ../../home/runner/.local/bin/
—modflow/mf6
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:15

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1

(continues on next page)
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:15

Elapsed run time: 0.131 Seconds

Normal termination of simulation.

(True, [1

try:
temp_dir.cleanup()
except PermissionError:

(continued from previous page)

# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.

—TemporaryDirectory
pass

5.2.10 Observations, time series and time array series

This code sets up a simulation and creates some data for the simulation.

import os
import sys
from tempfile import TemporaryDirectory

import numpy as np

try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(£fpth)
import flopy

# init paths
exe_name = "mf6"

# temporary directory
temp_dir = TemporaryDirectory()
sim_path = os.path.join(temp_dir.name, "obs_ts_tas_ex")
# make the directory if it does not exist
if not os.path.isdir(sim_path):
os.makedirs(sim_path, exist_ok=True)

# init paths
test_ex_name = "child_pkgs_test"
model_name = "child_pkgs"

print(sys.version)
print (f"numpy version: {np.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

(continues on next page)
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numpy version: 1.24.4
flopy version: 3.5.0

# create simulation
sim = flopy.mf6.MFSimulation(
sim_name=test_ex_name, version="mf6", exe_name="mf6", sim_ws=sim_path

)

tdis_rc = [(1.0, 1, 1.0), (10.0, 120, 1.0), (10.0, 120, 1.0), (10.0, 120, 1.0)]
tdis_package = flopy.mf6.modflow.mftdis.ModflowTdis(
sim, time_units="DAYS", nper=4, perioddata=tdis_rc
)
model = flopy.mf6.ModflowGwf(
sim, modelname-model_name, model_nam_file=f"{model_name}.nam"
)
ims_package = flopy.mf6.modflow.mfims.ModflowIms (
sim,
print_option="SUMMARY",
complexity="SIMPLE",
outer_hclose=0.0001,
outer_maximum=500,
under_relaxation="NONE",
inner_maximum=100,
inner_hclose=0.0001,
rcloserecord=0.001,
linear_acceleration="CG",
scaling_method="NONE",
reordering_method="NONE",
relaxation_factor=0.97,
)
sim.register_ims_package(ims_package, [model.name])
bot_data = [-100 for x in range(150)]
dis_package = flopy.mf6.modflow.mfgwfdis.ModflowGwfdis(
model,
nlay=3,
nrow=15,
ncol=10,
delr=500.0,
delc=500.0,
top=50.0,
botm=[5.0, -10.0, {"factor": 1.0, "data": bot_data}],
filename=f"{model_name}.dis",
)
ic_package = flopy.mf6.modflow.mfgwfic.ModflowGwfic(
model, strt=50.0, filename=f"{model_name/.ic"
)
npf_package = flopy.mf6.modflow.mfgwfnpf.ModflowGwinpf(
model,
save_flows=True,
icelltype=[1, 0, 0],
k=[5.0, 0.1, 4.0],
k33=[0.5, 0.005, 0.1],

(continues on next page)
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)
oc_package = flopy.mf6.modflow.mfgwfoc.ModflowGwfoc
model,
budget_filerecord="child_pkgs.chc",
head_filerecord="child_pkgs.hds",
headprintrecord=["COLUMNS", 10, "WIDTH", 15, "DIGITS", 6, "GENERAL"],
saverecord=[("HEAD", "ALL"), ("BUDGET", "ALL")],
printrecord=[ ("HEAD", "FIRST"), ("HEAD", "LAST"), ("BUDGET", "LAST")],
)
sto_package = flopy.mf6.modflow.mfgwfsto.ModflowGwfsto(
model,
save_flows=True,
iconvert=1,
ss=0.000001,
sy=0.2,
steady_state={0: True},
transient={1: True},
)

Observations

Observations can be set for any package through the package.obs object, and each package.obs object has several
attributes that can be set:

package.obs.filename : str Name of observations file to create. The default is packagename + ‘.obs’, e.g. my-
model.ghb.obs.

package.obs.continuous : dict A dictionary that has file names as keys and a list of observations as the dictionary values.
Default should probably be None. package.obs.observations = { ‘fnamel’: [(obsname, obstype, cellid), ...], ‘fname2’:
[(obsname, obstype, cellid), ...]}

package.obs.digits : int Number of digits to write the observation values. Default is 10.

package.obs.print_input : bool Flag indicating whether or not observations are written to listing file.

Method 1: Pass obs to package constructor

# build ghb stress period data
ghb_spd = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(0®, 15):
ghb_period.append(((layer, row, 9), 1.0, cond, "Estuary-L2"))
ghb_spd[0] = ghb_period

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

(continues on next page)
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"ghb_flows.csv":

[

("Estuary2", "GHB",
("Estuary3", "GHB", "Estuary-L3"),

] ’
¥

# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (

model,

print_input=True,
print_flows=True,

save_flows=True,
boundnames=True,

observations=ghb_obs,
pname="ghb",
maxbound=30,
stress_period_data=ghb_spd,

)

ghb.obs.print_input = True

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)

if success:

for line in buff:
print(line)

else:

"Estuary-L2"),

raise ValueError("Failed to run.")

# clean up for next example
model . remove_package(''ghb")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...

model name file...

writing
writing
writing
writing
writing
writing
writing
writing

package
package
package
package
package
package
package

dis...
ic...
npf...
oc...
sto...
ghb. ..
obs_0...

MODFLOW 6

(continued from previous page)

U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL

VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0

Build 20220726_000000

This software has been approved for release by the U.S. Geological

(continues on next page)
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Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:17

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
Solving: Stress period: 2 Time step: 5
Solving: Stress period: 2 Time step: 6
Solving: Stress period: 2 Time step: 7
Solving: Stress period: 2 Time step: 8
Solving: Stress period: 2 Time step: 9
Solving: Stress period: 2 Time step: 10
Solving: Stress period: 2 Time step: 11
Solving: Stress period: 2 Time step: 12
Solving: Stress period: 2 Time step: 13
Solving: Stress period: 2 Time step: 14
Solving: Stress period: 2 Time step: 15
Solving: Stress period: 2 Time step: 16
Solving: Stress period: 2 Time step: 17
Solving: Stress period: 2 Time step: 18
Solving: Stress period: 2 Time step: 19
Solving: Stress period: 2 Time step: 20
Solving: Stress period: 2 Time step: 21
Solving: Stress period: 2 Time step: 22
Solving: Stress period: 2 Time step: 23
Solving: Stress period: 2 Time step: 24
Solving: Stress period: 2 Time step: 25
Solving: Stress period: 2 Time step: 26
Solving: Stress period: 2 Time step: 27
Solving: Stress period: 2 Time step: 28
Solving: Stress period: 2 Time step: 29
Solving: Stress period: 2 Time step: 30
Solving: Stress period: 2 Time step: 31
Solving: Stress period: 2 Time step: 32
Solving: Stress period: 2 Time step: 33

(continues on next page)
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18
Elapsed run time:

WARNING REPORT:

0.259 Seconds

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
SETTING OUTER_DVCLOSE TO OUTER_HCLOSE

WAS DEPRECATED IN VERSION 6.1.1.

VALUE.

2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS

DEPRECATED IN VERSION 6.1.1.

Normal termination of simulation.

Method 2: Initialize obs through ghb.obs.initialize

# build ghb stress period data
ghb_spd = {}

ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):

for row in range(®, 15):

ghb_period.append(((layer, row, 9), 1.0, cond,
ghb_spd[0] = ghb_period

# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (

model,

print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
maxbound=30,

stress_period_data=ghb_spd,

pname="ghb",

SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.

"Estuary-L2"))

(continues on next page)
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# build obs data

ghb_

}

obs = {

("ghb_obs.csv", "binary"): [
("ghb—2—6—1®", ”GHB", (1’ 5’ 9))’
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv":

[

("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB",

1,

# initialize obs package
ghb.obs.initialize(
filename="child_pkgs_test.ghb.obs",
digits=9,
print_input=True,

continuous=ghb_obs,

)

sim.write_simulation()

success, buff = sim.run_simulation(silent=True, report=True)

if success:
for line in buff:
print(line)

else:
raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("ghb")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...

model name file...

writing
writing
writing
writing
writing
writing
writing
writing

package
package
package
package
package
package
package

U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL

dis...
ic...
npf...
oc...
sto...
ghb...
obs_0...

"Estuary-L3"),

MODFLOW 6

VERSION 6.4.2 06/28/2023

(continued from previous page)

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0

Build 20220726_000000

(continues on next page)
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(continued from previous page)

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
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Solving: Stress period: 2 Time step: 27
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Solving: Stress period: 2 Time step: 29
Solving: Stress period: 2 Time step: 30
Solving: Stress period: 2 Time step: 31
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Solving: Stress period: 2 Time step: 32
Solving: Stress period: 2 Time step: 33
Solving: Stress period: 2 Time step: 34
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Solving: Stress period: 2 Time step: 70
Solving: Stress period: 2 Time step: 71
Solving: Stress period: 2 Time step: 72
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L Al L R e e

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18
Elapsed run time: 0.259 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Method 3: Pass observations a dictionary of anything that could be passed to ghb.obs.initialize

# build ghb stress period data
ghb_spd = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
ghb_period.append(((layer, row, 9), 1.0, cond, "Estuary-L2"))
ghb_spd[0] = ghb_period

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv": [

("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),

(continues on next page)
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1,
}

# append additional obs attributes to obs dictionary

ghb_obs["digits"] = 7
ghb_obs["print_input"] = False
ghb_obs["filename"] = "method_3.obs"

# build ghb
ghb_package
model,

package

= flopy.mf6.modflow.mfgwfghb.ModflowGwighb (

print_input=True,
print_flows=True,

save_flows=True,
boundnames=True,

observations=ghb_obs,
pname="ghb",
maxbound=30,
stress_period_data=ghb_spd,

)

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)

if success:

for line in buff:
print(line)

else:

raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("ghb")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...

model name file...

writing
writing
writing
writing
writing
writing
writing
writing

package
package
package
package
package
package
package

dis..
ic...

npf...

ocC...

sto...

ghb. .
obs_0

MODFLOW 6

(continued from previous page)

U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL

VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0

Build 20220726_000000

(continues on next page)
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This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18
Elapsed run time: 0.251 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Time Series

Time series can be set for any package through the package.ts object, and each package.ts object has several attributes
that can be set:

package.ts.filename : str Name of time series file to create. The default is packagename + °.ts’, e.g. mymodel.ghb.ts.

package.ts.timeseries : recarray Array containing the time series information. timeseries = [(t, np.sin(t)) for t in
np.linspace(0, 100., 10)]

package.ts.time_series_namerecord : str or list (of strings) List of names of the time series data columns. Default is to
use names from timeseries.dtype.names[1:].

package.ts.interpolation_methodrecord_single : str Interpolation method. Must be only one time series record. If there
are multiple time series records, then the methods attribute must be used. Default is ‘linear’.

package.ts.interpolation_methodrecord : list (of strings) List of interpolation methods to use for each time series data
column. Method must be either ‘stepwise’, ‘linear’, or ‘linearend’.

package.ts.sfacrecord_single : float Scale factor to multiply the time series data column. Can only be used if there is
one time series data column.

package.ts.sfacrecord : list (of floats) Scale factors to multiply the time series data columns.
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Method 1: Pass time series to package constructor

[6]: # build ghb stress period data
ghb_spd_ts = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

# build ts data
ts_data = []
for n in range(0, 365):
ts_data.append((float(n / 11.73), float(n / 60.0)))

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv": [

("Estuary2", "GHB", "Estuary-L2"),

("Estuary3", "GHB", "Estuary-L3"),

1,

}

# build ghb package

ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwfghb (
model,

print_input=True,

print_flows=True,

save_flows=True,

boundnames=True,

timeseries=ts_data,

pname="ghb",

maxbound=30,

stress_period_data=ghb_spd_ts,

)

# set required time series attributes
ghb.ts.time_series_namerecord = "tides"
ghb.ts.interpolation_methodrecord = "stepwise"

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("ghb")
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WARNING: Unable to resolve dimension of ('ts', 'timeseries',6 'timeseries',
—.based on shape "time_series_names".
WARNING: Unable to resolve dimension of ('ts', 'timeseries', 'timeseries',
—.based on shape "time_series_names".
WARNING: Unable to resolve dimension of ('ts', 'timeseries', 'timeseries',

—based on shape "time_series_names".
writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...

writing
writing
writing
writing
writing
writing
writing
writing

model na
package

package i

package
package
package
package
package

U.S.

me file...
dis...

sto...
ghb...
ts_0...
MODFLOW 6
GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

"ts_array').
"ts_array').

'ts_array').

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0

Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:18

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:19
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1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
(continues on next page)
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2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Method 2: Initialize time series through ghb.ts.initialize

[7]1: # build ghb stress period data
ghb_spd_ts {3
ghb_period []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

# build ts data
ts_data = []
for n in range(0, 365):
ts_data.append((float(n / 11.73), float(n / 60.0)))

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

"ghb_flows.csv": [

("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),
1,
}
# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwfghb (
model,

print_input=True,

print_flows=True,

save_flows=True,

boundnames=True,

pname="ghb",

maxbound=30,

stress_period_data=ghb_spd_ts,

)
# initialize time series
ghb.ts.initialize(

filename="method2.ts",

timeseries=ts_data,

time_series_namerecord="tides",
interpolation_methodrecord="1inearend",
sfacrecord=1.1,

(continues on next page)
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sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("ghb")

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',

- 'sfacval') based on shape "time_series_name".
writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package oc...
writing package sto...
writing package ghb...
writing package ts_0...

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
MODFLOW 6

U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

(continues on next page)
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Run start date and time (yyyy/mm/dd hh:mm:

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam
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Solving: Stress period: 2 Time step: 47
Solving: Stress period: 2 Time step: 48
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Solving: Stress period: 4 Time step: 119
Solving: Stress period: 4 Time step: 120

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:19
Elapsed run time: 0.443 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Method 3: Pass timeseries a dictionary of anything that could be passed to ghb.ts.initialize

[8]: # build ghb stress period data
ghb_spd_ts = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(0®, 15):
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

# build ts data
ts_data = []
for n in range(0, 365):
ts_data.append((float(n / 11.73), float(n / 60.0)))

ts_dict = {
"timeseries": ts_data,
"time_series_namerecord": "tides",
"interpolation_methodrecord": "linear",
"filename": "method3.ts",

}

# build obs data

ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),
1,
"ghb_flows.csv": [
("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),
1,
}
# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwfghb (
model,
(continues on next page)
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print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
pname="ghb",
timeseries=ts_dict,
maxbound=30,
stress_period_data=ghb_spd_ts,
)

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.'")

# clean up for next example
model . remove_package("ghb")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package oc...
writing package sto...
writing package ghb...
writing package ts_0...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water

(continues on next page)
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Resources Software User Rights Notice for complete use, copyright,

and distribution information.

(continued from previous page)

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:19

Writing simulation list file: mfsim.lst

Using Simulation name file: mfsim.nam
Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
Solving: Stress period: 2 Time step: 5
Solving: Stress period: 2 Time step: 6
Solving: Stress period: 2 Time step: 7
Solving: Stress period: 2 Time step: 8
Solving: Stress period: 2 Time step: 9
Solving: Stress period: 2 Time step: 10
Solving: Stress period: 2 Time step: 11
Solving: Stress period: 2 Time step: 12
Solving: Stress period: 2 Time step: 13
Solving: Stress period: 2 Time step: 14
Solving: Stress period: 2 Time step: 15
Solving: Stress period: 2 Time step: 16
Solving: Stress period: 2 Time step: 17
Solving: Stress period: 2 Time step: 18
Solving: Stress period: 2 Time step: 19
Solving: Stress period: 2 Time step: 20
Solving: Stress period: 2 Time step: 21
Solving: Stress period: 2 Time step: 22
Solving: Stress period: 2 Time step: 23
Solving: Stress period: 2 Time step: 24
Solving: Stress period: 2 Time step: 25
Solving: Stress period: 2 Time step: 26
Solving: Stress period: 2 Time step: 27
Solving: Stress period: 2 Time step: 28
Solving: Stress period: 2 Time step: 29
Solving: Stress period: 2 Time step: 30
Solving: Stress period: 2 Time step: 31
Solving: Stress period: 2 Time step: 32
Solving: Stress period: 2 Time step: 33
Solving: Stress period: 2 Time step: 34
Solving: Stress period: 2 Time step: 35
Solving: Stress period: 2 Time step: 36
Solving: Stress period: 2 Time step: 37
Solving: Stress period: 2 Time step: 38
Solving: Stress period: 2 Time step: 39
Solving: Stress period: 2 Time step: 40
Solving: Stress period: 2 Time step: 41
Solving: Stress period: 2 Time step: 42

(continues on next page)
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Time step: 115
Time step: 116
Time step: 117
Time step: 118
Time step: 119
Time step: 120

Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:

Lo A

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:20
Elapsed run time: 0.386 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Multiple time series packages

# build ghb stress period data
ghb_spd_ts = {}
ghb_period = []
for layer, cond in zip(range(l, 3), [15.0, 1500.0]):
for row in range(®, 15):
if row < 10:
ghb_period.append(((layer, row, 9), "tides", cond, "Estuary-L2"))
else:
ghb_period.append(((layer, row, 9), "wl", cond, "Estuary-L2"))
ghb_spd_ts[0] = ghb_period

# build ts data
ts_data = []
for n in range(®, 365):
ts_data.append((float(n / 11.73), float(n / 60.0)))
ts_data2 = []
for n in range(®, 365):
ts_data2.append((float(®.0 + (n / 11.73)), 2 * float(n / 60.0)))
ts_data3 = []
for n in range(®, 365):
ts_data3.append((float(0.0 + (n / 11.73)), 1.5 * float(n / 60.0)))

# build obs data
ghb_obs = {

("ghb_obs.csv", "binary"): [
("ghb-2-6-10", "GHB", (1, 5, 9)),
("ghb-3-6-10", "GHB", (2, 5, 9)),

1,

(continues on next page)
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"ghb_flows.csv": [
("Estuary2", "GHB", "Estuary-L2"),
("Estuary3", "GHB", "Estuary-L3"),
1,
3
# build ghb package
ghb = flopy.mf6.modflow.mfgwfghb.ModflowGwighb (
model,
print_input=True,
print_flows=True,
save_flows=True,
boundnames=True,
pname="ghb",
maxbound=30,
stress_period_data=ghb_spd_ts,

# initialize time series

ghb.ts.initialize(
filename="tides.ts",
timeseries=ts_data,
time_series_namerecord="tides",
interpolation_methodrecord="1inearend",
sfacrecord=1.1,

)

# append additional time series

ghb. ts.append_package(
filename="wls.ts",
timeseries=ts_data2,
time_series_namerecord="wl",
interpolation_methodrecord="stepwise",
sfacrecord=1.2,

)

# append additional time series

ghb. ts.append_package(
filename="wls2.ts",
timeseries=ts_data3,
time_series_namerecord="wl2",
interpolation_methodrecord="stepwise",
sfacrecord=1.3,

)
# retreive information from each time series
print(
" is using interpolation". format(
ghb.ts[0].filename,
ghb.ts[0].interpolation_methodrecord.get_data()[0][0],
)
)
print(

is using interpolation". format(
ghb.ts[1].filename,

(continues on next page)
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ghb.ts[1].interpolation_methodrecord.get_data()[0][0],

interpolation". format(

ghb.ts[2].interpolation_methodrecord.get_data() [0][0],

)
)
print(
" is using
ghb.ts[2].filename,
)
)

sim.write_simulatio

success, buff = sim.run_simulation(silent=True, report=True)

if success:

n(Q)

for line in buff:

print(line)
else:
raise ValueErro

WARNING: Unable to
—'"sfacval') based
WARNING: Unable to
—'sfacval') based
WARNING: Unable to
—'sfacval') based
WARNING: Unable to
- 'sfacval') based
WARNING: Unable to
- '"sfacval') based
WARNING: Unable to
—"sfacval') based
tides.ts is using 1
wls.ts is using ste
wls2.ts is using st
writing simulation.

writing simulatio

writing simulatio

writing solution

writing model chi

r("Failed to run.")

resolve dimension of ('ts',

on shape "time_series_name".

resolve dimension of ('ts',

on shape "time_series_name".

resolve dimension of ('ts',

on shape "time_series_name".

resolve dimension of ('ts',

on shape "time_series_name".

resolve dimension of ('ts',

on shape "time_series_name".

resolve dimension of ('ts',

on shape "time_series_name".

inearend interpolation
pwise interpolation
epwise interpolation
n name file...

n tdis package...
package ims_-1...
1d_pkgs...

writing model name file...

writing
writing
writing
writing
writing

package

package
package
package
writing package
writing package
WARNING: Unable to

< 'sfacval') based on shape "time_series_name".

writing package
WARNING: Unable to

- 'sfacval') based on shape "time_series_name".

writing package

package i

dis...

sto...
ghb. ..
ts_0...
resolve dimension of ('ts',

ts_1...
resolve dimension of ('ts',

ts_2...

'attributes’',
'attributes’',
'attributes’,
'attributes’',
'attributes',

'attributes’',

'attributes'

'attributes’',

'sfacrecord_single',
'sfacrecord_single',
'sfacrecord_single',
'sfacrecord_single',
'sfacrecord_single',

'sfacrecord_single',

'sfacrecord_single',

'sfacrecord_single',

(continues on next page)
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WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
< 'sfacval') based on shape "time_series_name".
MODFLOW 6

U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:20

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
Solving: Stress period: 2 Time step: 5
Solving: Stress period: 2 Time step: 6
Solving: Stress period: 2 Time step: 7
Solving: Stress period: 2 Time step: 8
Solving: Stress period: 2 Time step: 9
Solving: Stress period: 2 Time step: 10
Solving: Stress period: 2 Time step: 11
Solving: Stress period: 2 Time step: 12
Solving: Stress period: 2 Time step: 13
Solving: Stress period: 2 Time step: 14
Solving: Stress period: 2 Time step: 15
Solving: Stress period: 2 Time step: 16
Solving: Stress period: 2 Time step: 17
Solving: Stress period: 2 Time step: 18
Solving: Stress period: 2 Time step: 19
Solving: Stress period: 2 Time step: 20
Solving: Stress period: 2 Time step: 21
Solving: Stress period: 2 Time step: 22
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Solving: Stress period: 4 Time step: 78
Solving: Stress period: 4 Time step: 79
Solving: Stress period: 4 Time step: 80
Solving: Stress period: 4 Time step: 81
Solving: Stress period: 4 Time step: 82
Solving: Stress period: 4 Time step: 83
Solving: Stress period: 4 Time step: 84
Solving: Stress period: 4 Time step: 85
Solving: Stress period: 4 Time step: 86
Solving: Stress period: 4 Time step: 87
Solving: Stress period: 4 Time step: 88
Solving: Stress period: 4 Time step: 89
Solving: Stress period: 4 Time step: 90
Solving: Stress period: 4 Time step: 91
Solving: Stress period: 4 Time step: 92
Solving: Stress period: 4 Time step: 93
Solving: Stress period: 4 Time step: 94
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Solving: Stress period: Time step: 95
Solving: Stress period: Time step: 96
Solving: Stress period: Time step: 97
Solving: Stress period: Time step: 98
Solving: Stress period: Time step: 99

Time step: 100
Time step: 101
Time step: 102
Time step: 103
Time step: 104
Time step: 105
Time step: 106
Time step: 107
Time step: 108
Time step: 109
Time step: 110
Time step: 111
Time step: 112
Time step: 113
Time step: 114
Time step: 115
Time step: 116
Time step: 117
Time step: 118
Time step: 119
Time step: 120

Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:

L I T T S L e e

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:20
Elapsed run time: 0.427 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Time Array Series

Time array series can be set for any package through the package.tas object, and each package.tas object has several
attributes that can be set:

package.tas.filename : str Name of time series file to create. The default is packagename + ‘.tas’, e.g. mymodel.rcha.tas.

package.tas.tas_array : {double:[double]} Array containing the time array series information for specific times.
tas_array = {0.0: 0.0001, 200.0: [0.01, 0.02...]}

package.tas.time_series_namerecord : str Name by which a package references a particular time-array series. The name
must be unique among all time-array series used in a package
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package.tas.interpolation_methodrecord : list (of strings) List of interpolation methods to use for time array series.
Method must be either ‘stepwise’ or ‘linear’.

package.tas.sfacrecord_single : float Scale factor to multiply the time array series data column. Can only be used if
there is one time series data column.

Method 1: Pass time array series to package constructor

tas = {0.0: 0.000002, 200.0: 0.0000001}
# create recharge package with time array series data
# flopy will generate a warning that there is not yet a time series name
# record for recharray_1
rcha = flopy.mf6.modflow.mfgwfrcha.ModflowGwfrcha(

model, timearrayseries=tas, recharge="TIMEARRAYSERIES rcharray_1"
)
# finish defining the time array series properties
rcha.tas.time_series_namerecord = "rcharray_ 1"
rcha.tas.interpolation_methodrecord = "LINEAR"

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)
else:
raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("'rcha")

WARNING: Time array series name rcharray_l not found in any time series file
writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package oc...
writing package sto...
writing package ghb...
writing package ts_0...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
writing package ts_1...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
—.'sfacval') based on shape "time_series_name".
writing package ts_2...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
—'sfacval') based on shape "time_series_name".
writing package rcha_@...

(continues on next page)
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writing package tas_0...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:20

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
Solving: Stress period: 2 Time step: 5
Solving: Stress period: 2 Time step: 6
Solving: Stress period: 2 Time step: 7
Solving: Stress period: 2 Time step: 8
Solving: Stress period: 2 Time step: 9
Solving: Stress period: 2 Time step: 10
Solving: Stress period: 2 Time step: 11
Solving: Stress period: 2 Time step: 12
Solving: Stress period: 2 Time step: 13
Solving: Stress period: 2 Time step: 14
Solving: Stress period: 2 Time step: 15
Solving: Stress period: 2 Time step: 16
Solving: Stress period: 2 Time step: 17
Solving: Stress period: 2 Time step: 18
Solving: Stress period: 2 Time step: 19
Solving: Stress period: 2 Time step: 20
Solving: Stress period: 2 Time step: 21
Solving: Stress period: 2 Time step: 22
Solving: Stress period: 2 Time step: 23

(continues on next page)
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Solving: Stress period: 2 Time step: 24
Solving: Stress period: 2 Time step: 25
Solving: Stress period: 2 Time step: 26
Solving: Stress period: 2 Time step: 27
Solving: Stress period: 2 Time step: 28
Solving: Stress period: 2 Time step: 29
Solving: Stress period: 2 Time step: 30
Solving: Stress period: 2 Time step: 31
Solving: Stress period: 2 Time step: 32
Solving: Stress period: 2 Time step: 33
Solving: Stress period: 2 Time step: 34
Solving: Stress period: 2 Time step: 35
Solving: Stress period: 2 Time step: 36
Solving: Stress period: 2 Time step: 37
Solving: Stress period: 2 Time step: 38
Solving: Stress period: 2 Time step: 39
Solving: Stress period: 2 Time step: 40
Solving: Stress period: 2 Time step: 41
Solving: Stress period: 2 Time step: 42
Solving: Stress period: 2 Time step: 43
Solving: Stress period: 2 Time step: 44
Solving: Stress period: 2 Time step: 45
Solving: Stress period: 2 Time step: 46
Solving: Stress period: 2 Time step: 47
Solving: Stress period: 2 Time step: 48
Solving: Stress period: 2 Time step: 49
Solving: Stress period: 2 Time step: 50
Solving: Stress period: 2 Time step: 51
Solving: Stress period: 2 Time step: 52
Solving: Stress period: 2 Time step: 53
Solving: Stress period: 2 Time step: 54
Solving: Stress period: 2 Time step: 55
Solving: Stress period: 2 Time step: 56
Solving: Stress period: 2 Time step: 57
Solving: Stress period: 2 Time step: 58
Solving: Stress period: 2 Time step: 59
Solving: Stress period: 2 Time step: 60
Solving: Stress period: 2 Time step: 61
Solving: Stress period: 2 Time step: 62
Solving: Stress period: 2 Time step: 63
Solving: Stress period: 2 Time step: 64
Solving: Stress period: 2 Time step: 65
Solving: Stress period: 2 Time step: 66
Solving: Stress period: 2 Time step: 67
Solving: Stress period: 2 Time step: 68
Solving: Stress period: 2 Time step: 69
Solving: Stress period: 2 Time step: 70
Solving: Stress period: 2 Time step: 71
Solving: Stress period: 2 Time step: 72
Solving: Stress period: 2 Time step: 73
Solving: Stress period: 2 Time step: 74
Solving: Stress period: 2 Time step: 75
(continues on next page)
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Solving: Stress period: 3 Time step: 112
Solving: Stress period: 3 Time step: 113
Solving: Stress period: 3 Time step: 114
Solving: Stress period: 3 Time step: 115
Solving: Stress period: 3 Time step: 116
Solving: Stress period: 3 Time step: 117
Solving: Stress period: 3 Time step: 118
Solving: Stress period: 3 Time step: 119
Solving: Stress period: 3 Time step: 120
Solving: Stress period: 4 Time step: 1
Solving: Stress period: 4 Time step: 2
Solving: Stress period: 4 Time step: 3
Solving: Stress period: 4 Time step: 4
Solving: Stress period: 4 Time step: 5
Solving: Stress period: 4 Time step: 6
Solving: Stress period: 4 Time step: 7
Solving: Stress period: 4 Time step: 8
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Solving: Stress period: 4 Time step: 11
Solving: Stress period: 4 Time step: 12
Solving: Stress period: 4 Time step: 13
Solving: Stress period: 4 Time step: 14
Solving: Stress period: 4 Time step: 15
Solving: Stress period: 4 Time step: 16
Solving: Stress period: 4 Time step: 17
Solving: Stress period: 4 Time step: 18
Solving: Stress period: 4 Time step: 19
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Solving: Stress period: 4 Time step: 41
Solving: Stress period: 4 Time step: 42
Solving: Stress period: 4 Time step: 43
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:21
0.445 Seconds

Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress

Elapsed run time:

WARNING REPORT:

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

L R L S R i i T T S T

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
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1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
SETTING OUTER_DVCLOSE TO OUTER_HCLOSE

WAS DEPRECATED IN VERSION 6.1.1.

VALUE.

2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS

DEPRECATED IN VERSION 6.1.1.

Normal termination of simulation.

Method 2: Initialize time array series through rcha.tas.initialize

SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.

# create recharge package with recharge pointing to a time array series
# not yet defined. flopy will generate a warning that there is not yet a
# time series name record for recharray._1

rcha = flopy.mf6.modflow.mfgwfrcha.ModflowGwfrcha(
model, recharge="TIMEARRAYSERIES rcharray_ 1"

)

rch_array = 0.000002
rch_array[0, 0] = 0.0001
tas = {0.0: rch_array, 200.0: 0.0000001}

* np.ones((15, 10))

(continues on next page)
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# initialize the time array series

rcha.tas.initialize(
filename="method2.tas",
tas_array=tas,
time_series_namerecord="rcharray_1",
interpolation_methodrecord="LINEAR",

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)

if success:

for line in buff:
print(line)

else:

raise ValueError("Failed to run.")

# clean up for next example
model . remove_package("'rcha")

WARNING: Time array series name rcharray_1 not found in any time series file
writing simulation...

writing simulation name file...

writing simulation tdis package...

writing solution package ims_-1...

writing model child_pkgs...

writing
writing
writing
writing
writing
writing
writing
writing

model name file...
package dis...
package ic...
package npf...
package oc...
package sto...
package ghb...
package ts_0...

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
—'sfacval') based on shape "time_series_name".

writing

package ts_1...

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".

writing

package ts_2...

WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".

writing
writing

package rcha_®...
package tas_0...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64

Compiler

Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological

(continues on next page)
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Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:21

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Solving: Stress period: 2 Time step: 1
Solving: Stress period: 2 Time step: 2
Solving: Stress period: 2 Time step: 3
Solving: Stress period: 2 Time step: 4
Solving: Stress period: 2 Time step: 5
Solving: Stress period: 2 Time step: 6
Solving: Stress period: 2 Time step: 7
Solving: Stress period: 2 Time step: 8
Solving: Stress period: 2 Time step: 9
Solving: Stress period: 2 Time step: 10
Solving: Stress period: 2 Time step: 11
Solving: Stress period: 2 Time step: 12
Solving: Stress period: 2 Time step: 13
Solving: Stress period: 2 Time step: 14
Solving: Stress period: 2 Time step: 15
Solving: Stress period: 2 Time step: 16
Solving: Stress period: 2 Time step: 17
Solving: Stress period: 2 Time step: 18
Solving: Stress period: 2 Time step: 19
Solving: Stress period: 2 Time step: 20
Solving: Stress period: 2 Time step: 21
Solving: Stress period: 2 Time step: 22
Solving: Stress period: 2 Time step: 23
Solving: Stress period: 2 Time step: 24
Solving: Stress period: 2 Time step: 25
Solving: Stress period: 2 Time step: 26
Solving: Stress period: 2 Time step: 27
Solving: Stress period: 2 Time step: 28
Solving: Stress period: 2 Time step: 29
Solving: Stress period: 2 Time step: 30
Solving: Stress period: 2 Time step: 31
Solving: Stress period: 2 Time step: 32
Solving: Stress period: 2 Time step: 33

(continues on next page)

182 Chapter 5. Tutorials



FloPy Documentation, Release 3.5.0

Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:

Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

DN NDNDNDNMNDNDNNDNDNDNDNDNMDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDDNDNDDNDDNDNDDNDNDNDDNDNDDNDDNDDNDDNDDN

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

(continued from previous page)

(continues on next page)

5.2. MODFLOW 6

183



FloPy Documentation, Release 3.5.0

Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:

Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

W wwwwwwwwwwwwwww wWNDNDNNDNMNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDDNDNDDNDNDNDDNDNDDNDDNDDNLDN

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

O NO VT WIN

11
12
13
14
15
16
17

(continued from previous page)

(continues on next page)

184

Chapter 5. Tutorials



FloPy Documentation, Release 3.5.0

Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress
Solving: Stress

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

W wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

(continued from previous page)

(continues on next page)

5.2. MODFLOW 6

185



FloPy Documentation, Release 3.5.0

Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:

Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

AW W W wwwwwwwwwwwwwwwwuwwwwwwwwwwwwwwuwuwwwwwwwwwwwwwwwww

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

(continued from previous page)

(continues on next page)

186

Chapter 5. Tutorials



FloPy Documentation, Release 3.5.0

Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:
Solving:

Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress
Stress

period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:
period:

SR DA SASMAEAEAEBAEASAESMSMSAAEEAEESAESAEBSMAMEESESEBAEBEAESESBSBAEEASEDDSBEEBSDSBSDSDDDDDDDS

Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time
Time

step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:
step:

O 00 NO VT i WIN

vTununuud DB DB DBBADBA DB DWWWWWWWWWWNNDNDNDNDNNDNNNRRRRRERRBRR @3
WINRPRWOWOoOLONOULLD WNRPFPFOWOOWNOULPD WNREF QUOUWWNOULRN WNRERPUOUWOOOWNOUVDADE WNRR

(continued from previous page)

(continues on next page)

5.2. MODFLOW 6

187



FloPy Documentation, Release 3.5.0

(continued from previous page)

Solving: Stress period: 4 Time step: 54
Solving: Stress period: 4 Time step: 55
Solving: Stress period: 4 Time step: 56
Solving: Stress period: 4 Time step: 57
Solving: Stress period: 4 Time step: 58
Solving: Stress period: 4 Time step: 59
Solving: Stress period: 4 Time step: 60
Solving: Stress period: 4 Time step: 61
Solving: Stress period: 4 Time step: 62
Solving: Stress period: 4 Time step: 63
Solving: Stress period: 4 Time step: 64
Solving: Stress period: 4 Time step: 65
Solving: Stress period: 4 Time step: 66
Solving: Stress period: 4 Time step: 67
Solving: Stress period: 4 Time step: 68
Solving: Stress period: 4 Time step: 69
Solving: Stress period: 4 Time step: 70
Solving: Stress period: 4 Time step: 71
Solving: Stress period: 4 Time step: 72
Solving: Stress period: 4 Time step: 73
Solving: Stress period: 4 Time step: 74
Solving: Stress period: 4 Time step: 75
Solving: Stress period: 4 Time step: 76
Solving: Stress period: 4 Time step: 77
Solving: Stress period: 4 Time step: 78
Solving: Stress period: 4 Time step: 79
Solving: Stress period: 4 Time step: 80
Solving: Stress period: 4 Time step: 81
Solving: Stress period: 4 Time step: 82
Solving: Stress period: 4 Time step: 83
Solving: Stress period: 4 Time step: 84
Solving: Stress period: 4 Time step: 85
Solving: Stress period: 4 Time step: 86
Solving: Stress period: 4 Time step: 87
Solving: Stress period: 4 Time step: 88
Solving: Stress period: 4 Time step: 89
Solving: Stress period: 4 Time step: 90
Solving: Stress period: 4 Time step: 91
Solving: Stress period: 4 Time step: 92
Solving: Stress period: 4 Time step: 93
Solving: Stress period: 4 Time step: 94
Solving: Stress period: 4 Time step: 95
Solving: Stress period: 4 Time step: 96
Solving: Stress period: 4 Time step: 97
Solving: Stress period: 4 Time step: 98
Solving: Stress period: 4 Time step: 99
Solving: Stress period: 4 Time step: 100
Solving: Stress period: 4 Time step: 101
Solving: Stress period: 4 Time step: 102
Solving: Stress period: 4 Time step: 103
Solving: Stress period: 4 Time step: 104
Solving: Stress period: 4 Time step: 105
(continues on next page)
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Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:
Solving: Stress period:

Time step: 106
Time step: 107
Time step: 108
Time step: 109
Time step: 110
Time step: 111
Time step: 112
Time step: 113
Time step: 114
Time step: 115
Time step: 116
Time step: 117
Time step: 118
Time step: 119
Time step: 120

I L o T T

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:21
Elapsed run time: 0.461 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

Method 3: Pass timearrayseries a dictionary of anything that could be passed to rcha.tas.initialize

rch_array = 0.0000001 * np.ones((15, 10))
rch_array[0, 0] = 0.0001
tas = {
0.0: 0.000002,
200.0: rch_array,
"filename": "method3.tas",
"time_series_namerecord": "rcharray_ 1",
"interpolation_methodrecord": "LINEAR",
}
rcha = flopy.mf6.modflow.mfgwfrcha.ModflowGwfrcha(
model, timearrayseries=tas, recharge="TIMEARRAYSERIES rcharray_1"
)

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)
else:

(continues on next page)
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raise ValueError("Failed to run.'")

# clean up for next example
model . remove_package("rcha")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model child_pkgs...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package oc...
writing package sto...
writing package ghb...
writing package ts_0...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
writing package ts_1...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
writing package ts_2...
WARNING: Unable to resolve dimension of ('ts', 'attributes', 'sfacrecord_single',
- 'sfacval') based on shape "time_series_name".
writing package rcha_@...
writing package tas_0...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:21
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Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:22
Elapsed run time: 0.436 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'child_pkgs_test.ims'
WAS DEPRECATED IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE
VALUE.
2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'child_pkgs_test.ims' WAS
DEPRECATED IN VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.

5.2.11 Working with the Multi-node Well (MNW2) Package
[1]: import os

[2]: import sys
from tempfile import TemporaryDirectory

import numpy as np

try:

import pandas as pd
except:

pass

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(fpth)
import flopy

print(sys.version)

print (f"numpy version: {np.__version__}")
try:
print(f"pandas version: {pd.__version__}")
except:
pass
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

pandas version: 2.0.3

flopy version: 3.5.0
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Make an MNW2 package from scratch

# temporary directory
temp_dir = TemporaryDirectory()
model_ws = temp_dir.name

m = flopy.modflow.Modflow('mnw2example", model_ws=model_ws)
dis = flopy.modflow.ModflowDis(
nrow=5, ncol=5, nlay=3, nper=3, top=10, botm=0, model=m

)

MNW?2 information by node

(this could be prepared externally from well reconds and read in from a csv or excel file) * this table has two multi-node
wells, the first (welll) consisting of two nodes that are manually specified (where the variable rw is specified by node)
* node that some variables that are constant for the whole well are also included (losstype, zpump, etc.)

node_data = pd.DataFrame(
[

[1, 1, 9

[1, 1, 7

[3, 3, 9

.5, 7.1, "welll", "skin", -1, 0, 0, 0, 1
.1, 5.1, "welll", "skin", -1, 0, 0, O, 0.
.1, 3.7, "well2", "skin", -1, 0, 0, 0, 1

(= )
N NN
(== =)
vl 1 n
(== =)
S O O
= NN

g
columns=[

i,
"3t
"ztop",
"zbotm",
"wellid",
"losstype",
"pumploc",
"gqlimit",
"ppflag",
"pumpcap”,
"rw'",
"rskin",
"kskin",
"zpump",

1,
)

node_data

i j ztop =zbotm wellid losstype pumploc qlimit ppflag pumpca rw \
1 1 9.5 7.1 welll skin -1 0 0
1 1 7.1 5.1 welll skin -1 0 0
3 3

9.1 3.7 well2 skin -1 0 0

L =]
[ — I — Mo

=
S 1 @

rskin kskin zpump
2.0 5.0 6.2
2.0 5.0 6.2

2 2.0 5.0 4.1

=]
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convert the DataFrame to a recarray for compatibility with flopy

[5]: node_data = node_data.to_records()
node_data

1, 9.5, 7.1, 'well1l', 'skin', -1, 0, 0, 0, 1. , 2., 5., 6.2),
(1, 1, 7.1, 5.1, 'welll', 'skin', -1, ®, 0, 0, 0.5, 2., 5., 6.2),
2, 3, 3, 9.1, 3.7, 'well2', 'skin', -1, 0, 0, 0, 1. , 2., 5., 4.1)],
dtype=[('index', '<i8'), ('i', '<i8"'), ('j', '<i8'), ('ztop', '<f8'), ('zbotm',
— '<f8"), ('wellid', '0'), ('losstype', '0"'), ('pumploc', '<i8'), ('qlimit', '<i8"), (
- 'ppflag', '<i8'), ('pumpcap', '<i8'), ('rw', '<f8'), ('rskin', '<f8'), ('kskin', '<f8
"), ('zpump', '<£8')1)

[5]: rec.array([(0, 1,
1,

Stress period information

(could also be developed externally)

[6]: stress_period_data = pd.DataFrame(

[
[0, "welll", 0],
[1, "welll", 100.0],
[0, "well2", O],
[1, "well2", 1000.0],

1,

columns=["per", "wellid", "qdes"],

)

stress_period_data

[6]: per wellid gdes
0 welll 0.0
1 welll 100.0
0 well2 0.0
1 well2 1000.0

W N~

[7]: pers = stress_period_data.groupby("per™)
stress_period_data = {i: pers.get_group(i).to_records() for i in [0, 1]}
stress_period_data

[7]: {0: rec.array([(®, O, 'welll', 0.), (2, 0, 'well2', 0.)],
dtype=[('index', '<i8'), ('per', '<i8'), ('wellid', '0'), ('qdes', '<f8')1]),
1: rec.array([(1, 1, 'welll', 100.), (3, 1, 'well2',6 1000.)],
dtype=[('index', '<i8'), ('per', '<i8'), ('wellid', '0'), ('qdes', '<f8')1)}
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[10]:
[10]:

[11]:
[11]:

[12]:
[12]:

[13]:
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Make ModflowMnw2 package object

* note that extraneous columns in node_data and stress_period_data are ignored

« if itmp is positive, it must equal the number of active wells being specified in stress_period_data, otherwise
the package class will raise an error.

mnw2 = flopy.modflow.ModflowMnw2 (
model=m,
mnwmax=2,
node_data=node_data,
stress_period_data=stress_period_data,
itmp=[2, 2, -1], # reuse second per pumping for last stress period

# "nodtot" is computed automatically
mnw2 .nodtot

3

pd.DataFrame (mnw2.node_data)

k i j ztop =zbotm wellid losstype pumploc qlimit ppflag ... hlim \
0 0 1 1 9.5 7.1 welll skin -1 0 o ... 0.0
1 0 1 1 7.1 5.1 welll skin -1 0 o ... 0.0
2 0 3 3 9.1 3.7 well2 skin -1 0 o ... 0.0
gcut qfrcmn qfrcmx hlift 1iftg® 1liftgmax hwtol 1liftn qgn
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[3 rows x 33 columns]
pd.DataFrame(mnw2.stress_period_data[0])
k i j wellid qgdes capmult cprime hlim qcut gfrcmn qgfrcmx
0 0 1 1 welll 0.0 0 0.0 0.0 0 0.0 0.0
1 0 3 3 well2 0.0 0 0.0 0.0 0 0.0 0.0

pd.DataFrame (mnw2.stress_period_data[1])

k i j wellid gqdes capmult cprime hlim qcut gfrcmn gfrcomx
® 0 1 1 welll 100.0 0 0.0 0.0 0 0.0 0.0
1 0 3 3 well2 1000.0 0 0.0 0.0 0 0.0 0.0

tmp = flopy.modflow.ModflowMnw2 (
model=m,
itmp=[1, 1, -1], # reuse second per pumping for last stress period

)

/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:658:..
—.UserWarning: Unit 34 of package MNW2 already in use.

warn(
/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:667:..

(continues on next page)
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—.UserWarning: Two packages of the same type, Replacing existing 'MNW2' package.
warn(

empty node_data and stress_period_data tables can also be generated by the package class, and
then filled

node_data = tmp.get_empty_node_data(3)

node_data
rec.array([ (0, ®, O, 0., 0., O, O, 0, O, O, O, 0., 0., 0., 0., 0., 0., 0., 0., 0, 0, O,
-~0., 0., 0, 0., 0., 0., 0., 0., 0., 0., 0.),

(o, 0, 60, 0., 0., 0, 6, 0, 0, 0, 6, 0., 0., 0., 0., 0., 0., 0., 0., 0, 0, O,
~0., 0., 0, 0., 0., 0., 0., 0., 0., 0., 0.),

(6, 60, 6, 0., 6., 60, 6, 0, 0, 0, 6, 0., 6., 0., 0., 0., 0., 0., 0., 0, 0, O,
0., 0., 0, 0., 0., 0., 0., 0., 0., 0., 0.)],

dtype=[('k", '<i8'), ('i', '<i8'), ('j', '<i8"), ('ztop', '<f4'), ('zbotm', '

~<f4'), ('wellid', '0'), ('losstype', '0'), ('pumploc', '<i8'), ('qlimit', '<i8'), (

- 'ppflag', '<i8'), ('pumpcap', '<i8'), ('rw', '<f4'), ('rskin', '<f4'), ('kskin', '<f4
<", ('B', '<f4"), ('C', '<f4"), ('P', '<f4"), ('cwc', '<f4"), ('pp', '<f4'), ('pumplay
o', '<i8'), ('pumprow', '<i8'), ('pumpcol', '<i8'), ('zpump', '<f4'), ('hlim', '<f4'), (
~'qcut', '<i8"), ('qfrcmn', '<f4'), ('qfremx', '<f4'), ('hlift', '<f4'), ('liftqd®', '<f4
<", ('liftgmax', '<f4'), ('hwtol', '<f4'), ('liftn', '<f4'), (‘qn', '<f4')])

Mnw objects

at the base of the flopy mnw2 module is the Mnw object class, which describes a single multi-node well. A list or dict
of Mnw objects can be used to build a package (using the example above):

flopy.modflow.ModflowMnw2 (model=m, mnwmax=2,
mnw=<dict or list of Mnw objects>,
itmp=[1, 1, -1], # reuse second per pumping for last stress period

)

or if node_data and stress_period_data are supplied, the Mnw objects are created on initialization of the ModflowMnw?2
class instance, and assigned to the .mnw attribute, as items in a dictionary keyed by wellid.

mnw2 . mnw

{'welll': <flopy.modflow.mfmnw2.Mnw at 0x7fe87£7295e0>,
'well2': <flopy.modflow.mfmnw2.Mnw at 0x7fe87£729460>}

mw2 .mnw["welll"].rw

[1.0, 0.5]

Note that Mnw object attributes for variables that vary by node are lists (e.g. rw above)
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Each Mnw object has its own node_data and stress_period_data

pd.DataFrame (mnw2.mnw["welll"] .node_data)

k i j ztop =zbotm wellid losstype pumploc qlimit ppflag ... hlim \
® 06 1 1 9.5 7.1 welll skin -1 0 0 ... 0.0
1 0 1 1 7.1 5.1 welll skin -1 0 o ... 0.0
gcut qfrcmn qfrcmx hlift 1iftg® liftgmax hwtol liftn qgn
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

[2 rows x 33 columns]

Instead of a dict keyed by stress period, Mnw.stress_period_data is a recarray with pumping data
listed by stress period for that well

* note that data for period 2, where itmp < 1, is shown (was copied from s.p. 1 during construction of the Mnw
object)

pd.DataFrame (mnw2.mnw["well2"].stress_period_data)

k i j per gdes capmult cprime hlim qcut gfrcmn qgfrcmx
® 0 3 3 0 0.0 0 0.0 0.0 0 0.0 0.0
1 06 3 3 1 1000.0 0 0.0 0.0 0 0.0 0.0
2 0 3 3 1 1000.0 0 0.0 0.0 0 0.0 0.0

Build the same package using only the Mnw objects

mnw2fromobj = flopy.modflow.ModflowMnw2 (
model=m,
mnwmax=2,
mnw=mnw2 . mnw,
itmp=[2, 2, -1], # reuse second per pumping for last stress period

)

/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:658:..
—.UserWarning: Unit 34 of package MNW2 already in use.

warn(
/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:667:..
—.UserWarning: Two packages of the same type, Replacing existing 'MNW2' package.

warn(

pd.DataFrame (mnw2fromobj.node_data)

k i j ztop =zbotm wellid losstype pumploc qlimit ppflag ... hlim \
0 0 1 1 9.5 7.1 welll skin -1 0 o ... 0.0
1606 1 1 7.1 5.1 welll skin -1 0 o ... 0.0
2 0 3 3 9.1 3.7 well2 skin -1 ) o ... 0.0

gcut qfrcmn qfrcemx hlift 1liftg® liftgmax hwtol 1liftn gn

(continues on next page)
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0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[3 rows x 33 columns]
pd.DataFrame (mnw2fromobj.stress_period_data[0])

k i j wellid qgdes capmult cprime hlim qcut gfrcmn qgfrcmx
0 0 1 1 welll 0.0 0 0.0 0.0 0 0.0 0.0
1 0 3 3 well2 0.0 0 0.0 0.0 0 0.0 0.0

pd.DataFrame (mnw2fromobj.stress_period_data[1])

k i j wellid gqdes capmult cprime hlim qcut gqfrcmn qgfrcomx
® 0 1 1 welll 100.0 0 0.0 0.0 0 0.0 0.0
1 0 3 3 well2 1000.0 0 0.0 0.0 0 0.0 0.0

By default, the node_data and stress_period_data tables attached to the ModflowMnw2 package class
are definitive

* on writing of the package output (mnw2.write_file()), the Mnw objects are regenerated from the tables.
This setting is controlled by the default argument use_tables=True. To write the package file using the Mnw
objects (ignoring the tables), use mnw2.write_file(use_tables=False)

perl = flopy.modflow.ModflowMnw2.get_empty_stress_period_data(itmp=2)
perl

rec.array([(®, 0, O, 0, 0., 0, 0., 0., 0, 0., 0.),
(®, 6, 60, 6, 0., 0, 0., 0., 0, 0., 0.)],
dtype=[('k', '<i8"), ('i', '<i8"), ('j', '<i8'), ('wellid', '0'), ('qdes', '<f4
"), ("capmult', '<i8'), ('cprime', '<f4'), ('hlim', '<f4'), ('gcut', '<i8'), ('qfrcmn',

— '<f4'), ('qfremx', '<f4')1)

Write an MNW2 package file and inspect the results

mnw2.write_file(os.path.join(model_ws, "test.mnw2'))

junk = [
print(l.strip("\n"))
for 1 in open(os.path.join(model_ws, "test.mnw2")).readlines()
]
# MNW2 package for MODFLOW-2005 generated by Flopy 3.5.0
200
welll -2

skin -1 0 0 0
-1.0000000E+00 2.0000000E+00 5.0000000E+00
9.5000000E+00 7.0999999E+00 2 2 1.0000000E+00
7.0999999E+00 5.0999999E+00 2 2 5.0000000E-01

(continues on next page)
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6.1999998E+00
well2 -1
skin -1 0 0 0
1.0000000E+00 2.0000000E+00 5.0000000E+00
9.1000004E+00 3.7000000E+00 4 4
4.0999999E+00
2 Stress Period 1
welll 0.0000000E+00
well2 0.0000000E+00
2 Stress Period 2
welll 1.0000000E+02
well2 1.0000000E+03
-1 Stress Period 3

Load some example MNW2 packages

path = os.path.join("..", , "examples", "data", "mnw2_examples")
m = flopy.modflow.Modflow("MNW2-Fig28", model_ws=model_ws)
dis = flopy.modflow.ModflowDis.load(os.path.join(path, "MNW2-Fig28.dis"), m)

m.get_package_list()
['DIS']

mnw2pth = os.path.join(path, "MNW2-Fig28.mnw2")
mnw2 = flopy.modflow.ModflowMnw2.load(mnw2pth, m)

pd.DataFrame (mnw2.node_data)

k i j ztop zbotm wellid losstype pumploc qlimit ppflag ... \
® 0 29 40 -5.0 -65.0 well-a skin 0 1 0

hlim gqcut qfrcmn qfrcmx hlift 1iftg® liftgmax hwtol 1liftn qgn
® -7.5 -1 0.1 0.15 0.0 0.0 0.0 0.0 0.0 0.0

[1 rows x 33 columns]

pd.DataFrame (mnw2.stress_period_data[0])

k i j wellid qdes capmult cprime hlim qcut qgfrcmn qgfrcmx
0 0 29 40 well-a 0.0 0 0.0 0.0 0 0.0 0.0
mnw2 . mnw
{'well-a': <flopy.modflow.mfmnw2.Mnw at 0x7fe84dea8af0>}

pd.DataFrame (mnw2.mnw["well-a"].stress_period_data)

k i j per gqdes capmult cprime hlim qcut gfrcmn qfrcomx
0 0 29 40 0 0.0 0 0.0 0.0 0 0.0 0.0
1 0 29 40 1 -10000.0 0 0.0 0.0 0 0.0 0.0
2 0 29 40 2 -10000.0 0 0.0 0.0 0 0.0 0.0
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path = os.path.join("..",
m = flopy.modflow.Modflow("br", model_ws=model_ws)

"examples", "data", "mnw2_examples")

mnw2 = flopy.modflow.ModflowMnw2.load(

os.path.join(path, "BadRiver_cal.mnw2"), m
)
df = pd.DataFrame(mnw2.node_data)
df.loc[:, df.sum(axis=0) != 0]

i j ztop zbotm wellid losstype pumploc \

0 294 503 181.630005 161.630005 br_birchl skin -1
1 295 503 179.119995 159.119995 br_birch2 skin -1
2 175 342 400.220001 312.220001 br_diapervillel skin -1
3 174 342 399.119995 312.119995 br_diaperville2 skin -1
4 248 454 565.200012 555.200012 br_franksl skin -1
5 249 453 564.419983 554.419983 br_franks2 skin -1
6 180 396  453.959991  447.959991 br_odanahl skin -1
7 181 395  450.559998  444.559998 br_odanah?2 skin -1
8 181 395 380.489990  371.489990 br_odanah3 skin -1
9 180 396  450.739990  444.739990 br_odanah4 skin -1
10 170 350 475.410004 472.410004 br_oldschool skin -1
11 172 312 377.410004  348.410004 br_recycle skin -1
12 216 412 562.200012 542.200012 br_unspec skin -1
13 516 424 1079.910034 1072.910034 cfsp_ncpl skin -1
14 515 424 1077.900024 1074.900024 cfsp_ncp2 skin -1
15 539 415 1093.010010 1003.010010 cfsp_of skin -1
16 360 2 706.330017 699.330017 hayward_bait_n skin -1
17 360 6 705.289978 698.289978 hayward_bait_ne skin -1
18 362 4 696.979980 689.979980 hayward_bait_of skin -1
19 456 699 1352.050049 1342.050049 ironbelt2 skin -1
20 456 699 1350.439941 1343.439941 ironbelt3 skin -1
21 599 414 1198.839966 1188.839966 mellen?2 skin -1
22 576 408 1151.599976 1131.599976 mellen3 skin -1
23 253 149 622.179993 602.179993 milestone skin -1
24 208 148 520.119995 500.119995 nsp skin -1
25 80 162 535.299988 30.299999 washburnl skin -1
26 91 143 541.280029 -67.720001 washburn?2 skin -1

rw rskin kskin zZpump
0 1.0 2.0 10.0 162.630005
1 1.0 2.0 10.0 160.119995
2 1.0 2.0 10.0 313.220001
3 1.0 2.0 10.0  313.119995
4 1.0 2.0 10.0 556.200012
5 1.0 2.0 10.0 555.419983
6 1.0 2.0 10.0  448.959991
7 1.0 2.0 10.0  445.559998
8 1.0 2.0 10.0  372.489990
9 1.0 2.0 10.0  445.739990
10 1.0 2.0 10.0 473.410004
11 1.0 2.0 10.0 349.410004
12 1.0 2.0 10.0 543.200012
13 1.0 2.0 10.0 1073.910034

(continues on next page)

206 Chapter 5. Tutorials



FloPy Documentation, Release 3.5.0

(continued from previous page)

14 1.0 2.0 10.0 1075.900024
15 1.0 2.0 10.0 1004.010010
16 1.0 2.0 10.0 700.330017
17 1.0 2.0 10.0 699.289978
18 1.0 2.0 10.0 690.979980
19 1.0 2.0 10.0 1343.050049
20 1.0 2.0 10.0 1344.439941
21 1.0 2.0 10.0 1189.839966
22 1.0 2.0 10.0 1132.599976
23 1.0 2.0 10.0 603.179993
24 1.0 2.0 10.0 501.119995
25 1.0 2.0 10.0 31.299999
26 1.0 2.0 10.0 -66.720001
[35]: try:

# ignore PermissionError on Windows

temp_dir.cleanup()
except:

pass

5.2.12 Accessing MODFLOW 6 Output

This tutorial shows how to access output from MODFLOW 6 models and packages by using the built in .output
attribute on any MODFLOW 6 model or package object

[1]: import os
from pathlib import Path
from tempfile import TemporaryDirectory

[2]: import numpy as np

[3]1: # ## Package import
import flopy

Load a simple demonstration model

[4]: exe_name = "mf6"
project_root_path = Path.cwd() .parent.parent
ws = os.path.abspath(os.path.dirname(""))
sim_ws = str(
project_root_path / "examples" / "data" / "mf6" / "test00le_UZF_3lay"

)

[5]: # load the model
sim = flopy.mf6.MFSimulation.load(
sim_ws=sim_ws,
exe_name=exe_name,
verbosity_level=0,
(continues on next page)
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)

# change the simulation path, rewrite the files, and run the model
temp_dir = TemporaryDirectory()

sim_ws = temp_dir.name

sim.set_sim_path(sim_ws)

sim.write_simulation(silent=True)

sim.run_simulation(silent=True)

[5]: (True, [1)

Get output using the .output attribute

The output attribute dynamically generates methods for each package based on the available output options within that
package. A list of all available outputs are:

head() Method to get the HeadFile object for the model. Accessed from the model object or the OC
package object

budget() Method to get the Cel1BudgetFile object for the model. Accessed from the model object or the
OC package object

budgetcsv() Method to get the MODFLOW-6 budget csv as a CsvFile object. Valid for model, oc, and

advanced packages such as MAW, UZF, LAK
zonebudget() Method to get the ZoneBudget6 object for the model. Accessed from the model object or the OC

package object

obs() Method to get observation file data in the form of a MF60bs object. Accessed from any package
that allows observations.

csv() Method to get csv output data in the form of a CsvFile object. Example files are inner and outer
iteration files from IMS

pack- Method to get csv based package convergence information from packages such as SFR, LAK,

age_convergence UZF, and MAW. Returns a CsvFile object

stage() Method to get binary stage file output from the SFR and LAK packages

concentration() Method to get the binary concentration file output from a groundwater transport model. Accessed
from the model object or the OC package object

cim() Method to get immobile concentration output from the CIM package

density() Method to get density file output from the BUY package

Get head file and cell budget file outputs
The head file output and cell budget file output can be loaded from either the model object or the OC package object.

[6]: ml = sim.get_model("gwf_1")

[7]: bud = ml.output.budget()
bud.get_data(idx=0, full3D=True)

[7]: [array([[[ 0., 6., 0., 0., -0., 0., 0., 0., -60., 0., 0., 0.,
-0., 6., 0., 0., -60., 0., 0., 0., -060., 0., 0., 0.,
-0., 6., 0., 0., -60., 0., 0., 0., -060., 0., 0., 0.,
-6., 6., 6., -60., 0., 0., 0., -060., -0., 0., 0., 0.,
-6., -6., 6., 0., 0., -60., -060., 0., 0., 0., -0., -0.,
0., 6., 0., -0., -0., 0., 0., 0., -0., -0 0. 0

(continues on next page)
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0.

0.

0.

0.

0.

0.

0.

0.

0.
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0

0.
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0.
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0
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61508013,

79225125,
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0.
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128.
128.
138.
138.
136.
136.
134.
134.
131.
131.
123.
123.
114.
114.
110.
110.
105.
105.

95.

95.

94.

0217841

02162783,
99381474,
99366263,

4972012

49706937,
35958704,
35947321,
24481479,
24472659,
13434058,
13387185,
00353442,
00321895,
11487407,
11462734,
40602911,
40586755,
08914871,

089064

69475504,
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0.00000000e+00) ,
0., 0., 0. Yo
0.00000000e+00),
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00),
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. Yo
0.00000000e+00),
0., 0., 0. Yo
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00),
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. yu
0.00000000e+00) ,
0., 0., 0. Yo
0.00000000e+00) ,
0., 0., 0.02722978, ..
1.22061576e-04),
0., 0., 0.02616677,..
1.09439391e-04),
0., 0., 0.0225728 ,..
9.65814295e-05),
0., 0., 0.01957412, .
8.47152128e-05),
0., 0., 0.01672315,..
6.72047136e-05),
0., 0., 0.01312794, ..
3.80661214e-04),

0., 0., 0.0097074 ,._
2.76719717e-04),
0., 0., 0.0078339 ,..

2.24068325e-04),
0., 0., 0.00594997,.
1.53273477e-04),
0., 0., 0.00307764,..
8.90844871e-05),
0., 0., 0.00271043,..
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— 10.48542653, 84.20654512, 0., 0., 0., 94.69475504, 94.69468209, 7.70440756e-05),
(1.96e+03, 0.00000000e+00, 0. , 0., 89.77312957, 0., 0., 0.00134165,.
— 5.18451079, 84.58703172, 0., 0., 0., 89.77312957, 89.77288416, 2.73360282e-04),
(2.00e+03, 3.28550762e-05, 0.12927097, 0., 85.77949492, 0., 0., 0.00037754,..
— 1.45488492, 84.45346195, 0., 0., 0., 85.90879875, 85.90872441, 8.65285791e-05),
(2.04e+03, 1.11673220e-03, 4.33428447, 0., 79.06662935, 0., 0., 0. "o
- 0. , 83.40218928, 0., 0., 0., 83.40203055, 83.40218928, -1.90324298e-04),
(2.08e+03, 9.50436281e-04, 3.6847171 , 0., 79.01606345, 0., 0., 0. o
- 0. , 82.70187216, 0., 0., 0., 82.70173099, 82.70187216, -1.70697486e-04),
(2.12e+03, 8.09420799e-04, 3.13589527, 0., 79.07017251, 0., 0., 0. Tu
- 0. , 82.20700075, 0., 0., 0., 82.2068772 , 82.20700075, -1.50282359e-04),
(2.16e+03, 1.74634716e-03, 6.76514808, 0., 74.44436606, 0., 0., 0. o
, 0. , 81.21149171, 0., 0., 0., 81.21126049, 81.21149171, -2.84711568e-04),
(2.20e+03, 2.91726961e-03, 11.31295605, 0., 67.97128273, 0., 0., 0. Yo
- 0. , 79.28753204, 0., 0., 0., 79.28715604, 79.28753204, -4.74219376e-04),
(2.24e+03, 3.18846934e-03, 12.36643397, 0., 65.05084871, 0., 0., 0. su
- 0. , 77.42085884, 0., 0., 0., 77.42047115, 77.42085884, -5.00756338e-04),
(2.28e+03, 3.08245610e-03, 11.96212155, 0., 63.67724795, 0., 0., 0. o
- 0. , 75.64282768, 0., 0., 0., 75.64245196, 75.64282768, -4.96712518e-04),
(2.32e+03, 2.66394411e-03, 10.34112384, 0., 63.8844137 , 0., 0., 0. ru
- 0. , 74.22852942, 0., 0., 0., 74.22820148, 74.22852942, -4.41794671e-04),
(2.36e+03, 2.31518433e-03, 8.99067397, 0., 64.05458652, 0., 0., 0. "o
- 0. , 73.04786211, 0., 0., 0., 73.04757567, 73.04786211, -3.92124078e-04),
(2.40e+03, 2.17404830e-03, 8.44571365, 0., 63.52276663, 0., 0., 0. o
- 0. , 71.97090718, 0., 0., 0., 71.97065433, 71.97090718, -3.51328184e-04),
(2.44e+03, 2.81993508e-03, 10.96537535, 0., 59.39318153, 0., 0., 0. ru
- 0. , 70.36169271, 0., 0., 0., 70.36137682, 70.36169271, -4.48957261e-04),
(2.48e+03, 2.99544059e-03, 11.65308129, 0., 57.07292771, 0., 0., O. Yo
. 0. , 68.72930656, 0., 0., 0., 68.72900444, 68.72930656, -4.39583720e-04),
(2.52e+03, 4.00001313e-03, 15.57599202, 0., 50.80019371, 0., 0., 0. Yo
- 0. , 66.38055059, 0., 0., 0., 66.38018574, 66.38055059, -5.49633887e-04),
(2.56e+03, 3.81480656e-03, 14.86546946, 0., 49.32928447, 0., 0., 0. su
- 0. , 64.19891797, 0., 0., 0., 64.19856873, 64.19891797, -5.43997899%e-04)1,
dtype=[('totim', '<f8'), ('STO-SS(STORAGE)_IN', '<£f8'), ('STO-SY(STORAGE)_IN',
~'<f8"'), ('CHD(CHD-1)_IN', '<f8'), ('UZF-GWRCH(UZF-1)_IN', '<£8'), ('UZF-GWD(UZF-1)_IN',
~ '<f8'), ('UZF-GWET(UZF-1)_IN', '<£f8'), ('STO-SS(STORAGE)_OUT', '<£f8'), ('STO-
—SY(STORAGE) _OUT', '<£f8'), ('CHD(CHD-1)_OUT', '<£f8'), ('UZF-GWRCH(UZF-1)_OUT', '<f8'), (
— 'UZF-GWD(UZF-1)_OUT', '<£f8'), ('UZF-GWET(UZF-1)_OUT', '<£f8'), ('TOTAL_IN', '<£f8'), (

— "TOTAL_OUT',

[9]:

'<£8"),

hds = ml.output.head()

hds.get_data()

[9]:

array([[[-25. )
-24.83902108,
-24.93660487,

LL-
-24.83902108,
-24.93660487,

-

-25.

25. )

-25.

25. )

-24.93660487,
-24.83902108,

-24.93660487,
-24.83902108,

-24.93660487,

("PERCENT_DIFFERENCE',

11,

11,

-24.88816332,
-24.85548043,

-24.88816332,
-24.85548043,

-24.88816332,

'<£8')1)

-24.85548043,
-24.88816332,

-24.85548043,
-24.88816332,

-24.85548043,

(continues on next page)
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-24.83902108,
-24.93660487,

-24
-25

.83902108,
. 11D

[10]: bud = ml.oc.output.budget()
bud.get_data(idx=0, full3D=True)

[10]:

[array([[[ 0., 0., ©0.

-0., 0., 0
-0., 0., O
-0., 0., O.
-0., -0., O
0., 0., ©
0., -0., -0.
-0., 0., O.
0., 0., -0.
0., 0., -0.
0 0., -0.

[11]: hds = ml.oc.output.head()

[11]:

[12]:

[12]:

hds.get_data(Q)

array([[[-25. )
-24.83902108,
-24.93660487,

[[_25 ’
-24.83902108,
-24.93660487,

[[_25- ’
-24.83902108,
-24.93660487,

-24,
-24,
-25.

-24

-24,
-25.

-24.

-24

-25.

0., -60., 6., 0., 0.,
0., -60., 0., 0., 0.,
0., -60., 0., 0., 0.,
0., 0., 0., 0., -0.,
0., 0., -0., -0., 0.,
0., -60., 0., 0., 0.,
0., 6., 0., -0., -0.,
0., 0., 0., -0., -0.,
0., 0., 0., -0., -0.,
0., 0., 0., -0., -0.,
0.11D]1
93660487, -24.88816332,
83902108, -24.85548043,
11,
.93660487, -24.88816332,
83902108, -24.85548043,
11,
93660487, -24.88816332,
.83902108, -24.85548043,
11D

Get output associated with a specific package

-24.85548043,

-24.88816332,

-24.85548043,
-24.88816332,

-24.85548043,
-24.88816332,

-24.85548043,
-24.88816332,

(=]

(=N — I — I —

[=I— I — ]

(continued from previous page)

The .output attribute is tied to the package object and allows the user to get the output types specified in the MOD-
FLOW 6 package. Here is an example with a UZF package that has UZF budget file output, budgetcsv file output,
package convergence output, and observation data.

uzf = ml.uzf

uzf_bud = uzf.output.budget()

uzf_bud.get_data(idx=0)

[y

9,
10,
11,
12,
13,
14,
15,
16,
17,

[rec.array([(

(

Y atatatatale
O 00 NO VT i WIN

(=]

[ — I — I — I — N — I — ]

100000.), (9, 1, -0.,
100000.), (10, 2, -0.,
100000.), (11, 3, -0.,
100000.), (12, 4, -0.,
100000.), (13, 5, -0.,
100000.), (14, 6, -0.,
100000.), (15, 7, -0.,
100000.), (16, 8, -0.,
100000.), (17, 9, -0.,

100000.
100000.
100000.
100000.
100000.
100000.
100000.
¥
100000.

100000

),

),
),
),
),

),

(continues on next page)
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(10, 18, 0., 100000.), (18, 10, -0., 100000.),
(11, 19, 6., 100000.), (19, 11, -0., 100000.),
(12, 20, 0., 100000.), (20, 12, -0., 100000.),
(13, 21, 6., 100000.), (21, 13, -0., 100000.),
(14, 22, 0., 100000.), (22, 14, -0., 100000.),
(15, 23, 0., 100000.), (23, 15, -0., 100000.),
(16, 24, 0., 100000.), (24, 16, -0., 100000.)],
dtype=[('node', '<i4'), ('node2', '<i4'), ('q', '<f8'), ('FLOW-AREA', '<f8
-1
[13]: uzf_budcsv = uzf.output.budgetcsv()
uzf_budcsv.data
[13]: rec.array([(2.00e+00, 0., 8000., 0., 0., 0.00000000e+00, ©. , 0., 0., 0.
01124365, 7999.98875635, 8000. , 3000. , 3.41060513e-14),
(4.00e+00, 0., 3000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
02248729, 7999.97751271, 8000. , 8000. , -2.27373675e-14),
(6.00e+00, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
03373091, 7999.96626909, 8000. , 8000. , 6.82121026e-14),
(8.00e+00, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
04497452, 7999.95502458, 8000. , 7999.9999991 , 1.12417183e-08),
(1.00e+01, 0., 3000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
10119265, 7999.89880735, 8000. , 8000. , 1.13686838e-13),
(1.20e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
15741054, 7999.84258946, 8000. , 8000. , -1.13686838e-14),
(1.40e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
21362819, 7999.78637181, 8000. , 8000. , 6.82121026e-14),
(1.60e+01, 0., 3000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
26984561, 7999.73015439, 8000. , 8000. , -5.68434189%e-14),
(1.80e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
32606279, 7999.67393721, 8000. , 8000. , -2.38742359%e-13),
(2.00e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—+38227973, 7999.61772027, 8000. , 8000. , 6.82121026e-14),
(2.20e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
43849643, 7999.56150357, 8000. , 8000. , 2.04636308e-13),
(2.40e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
13492205, 7999.86507795, 8000. , 8000. , -9.09494702e-14),
(2.60e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
19113979, 7999.80886021, 3000. , 8000. , -3.63797881e-13),
(2.80e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.2473573.
<, 7999.7526427 , 8000. , 8000. , 4.66116035e-13),
(3.00e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.3035747.
<, 7999.6964253 , 8000. , 3000. , -9.09494702e-14),
(3.20e+01, 0., 3000., 0., 0., 0.00000000e+00, O. , 0., 0., 0.
35979212, 7999.64020788, 8000. , 8000. , -7.95807864e-14),
(3.40e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.4160093.
<, 7999.5839907 , 8000. , 8000. , -9.09494702e-14),
(3.60e+01, 0., 3000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
47222624, 7999.52777376, 8000. , 8000. , -7.95807864e-14),
(3.80e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
52844295, 7999.47155705, 8000. , 8000. , -9.09494702e-14),
(4.00e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.

(continues on next page)
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22486856, 7999.77513144, 8000. , 8000. , 7.27595761e-13),
(4.20e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—28108631, 7999.71891369, 8000. , 8000. , 2.04636308e-13),
(4.40e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—33475407, 7999.66524593, 8000. , 8000. , -1.02318154e-13),
(4.60e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
38480503, 7999.61519497, 8000. , 8000. , -5.11590770e-13),
(4.80e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—43407536, 7999.56558735, 8000. , 7999.99966271, 4.21615857e-06),
(5.00e+01, 0., 8000., 0., 0., 1.18939114e-01, 0. , 0., 0., 0.
—48208139, 7999.63685772, 8000.11893911, 8000.11893911, 4.54740590e-13),
(5.20e+01, 0., 8000., 0., 0., 2.40000000e-01, 0. , 0., 0., 0.
62375028, 7999.61624972, 8000.24 , 8000.24 , 4.54733709e-14),
(5.40e+01, 0., 8000., 0., 0., 2.40000000e-01, 0. , 0., 0., 0.
—64056589, 7999.59943411, 8000.24 , 8000.24 , -1.13683427e-13),
(5.60e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—32744504, 7999.67255496, 8000. , 8000. , -2.16004992e-13),
(5.80e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—36195984, 7999.63804016, 8000. , 8000. , 1.93267624e-13),
(6.00e+01, 0., 8000., 0., 0., 0.00000000e+00, 0. , 0., 0., 0.
—39268212, 7999.60731788, 8000. , 8000. , 4.66116035e-13),
(1.10e+602, 0., 0., 0., 0., 3.78724873e+03, 0. , 0., 0., 0.
41882422, 3786.82970478, 3787.24873018, 3787.24852899, 5.31225330e-06),
(1.60e+02, 0., 0., 0., 0., 6.28239222e+02, 0. , 0., 0., 0.
51502761, 627.69903841, 628.23922183, 628.21406602, 4.00425715e-03),
(2.10e+02, 0., 0., 0., 0., 3.79980452e+02, 0. , 0., 0., 0.
—56814228, 379.36208201, 379.98045151, 379.9302243 , 1.32192414e-02),
(2.60e+02, 0., 0., 0., 0., 1.22681840e+02, 0. , 0., 0., 0.
—60336166, 122.00319618, 122.68183971, 122.60655784, 6.13823347e-02),
(3.10e+02, 0., 0., 0., 0., 1.22634110e+02, 0. , 0., 0., 0.
58736429, 121.9464052 , 122.63410992, 122.53376948, 8.18544694e-02),
(3.60e+02, 0., 0., 0., 0., 1.22586380e+02, 0. , 0., 0., 0.
—58904253, 121.8719518 , 122.58638012, 122.46099433, 1.02335961e-01),
(4.10e+02, 0., 0., 0., 0., 1.22538650e+02, 0. , 0., 0., 0.
57596753, 121.81226742, 122.53865033, 122.38823496, 1.22824712e-01),
(4.60e+02, 0., 0., 0., 0., 1.22490921e+02, 0. , 0., 0., 0.
56435326, 121.75113567, 122.49092053, 122.31548892, 1.43322724e-01),
(5.10e+02, 0., 0., 0., 0., 1.22443191e+02, 0. , 0., 0., 0.
55419916, 121.68855904, 122.44319073, 122.2427582 , 1.63828398e-01),
(5.60e+02, 0., 0., 0., 0., 1.22395461e+02, 0. , 0., 0., 0.
56040475, 121.60963737, 122.39546094, 122.17004212, 1.84342282e-01),
(6.00e+02, 0., 0., 0., 0., 1.74018709e+01, 0. , 0., 0., 0.
—55999969, 16.82414951, 17.4018709 , 17.3841492 , 1.01889790e-01),
(6.40e+02, 0., 0., 0., 0., 1.51944083e+02, 0. , 0., 0., 0.
55144142, 151.39263928, 151.94408282, 151.9440807 , 1.39256758e-06),
(6.80e+02, 0., 0., 0., 0., 2.72064073e+02, 0. , 0., 0., 0.
54288289, 271.52105105, 272.06407257, 272.06393394, 5.09554104e-05),
(7.20e+02, 0., 0., 0., 0., 2.43435052e+02, 0. , 0., 0., 0.
53432434, 242.90043095, 243.43505167, 243.43475529, 1.21747747e-04),
(7.60e+02, 0., 0., 0., 0., 2.24436380e+02, 0. , 0., 0., 0.
52576579, 223.91019007, 224.43638039, 224.43595586, 1.89152075e-04),
(8.00e+02, 0., 0., 0., 0., 1.92144820e+02, 0. , 0., 0., 0.
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51720724, 191.62706411, 192.14481959, 192.14427135, 2.85328186e-04),
(8.40e+02, 0., 0., 0., 0., 1.89295138e+02, 0. , 0., 0., 0.
50864868, 188.7858185 , 189.29513782, 189.29446718, 3.54282046e-04),
(8.80e+02, 0., 0., 0., 0., 1.59711534e+02, 0. , 0., 0., 0.
—50009013, 159.2106566 , 159.71153439, 159.71074673, 4.93175545e-04),
(9.20e+02, 0., 0., 0., 0., 1.54912199%e+02, 0. , 0., 0., 0.
49153158, 154.41976469, 154.91219927, 154.91129626, 5.82916597e-04),
(9.60e+02, 0., 0., 0., 0., 1.53348712e+02, 0. , 0., 0., 0.
48297303, 152.8647234 , 153.34871173, 153.34769643, 6.62088144e-04),
(1.00e+03, 0., 0., 0., 0., 1.22470337e+02, 0. , 0., 0., 0.
47441447, 121.99480078, 122.47033704, 122.46921525, 9.15973800e-04),
(1.04e+03, 0., 0., 0., 0., 1.22428683e+02, 0. , 0., 0., 0.
46585592, 121.9616002 , 122.42868329, 122.42745612, 1.00236285e-03),
(1.08e+03, 0., 0., 0., 0., 1.22381264e+02, 0. , 0., 0., 0.
45729737, 121.92263707, 122.38126375, 122.37993444, 1.08621048e-03),
(1.12e+03, 0., 0., 0., 0., 1.22333850e+02, 0. , 0., 0., 0.
44873881, 121.88368331, 122.33385014, 122.33242212, 1.16731720e-03),
(1.16e+03, 0., 0., 0., 0., 1.22274162e+02, 0. , 0., 0., 0.
44018026, 121.83245857, 122.27416212, 122.27263883, 1.24580486e-03),
(1.20e+03, 0., 0., 0., 0., 1.22222909%e+02, 0. , 0., 0., 0.
43162171, 121.78967189, 122.22290873, 122.2212936 , 1.32147141e-03),
(1.24e+03, 0., 0., 0., 0., 1.22175517e+02, 0. , 0., 0., 0.
42306316, 121.75075005, 122.17551675, 122.17381321, 1.39435034e-03),
(1.28e+03, 0., 0., 0., 0., 1.22128131e+02, 0. , 0., 0., 0.4145046..
<, 121.71183756, 122.12813069, 122.12634217, 1.46447817e-03),
(1.32e+03, 0., 0., 0., 0., 1.22080751e+02, 0. , 0., 0., 0.
40594605, 121.67293442, 122.08075056, 122.07888047, 1.53185243e-03),
(1.36e+03, 0., 0., 0., 0., 1.22022484e+02, 0. , 0., 0., 0.3973875.
—, 121.62314831, 122.02248402, 122.0205358 , 1.59661237e-03),
(1.40e+03, 0., 0., 0., 0., 1.21761590e+02, 0. , 0., 0., 0.
38882895, 121.3707379 , 121.76158975, 121.75956685, 1.66137130e-03),
(1.44e+03, 0., 0., 0., 0., 1.15127548e+02, 0. , 0., 0., 0.
38027039, 114.74518428, 115.1275483 , 115.12545468, 1.81853759%e-03),
(1.48e+03, 0., 0., 0., 0., 1.06834995e+02, 0. , 0., 0., 0.
37171184, 106.46112218, 106.83499475, 106.83283402, 2.02250892e-03),
(1.52e+03, 0., 0., 0., 0., 1.28387162e+02, 128.0217841 , 0., 0., 0.
36315329, 0. , 128.3871623 , 128.38493739, 1.73299045e-03),
(1.56e+03, 0., 0., 0., 0., 1.39350694e+02, 138.99381474, 0., 0., 0.
35459473, 0. , 139.35069441, 139.34840947, 1.63971258e-03),
(1.60e+03, 0., 0., 0., 0., 1.36845580e+02, 136.4972012 , 0., 0., 0.
—34603618, 0. , 136.84557981, 136.84323738, 1.71174694e-03),
(1.64e+03, 0., 0., 0., 0., 1.34699461e+02, 134.35958704, 0., 0., 0.
33747763, 0. , 134.69946073, 134.69706466, 1.77884019e-03),
(1.68e+03, 0., 0., 0., 0., 1.31576180e+02, 131.24481479, 0., 0., 0.
32891908, 0. , 131.57617996, 131.57373387, 1.85908572e-03),
(1.72e+03, 0., 0., 0., 0., 1.23457194e+02, 123.13434058, 0., 0., 0.
32036052, 0. , 123.45719445, 123.4547011 , 2.01962857e-03),
(1.76e+03, 0., 0., 0., 0., 1.14317874e+02, 114.00353442, 0., 0., 0.
31180197, 0. , 114.31787365, 114.31533639, 2.21950275e-03),
(1.80e+03, 0., 0., 0., 0., 1.10420694e+02, 110.11487407, 0., 0., 0.
30324342, 0. , 110.42069432, 110.41811749, 2.33367700e-03),
(1.84e+03, 0., 0., 0., 0., 1.05703327e+02, 105.40602911, 0., 0., 0.
(continues on next page)
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29468487, 0. , 105.7033274 , 105.70071398, 2.47244563e-03),

(1.88e+03, 0., 0., 0., 0., 9.53779221e+01, 95.08914871, 0., 0., 0.
—28612631, 0. ) 95.37792207, 95.37527503, 2.77535835e-03),

(1.92e+03, 0., 0., 0., 0., 9.49750001e+01, 94.69475504, 0., 0., 0.
—27756776, 0. , 94.97500009, 94.9723228 , 2.81897970e-03),

(1.96e+03, 0., 0., 0., 0., 9.00448429e+01, 89.77312957, 0., 0., 0.
26900921, 0. ) 90.0448429 , 90.04213878, 3.00312769e-03),

(2.00e+03, O., 0., 0., 0., 8.60426727e+01, 85.77949492, 0., 0., 0.
—26045065, 0. ) 86.04267268, 86.03994557, 3.16952968e-03),

(2.04e+03, 0., 0., 0., 0., 7.93212676e+01, 79.06662935, 0., 0., 0.2518921,,
Sy 0. , 79.3212676 , 79.31852145, 3.46212104e-03),

(2.08e+03, 0., 0., 0., 0., 7.92621596e+01, 79.01606345, 0., 0., 0.
24333355, 0. ) 79.26215964, 79.259397 , 3.48550200e-03),

(2.12e+03, 0., 0., 0., 0., 7.93077233e+01, 79.07017251, 0., 0., 0.234775 .
Sy 0. , 79.30772334, 79.30494751, 3.50012862e-03),

(2.16e+03, 0., 0., 0., 0., 7.46733681e+01, 74.44436606, 0., 0., 0.
—22621644, 0. , 74.67336811, 74.67058251, 3.73045242e-03),

(2.20e+03, 0., 0., 0., 0., 6.81917326e+01, 67.97128273, 0., 0., 0.
—21765789, 0. ) 68.19173259, 68.18894062, 4.09438250e-03),

(2.24e+03, 0., 0., 0., 0., 6.52627430e+01, 65.05084871, 0., 0., 0.
—20909934, 0. , 65.26274298, 65.25994805, 4.28268329e-03),

(2.28e+03, 0., 0., 0., 0., 6.38805832e+01, 63.67724795, 0., 0., 0.
—20054079, 0. ) 63.88058323, 63.87778874, 4.37465570e-03),

(2.32e+03, 0., 0., 0., 0., 6.40791861e+01, 63.8844137 , 0., 0., 0.
—19198223, 0. ) 64.07918605, 64.07639593, 4.35427472e-03),

(2.36e+03, 0., 0., 0., 0., 6.42407922e+01, 64.05458652, 0., 0., 0.
—18342368, 0. ) 64.2407922 64.2380102 , 4.33067676e-03),

(2.40e+03, 0., 0., 0., 0., 6.37004030e+01, 63.52276663, 0., 0., 0.
17486513, 0. ) 63.70040299, 63.69763176, 4.35050707e-03),

(2.44e+03, 0., 0., 0., 0., 5.95622453e+01, 59.39318153, 0., 0., 0.
—16630658, 0. , 59.56224528, 59.55948811, 4.62916709%e-03),

(2.48e+03, 0., 0., 0., 0., 5.72334154e+01, 57.07292771, 0., 0., 0.
—15774802, 0. , 57.23341545, 57.23067573, 4.78702424e-03),

(2.52e+03, 0., 0., 0., 0., 5.09521020e+01, 50.80019371, 0., 0., 0.
—14918947, 0. ) 50.95210203, 50.94938318, 5.33623414e-03),

(2.56e+03, 0., 0., 0., 0., 4.94726100e+01, 49.32928447, 0., 0., 0.
—14063092, 0. , 49.47260998, 49.46991539, 5.44677831e-03)1,

dtype=[('totim', '<£f8'), ('GWF_IN', '<£8'), ('INFILTRATION_IN', '<£f8'), ('REJ]-

—INF_IN', '<f8'), ('UZET_IN', '<£8'), ('STORAGE_IN', '<f8'), ('GWF_OUT', '<f8'), (
— 'INFILTRATION_OUT', '<£8'), ('REJ-INF_OUT', '<f8'), ('UZET_OUT', '<f8'), ('STORAGE_OUT
~"', '<f8"'), ('TOTAL_IN', '<f8'), ('TOTAL_OUT', '<f8'), ('PERCENT_DIFFERENCE', '<f8')])

uzf_conv = uzf.output.package_convergence()
if uzf_conv is not None:
uzf_conv.data[0:10]

uzf_obs = uzf.output.obs()
uzf_obs.data[0:10]

rec.array([( 2., 0.05, 0.05, 0.),
(6., 0.05, 0.05, 0.),
(10., 0.05, 0.05, 0.),

( 4., 0.05, 0.05,
(8., 0.05, 0.05,
(12., 0.05, 0.05,

(=A==
[ R
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(14., 0.05, 0.05, 0.), (16., 0.05, 0.05, 0.),
(18., 0.05, 0.05, 0.), (20., 0.05, 0.05, 0.)],
dtype=[('totim', '<f8'), ('ID3_DPTH=8.0', '<f8'), ('ID3_DPTH=24.0', '<f8'), (
< 'ID3_RCH', '<f8")1)

Check which output types are available in a package

The .output attribute also has a methods() function that returns a list of available output functions for a given
package. Here are a couple of examples

print ("UZF package: ", uzf.output.methods())
print("Model object: ", ml.output.methods())
print("0C package: ", ml.oc.output.methods())
print("DIS package: ", ml.dis.output.methods())

UZF package: ['zonebudget()', 'budget()', 'budgetcsv()', 'package_convergence()', 'obs(Q)
']

Model object: ['list()', 'zonebudget()', 'budget()', 'budgetcsv()', 'head()']

0C package: ['list()', 'zonebudget()', 'budget()', 'budgetcsv()', 'head()']

DIS package: None

Managing multiple observation and csv file outputs in the same package

For many packages, multiple observation output files can be used. The obs() and csv() functions allow the user to
specify a observation file or csv file name. If no name is specified, the obs () and csv() methods will return the first
file that is listed in the package.

output = ml.obs[0].output
obs_names = output.obs_names
output.obs(f=obs_names[0]) .data[0:10]

rec.array([( 2., 0.05, 0.05, 0.), ( 4., 0.05, 0.05, 0.),
(6., .05, 0.05, 0.), ( 8., 0.05, 0.05, 0.),
(10., 0.05, 0.05, 0.), (12., 0.85, 0.085, 0.),
(14., 0.05, 0.05, 0.), (16., 0.65, 0.05, 0.),
(18., 0.05, 0.05, 0.), (20., 0.85, 0.05, 0.)],
dtype=[('totim', '<f8'), ('ID3_DPTH=8.0', '<f8'), ('ID3_DPTH=24.0', '<f8'), (

—'"ID3_RCH', '<f8")1])

Creating and running ZoneBudget for MF6

For the model and many packages, zonebudget can be run on the cell budget file. The . output method allows the user
to easily build a ZoneBudget6 instance, then run the model, and view output. First we’ll build a layered zone array,
then build and run zonebudget

zarr = np.ones(ml.modelgrid.shape, dtype=int)
for i in range(l, 4):
zarr[i - 1] *=1i
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zonbud = ml.output.zonebudget(zarr)
zonbud. change_model_ws(sim_ws)
zonbud.write_input()

zonbud. run_model ()

FloPy is using the following executable to run the model:

—modflow/zbud6
ZONEBUDGET Version 6
U.S. GEOLOGICAL SURVEY
VERSION 6.4.2 06/28/2023

Normal Termination

(True, [1D
df = zonbud.get_dataframes(net=True)
df = df.reset_index()
df
totim name ZONE_1 ZONE_2 ZONE_3

0 2.0 ZONE_O® 0.0 0.000000e+00 0.000000e+00
1 2.0 ZONE_1 0.0 0.000000e+00 0.000000e+00
2 2.0 ZONE_2 0.0 0.000000e+00 0.000000e+00
3 2.0 ZONE_3 0.0 0.000000e+00 0.000000e+00
4 4.0 ZONE_® 0.0 0.000000e+00 0.000000e+00
355 2520.0 ZONE_3 0.0 0.000000e+00 0.000000e+00
356 2560.0 ZONE_O 0.0 0.000000e+00 0.000000e+00
357 2560.0 ZONE_1 0.0 0.000000e+00 0.000000e+00
358 2560.0 ZONE_2 0.0 0.000000e+00 -5.684342e-10
359 2560.0 ZONE_3 0.0 5.684342e-10 0.000000e+00
[360 rows x 5 columns]
try:

temp_dir.cleanup()
except:

# prevent windows permission error

pass

5.2.13 SFR2 package loading and querying
import os

import sys

# run installed version of flopy or add local path
try:

import flopy
except:

fpth = os.path.abspath(os.path.join("..", ".."))

../../home/runner/.local/bin/

(continues on next page)
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sys.path.append(£fpth)
import flopy

print(sys.version)
print (f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

Create a model instance

m = flopy.modflow.Modflow()

Read the SFR2 file

f = os.path.join(

"o, "L, "examples", "data", "mf2005_test", "testsfr2_tab_ICALC2.sfr"
)
stuff = open(f).readlines()

stuff

['# SFR2 Package input file for hypothetical test simulation\n',

'# Test of SFR2 Package; revised October 1, 2011\n',

'# Example for using keyword options\n',

'# Stress period inflow rates are now specified in testsfr2_tab.tab TRANSROUTE\n',
'REACHINPUT \n',

'TABFILES 1 50\n',

'100 1 0 O 1.0 0.00001 -1 0520520 O 1 0.7 0.0001 Item 1: NSTRM NSS.
—NSFRPAR NPARSEG CONST DLEAK ISTCB1 ISTCB2 {ISFROPT} {NSTRAIL} {ISUZN} {NSFRSETS}\n',
! 1 4 1 1 1 200.0 \n',
! 1 4 2 1 2 200.0 \n',
! 1 4 3 1 3  200.0 \n',
! 1 4 4 1 4 200.0 \n',
! 1 4 5 1 5 200.0 \n',
! 1 4 6 1 6 200.0 \n',
! 1 4 7 1 7 200.0 \n',
! 1 4 8 1 8 200.0 \n',
! 1 4 9 1 9 200.0 \n',
! 1 4 10 1 10 200.0 \n',
! 1 4 11 1 11 200.0 \n',
! 1 4 12 1 12 200.0 \n',
! 1 4 13 1 13 200.0 \n',
! 1 4 14 1 14 200.0 \n',
! 1 4 15 1 15 200.0 \n',
! 1 4 16 1 16 200.0 \n',
! 1 4 17 1 17 200.0 \n',
! 1 4 18 1 18 200.0 \n',
! 1 4 19 1 19 200.0 \n',
! 1 4 20 1 20 200.0 \n',
! 1 4 21 1 21 200.0 \n',
! 1 4 22 1 22 200.0 \n',
! 1 4 23 1 23 200.0 \n',

(continues on next page)
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Load the SFR2 file

sfr = flopy.modflow.ModflowSfr2.load(f, m, nper=50)

sfr.segment_data.keys()

dict_keys([0])

Query the reach data in the SFR2 file

sfr.reach_data

rec.array([(0, O, 3, O, 1, 1, 200., 0., 0., 0., 0., 0., 0., 0., 0., 1, ®,
©®, 0, 3, 1, 1, 2, 200., 0., 0., 0., 0., 0., 0., 0., 0., 2, ®,
@, o, 3, 2,1, 3, 200., 0., 6., 0., 0., 0., 0., 0., 0., 3, O,
@®, o, 3, 3,1, 4, 200., 0., 0., 0., 0., 0., 0., 0., 0., 4, 9),
@, 0, 3, 4,1, 5, 200., 0., 0., 0., 0., 0., 0., 0., 0., 5, 0),
@0, 0, 3, 5,1, 6, 200., 0., 0., 0., 0., 0., 0., 0., 0., 6, 0,

(continues on next page)
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6, 0, 3, 6,1, 7, 200., 0., 0., 0., 0., 0., 0., 0., 0., 7, 0,
o, 0, 3, 7,1, 8, 200., 0., 0., 0., 0., 0., 0., 0., 0., 8, 0,
o, 0, 3, 8,1, 9, 200., 0., 0., 0., 0., 0., 0., 0., 0., 9, 9,
¢, o, 3, 9,1, 10, 200., 0., 0., 0., 0., 0., 0., 0., 0., 10, 0,
(o, 0, 3, 10, 1, 11, 200., 0., 0., 0., 0., 0., 0., 0., 0., 11, 0),
o, 0, 3, 11, 1, 12, 200., 0., 0., 0., 0., 0., 0., 0., 0., 12, 0),
o, 0, 3, 12, 1, 13, 200., 0., 0., 0., 0., 0., 0., 0., 0., 13, 0),
¢, o, 3, 13, 1, 14, 200., 0., 0., 0., 0., 0., 0., 0., 0., 14, 0),
(6, 6, 3, 14, 1, 15, 200., 0., 0., 0., 0., 0., 0., 0., 0., 15, 0),
o, 0, 3, 15, 1, 16, 200., 0., 0., 0., 0., 0., 0., 0., 0., 16, 0),
(6, o, 3, 16, 1, 17, 200., 0., 0., 0., 0., 0., 0., 0., 0., 17, 0),
, o, 3, 17, 1, 18, 200., 0., 0., 0., 0., 0., 0., 0., 0., 18, 0),
(6, 6, 3, 18, 1, 19, 200., 0., 0., 0., 0., 0., 0., 0., 0., 19, 0,
¢, 6, 3, 19, 1, 20, 200., 0., 0., 0., 0., 0., 0., 0., 0., 20, 0,
(o, 0, 3, 20, 1, 21, 200., 0., 0., 0., 0., 0., 0., 0., 0., 21, 0),
o, o, 3, 21, 1, 22, 200., 0., 0., 0., 0., 0., 0., 0., 0., 22, 0),
o, o, 3, 22, 1, 23, 200., 0., 0., 0., 0., 0., 0., 0., 0., 23, 0,
o, 0, 3, 23, 1, 24, 200., 0., 0., 0., 0., 0., 0., 0., 0., 24, 0),
o, 0, 3, 24, 1, 25, 200., 0., 0., 0., 0., 0., 0., 0., 0., 25, 0),
6, 0, 3, 25, 1, 26, 200., 0., 0., 0., 0., 0., 0., 0., 0., 26, 0),
(o, o, 3, 26, 1, 27, 200., 0., 0., 0., 0., 0., 0., 0., 0., 27, 0),
o, o, 3, 27, 1, 28, 200., 0., 0., 0., 0., 0., 0., 0., 0., 28, 0),
o, 0, 3, 28, 1, 29, 200., 0., 0., 0., 0., 0., 0., 0., 0., 29, 0),
o, 0, 3, 29, 1, 30, 200., 0., 0., 0., 0., 0., 0., 0., 0., 30, 0,
o, 0, 3, 30, 1, 31, 200., 0., 0., 0., 0., 0., 0., 0., 0., 31, 0,
o, 0, 3, 31, 1, 32, 200., 0., 0., 0., 0., 0., 0., 0., 0., 32, 0),
o, o, 3, 32, 1, 33, 200., 0., 0., 0., 0., 0., 0., 0., 0., 33, 0,
(o, o, 3, 33, 1, 34, 200., 0., 0., 0., 0., 0., 0., 0., 0., 34, 0,
(o, 0, 3, 34, 1, 35, 200., 0., 0., 0., 0., 0., 0., 0., 0., 35, 0,
o, 0, 3, 35, 1, 36, 200., 0., 0., 0., 0., 0., 0., 0., 0., 36, 0,
(6, 0, 3, 36, 1, 37, 200., 0., 0., 0., 0., 0., 0., 0., 0., 37, 0),
(o, o, 3, 37, 1, 38, 200., 0., 0., 0., 0., 0., 0., 0., 0., 38, 0,
(o, o, 3, 38, 1, 39, 200., 0., 0., 0., 0., 0., 0., 0., 0., 39, 0,
(6, 0, 3, 39, 1, 40, 200., 0., 0., 0., 0., 0., 0., 0., 0., 40, 0),
(6, 6, 3, 40, 1, 41, 200., 0., 0., 0., 0., 0., 0., 0., 0., 41, 0,
(6, 0, 3, 41, 1, 42, 200., 0., 0., 0., 0., 0., 0., 0., 0., 42, 0,
(6, 0, 3, 42, 1, 43, 200., 0., 0., 0., 0., 0., 0., 0., 0., 43, 0),
(6, 0, 3, 43, 1, 44, 200., 0., 0., 0., 0., 0., 0., 0., 0., 44, 0,
(6, 0, 3, 44, 1, 45, 200., 0., 0., 0., 0., 0., 0., 0., 0., 45, 0),
(6, 0, 3, 45, 1, 46, 200., 0., 0., 0., 0., 0., 0., 0., 0., 46, 0),
(6, 0, 3, 46, 1, 47, 200., 0., 0., 0., 0., 0., 0., 0., 0., 47, 0,
(6, 0, 3, 47, 1, 48, 200., 0., 0., 0., 0., 0., 0., 0., 0., 48, 0),
(6, 0, 3, 48, 1, 49, 200., 0., 0., 0., 0., 0., 0., 0., 0., 49, 0,
(6, 0, 3, 49, 1, 50, 200., 0., 0., 0., 0., 0., 0., 0., 0., 50, 0),
o, 0, 3, 50, 1, 51, 200., 0., 0., 0., 0., 0., 0., 0., 0., 51, 0,
6, 6, 3, 51, 1, 52, 200., 0., 0., 0., 0., 0., 0., 0., 0., 52, 0),
6, 0, 3, 52, 1, 53, 200., 0., 0., 0., 0., 0., 0., 0., 0., 53, 0),
(6, 0, 3, 53, 1, 54, 200., 0., 0., 0., 0., 0., 0., 0., 0., 54, 0),
(6, 0, 3, 54, 1, 55, 200., 0., 0., 0., 0., 0., 0., 0., 0., 55, 0),
(o, 0, 3, 55, 1, 56, 200., 0., 0., 0., 0., 0., 0., 0., 0., 56, 0),
o, 0, 3, 56, 1, 57, 200., 0., 0., 0., 0., 0., 0., 0., 0., 57, 0,
o, o, 3, 57, 1, 58, 200., 0., 0., 0., 0., 0., 0., 0., 0., 58, 0,
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(o, o, 3, 58, 1, 59, 200., 0., 0., 0., 0., 0., 0., 0., 0., 59, 0,
(6, 0, 3, 59, 1, 60, 200., 0., 0., 0., 0., 0., 0., 0., 0., 60, 0),
(0, 0, 3, 60, 1, 61, 200., 0., 0., 0., 0., 0., 0., 0., 0., 61, 0,
(6, 0, 3, 61, 1, 62, 200., 0., 0., 0., 0., 0., 0., 0., 0., 62, 0),
(6, 0, 3, 62, 1, 63, 200., 0., 0., 0., 0., 0., 0., 0., 0., 63, 0),
(6, 0, 3, 63, 1, 64, 200., 0., 0., 0., 0., 0., 0., 0., 0., 064, 0,
(6, 0, 3, 64, 1, 65, 200., 0., 0., 0., 0., 0., 0., 0., 0., 65, 0),
0, 0, 3, 65, 1, 66, 200., 0., 0., 0., 0., 0., 0., 0., 0., 66, 0),
(0, 0, 3, 66, 1, 67, 200., 0., 0., 0., 0., 0., 0., 0., 0., 67, 0),
(6, 0, 3, 67, 1, 68, 200., 0., 0., 0., 0., 0., 0., 0., 0., 68, 0),
(6, o, 3, 68, 1, 69, 200., 0., 0., 0., 0., 0., 0., 0., 0., 69, 0,
(o, o, 3, 69, 1, 70, 200., 0., 0., 0., 0., 0., 0., 0., 0., 70, 0),
(6, 0, 3, 70, 1, 71, 200., 0., 0., 0., 0., 0., 0., 0., 0., 71, 0),
¢, o, 3, 71, 1, 72, 200., 0., 0., 0., 0., 0., 0., 0., 0., 72, 0),
o, o, 3, 72, 1, 73, 200., 0., 0., 0., 0., 0., 0., 0., 0., 73, 0),
6, 0, 3, 73, 1, 74, 200., 0., 0., 0., 0., 0., 0., 0., 0., 74, 0),
(6, o, 3, 74, 1, 75, 200., 0., 0., 0., 0., 0., 0., 0., 0., 75, 0),
, o, 3, 75, 1, 76, 200., 0., 0., 0., 0., 0., 0., 0., 0., 76, 0),
, o, 3, 76, 1, 77, 200., 0., 0., 0., 0., 0., 0., 0., 0., 77, 0),
¢, o, 3, 77, 1, 78, 200., 0., 0., 0., 0., 0., 0., 0., 0., 78, 0),
(6, o, 3, 78, 1, 79, 200., 0., 0., 0., 0., 0., 0., 0., 0., 79, 0),
6, 0, 3, 79, 1, 80, 200., 0., 0., 0., 0., 0., 0., 0., 0., 80, 0),
(6, o, 3, 8, 1, 81, 200., 0., 0., 0., 0., 0., 0., 0., 0., 81, 0),
(6, o, 3, 81, 1, 82, 200., 0., 0., 0., 0., 0., 0., 0., 0., 82, 0),
o, 0, 3, 82, 1, 83, 200., 0., 0., 0., 0., 0., 0., 0., 0., 83, 0,
(6, 6, 3, 83, 1, 84, 200., 0., 0., 0., 0., 0., 0., 0., 0., 84, 0),
(6, o, 3, 84, 1, 85, 200., 0., 0., 0., 0., 0., 0., 0., 0., 85, 0,
(o, o, 3, 8, 1, 86, 200., 0., 0., 0., 0., 0., 0., 0., 0., 86, 0),
o, 0, 3, 8, 1, 87, 200., 0., 0., 0., 0., 0., 0., 0., 0., 87, 0,
o, 0, 3, 87, 1, 88, 200., 0., 0., 0., 0., 0., 0., 0., 0., 88, 0,
(6, o, 3, 8, 1, 89, 200., 0., 0., 0., 0., 0., 0., 0., 0., 89, 0,
(6, o, 3, 89, 1, 90, 200., 0., 0., 0., 0., 0., 0., 0., 0., 90, 0,
(o, o, 3, 9%, 1, 91, 200., 0., 0., 0., 0., 0., 0., 0., 0., 91, 0,
o, 0, 3, 91, 1, 92, 200., 0., 0., 0., 0., 0., 0., 0., 0., 92, 0),
¢, o, 3, 92, 1, 93, 200., 0., 0., 0., 0., 0., 0., 0., 0., 93, 0,
o, 0, 3, 93, 1, 94, 200., 0., 0., 0., 0., 0., 0., 0., 0., 94, 0,
(6, 0, 3, 94, 1, 95, 200., 0., 0., 0., 0., 0., 0., 0., 0., 095, 0,
(6, o, 3, 95, 1, 96, 200., 0., 0., 0., 0., 0., 0., 0., 0., 96, 0),
(o, o, 3, %, 1, 97, 200., 0., 0., 0., 0., 0., 0., 0., 0., 97, 0,
o, o, 3, 97, 1, 98, 200., 0., 0., 0., 0., 0., 0., 0., 0., 98, 0,
o, 0, 3, 98, 1, 99, 200., 0., 0., 0., 0., 0., 0., 0., 0., 99, 0,
6, 0, 3, 99, 1, 100, 200., 0., 0., 0., 0., 0., 0., 0., 0., 100, O],

dtype=[('node', '<i8'), ('k', '<i8"), ('i', '<i8"), ('j', '<i8'), ('iseg', '<i8
~"), ('ireach', '<i8'), ('rchlen', '<f4'), ('strtop', '<f4'), ('slope', '<f4"'), (
~'strthick', '<f4'), ('strhcl', '<f4'), ('thts', '<f4'), ('thti', '<f4'), ('eps',6 '<f4
—"), ('uhc', '<f4"'"), ('reachID', '<i8'), ('outreach', '<i8')])

Query the channel flow data in the SFR2 file

[8]: sfr.channel_flow_data
[8]: {3
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Query the channel geometry data in the SFR2 file

[9]: sfr.channel_geometry_data

[97: {0: {1: [[0.0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0],
[6.0, 4.5, 3.5, 0.0, 0.3, 3.5, 4.5, 6.0]1]1}}

Query dataset 5 data in the SFR2 file

[10]: sfr.dataset_5
[10]: {6: [1, 0, 0, 0],

1: [-1, 0, 0, O],

2: [-1, 0, 0, 0],

3: [-1, 0, O, O],

4: [-1, 0, O, 0],

5: [-1, ®, 0, O],

6: [-1, 0, 0, 0],

7: [-1, 0, 0, 0],

8: [-1, &, 0, 0],

9: [-1, 0, 0, 0],

10: [-1, ®, 0, 0],
11: [-1, ®, 0, 0],
12: [-1, ®, 0, 0],
13: [-1, 0, 0, O],
14: [-1, 0, 0, O],
15: [-1, 0, O, O],
16: [-1, 0, 0, 0],
17: [-1, 0, 0, 0],
18: [-1, ®, 0, 0],
19: [-1, 0, O, O],
20: [-1, 0, O, 0],
21: [-1, ®, O, 0],
22: [-1, 0, 0, 0],
23: [-1, 0, 0, 0],
24: [-1, 0, 0, 0],
25: [-1, 0, 0, 0],
26: [-1, 0, 0, 0],
27: [-1, 0, 0, 0],
28: [-1, 0, 0, 0],
29: [-1, 0, 0O, 0],
30: [-1, ®, 0, 0],
31: [-1, &, 0, 0],
32: [-1, 0, 0, 0],
33: [-1, 0, 0, 0],
34: [-1, 0, 0, 0],
35: [-1, &, O, 0],
36: [-1, ®, 0, 0],
37: [-1, 0, 0, 0],
38: [-1, 0, 0, 0],
39: [-1, 0, O, O],
40: [-1, 0, O, 0],
41: [-1, 0, O, 0],
42: [-1, O, O, O],
43: [-1, 0, 0, 0],

(continues on next page)
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44: [-1, 0, 0, 0],
45: [-1, 0, O, 0],
46: [-1, 0, 0, 0],
47: [-1, 0, 0, 0],
48: [-1, 0, 0, 0],
49: [-1, 0, O, 0]}

(continued from previous page)

Query the TABFILES dictionary in the SFR2 object to determine the TABFILES data in the SFR2 file

sfr.tabfiles_dict

{1: {'numval': 50, 'inuit': 55}}

sfr.tabfiles

True

5.2.14 Unconfined steady-state flow model

This tutorial demonstrates a simple MODFLOW 6 model with FloPy.

Getting Started

from pathlib import Path
from tempfile import TemporaryDirectory

import matplotlib.pyplot as plt
import numpy as np

import flopy

We are creating a square model with a specified head equal to hl along the edge of the model in layer 1. A well is
located in the center of the upper-left quadrant in layer 10. First, set the name of the model and the parameters of the
model: the number of layers Nlay, the number of rows and columns N, lengths of the sides of the model L, aquifer

thickness H, hydraulic conductivity k, and the well pumping rate q.

hl = 100
Nlay = 10
N = 101

L = 400.0
H = 50.0
k=1.0

q = -1000.0

5.2. MODFLOW 6
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Create the Flopy Model Objects

One big difference between MODFLOW 6 and previous MODFLOW versions is that MODFLOW 6 is based on the

concept of a simulation. A simulation consists of the following:

» Temporal discretization (TDIS)

¢ One or more models

 Zero or more exchanges (instructions for how models are coupled)

e Solutions

For this simple example, the simulation consists of the temporal discretization (TDIS) package, a groundwater flow
(GWF) model, and an iterative model solution (IMS), which controls how the GWF model is solved.

Create a temporary workspace, then the FloPy simulation object

temp_dir = TemporaryDirectory()
workspace = Path(temp_dir.name)
name = "tutorial®1l_mf6"

sim = flopy.mf6.MFSimulation(

sim_name=name, exe_name="mf6", version="mf6", sim_ws=workspace

)

Create the Flopy TDIS object

tdis = flopy.mf6.ModflowTdis(

sim, pname="tdis", time_units="DAYS", nper=1, perioddata=[(1.0, 1,

)

Create the Flopy IMS Package object

ims = flopy.mf6.ModflowIms(
sim,
pname="ims",
complexity="SIMPLE",
linear_acceleration="BICGSTAB",

)

Create the Flopy groundwater flow (gwf) model object

model_nam_file = f"{name}.nam"

gwf = flopy.mf6.ModflowGwf(
sim,
modelname=name,
model_nam_file=model_nam_file,
save_flows=True,
newtonoptions="NEWTON UNDER_RELAXATION",

1.00]
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Now that the overall simulation is set up, we can focus on building the groundwater flow model. The groundwater flow
model will be built by adding packages to it that describe the model characteristics.

Create the discretization (DIS) Package

Define the discretization of the model. All layers are given equal thickness. The bot array is build from H and the Nlay
values to indicate top and bottom of each layer, and delrow and delcol are computed from model size L and number
of cells N. Once these are all computed, the Discretization file is built.

bot = np.linspace(-H / Nlay, -H, Nlay)
delrow = delcol =L / (N - 1)
dis = flopy.mf6.ModflowGwfdis(

gwf,

nlay=Nlay,

nrow=N,

ncol=N,

delr=delrow,

delc=delcol,

top=0.0,

botm=bot,

Create the initial conditions (IC) Package

start = hl * np.ones((Nlay, N, N))
ic = flopy.mf6.ModflowGwfic(gwf, pname="ic", strt=start)

Create the node property flow (NPF) Package

npf = flopy.mf6.ModflowGwinpf
guf,
icelltype=1,
k=k,

Create the constant head (CHD) Package

List information is created a bit differently for MODFLOW 6 than for other MODFLOW versions. The cellid (layer,
row, column, for a regular grid) can be entered as a tuple as the first entry. Remember that these must be zero-based
indices!

chd_rec = []

layer = 0

for row_col in range(®, N):
chd_rec.append(((layer, row_col, 0), hl))
chd_rec.append(((layer, row_col, N - 1), hl))
if row_col != 0 and row_col != N - 1:

(continues on next page)
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chd_rec.append(((layer, 0, row_col), hl))
chd_rec.append(((layer, N - 1, row_col), hl))
chd = flopy.mf6.ModflowGwfchd(
gwt,
stress_period_data=chd_rec,

)

The CHD Package stored the constant heads in a structured array, also called a numpy . recarray. We can get a pointer
to the recarray for the first stress period (iper = 0) as follows.

[13]: iper = 0O
ra = chd.stress_period_data.get_data(key=iper)
ra

[13]: rec.array([((0, O, 0), 160), ((6, 0, 100), 100), ((0, 1, 0), 160),
(9, 1, 100), 100), ((0, 0, 1), 100), ((0, 160, 1), 160),
(o, 2, ®, 1600), ((0, 2, 100), 100), ((O, 0, 2), 100),
(0, 100, 2), 160), ((0, 3, 0, 100), ((0, 3, 100), 100),
(9, 0, 3), 100), ((0, 100, 3), 100), ((O, 4, 0), 100),
(0, 4, 160), 100), ((0, 0, 4), 100), ((0, 160, 4), 100),
(o, 5, 0, 160), ((0, 5, 180), 100), (0, 0, 5), 100),
(0, 100, 5), 160), ((0, 6, 0), 100), ((0, 6, 100), 100),
(9, 0, 6), 1600), ((0, 100, 6), 100), ((O, 7, 0), 100),
(9, 7, 1600), 100), ((0, 0, 7), 100), ((0, 100, 7), 160),
(0, 8, 0), 100), ((0, 8, 100), 100), ((0, 0, 8), 100),
(0, 100, 8), 100), ((0, 9, ), 100), ((®, 9, 100), 160),
(9, 0, 9, 1600), ((0, 100, 9), 100), ((0, 10, 0), 160),
(9, 10, 100), 100), ((0, 0, 16), 100), ((0, 100, 10), 160),
(o, 11, ®, 100), ((0, 11, 100), 160), ((0, 0, 11), 160),
((0, 100, 11), 100), ((0, 12, ®), 100), ((0, 12, 100), 100),
(o, 0, 12), 100), ((0, 100, 12), 160), ((0, 13, 0), 160),
(9, 13, 100), 100), ((0, 0, 13), 100), ((0, 100, 13), 160),
(9, 14, ®, 100), ((0, 14, 100), 160), ((0, 0, 14), 160),
(0, 100, 14), 100), ((0, 15, ®), 100), ((0, 15, 100), 160),
(9, 0, 15), 100), ((0, 100, 15), 100), ((0, 16, 0), 100),
(9, 16, 100), 100), ((0, 0, 16), 100), ((0, 100, 16), 160),
o, 17, ®, 100), ((0, 17, 100), 160), ((0, 0, 17), 160),
(0, 100, 17), 100), ((0, 18, ®), 100), ((0, 18, 100), 160),
(9, 0, 18), 100), ((0, 100, 18), 160), ((0, 19, 0), 160),
((0, 19, 100), 100), ((0, 0, 19), 100), ((O, 100, 19), 160),
(9, 20, ®, 100), ((0, 20, 100), 100), ((0, 0, 20), 100),
(9, 100, 20), 100), ((0, 21, 6), 100), ((0, 21, 100), 160),
(9, 0, 21), 100), ((0, 100, 21), 160), ((0, 22, 0), 160),
(9, 22, 100), 100), ((0, 0, 22), 100), ((0, 100, 22), 160),
(9, 23, ®, 100), ((0, 23, 100), 100), ((0, 0, 23), 100),
((0, 100, 23), 100), ((0, 24, 0), 100), ((0, 24, 100), 100),
(9, 0, 24), 100), ((0, 100, 24), 160), ((0, 25, 0), 160),
(9, 25, 100), 100), ((0, 0, 25), 100), ((0, 100, 25), 160),
(9, 26, ®, 100), ((0, 26, 100), 100), ((0, 0, 26), 100),
((0, 100, 26), 100), ((0, 27, ®), 100), ((0, 27, 100), 1060),
(0, 0, 27), 100), ((0, 100, 27), 100), ((0, 28, 0), 160),
(9, 28, 100), 100), ((0, 6, 28), 100), ((0, 100, 28), 160),
(9, 29, ®, 100), ((0, 29, 100), 160), ((0, O, 29), 160),

(continues on next page)
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(o, 100, 68), 100>, ((0, 69, 0), 100), ((®, 69, 100), 100),
(o, 0, 69), 100), ((0, 100, 69), 100), ((O, 70, 0), 100),
(o, 70, 160), 100>, ((6, 0, 70), 100), ((®, 100, 70), 100),
(o, 71, 0, 100), (0, 71, 100), 160), (O, 0, 71), 100),
(o, 100, 71), 100>, ((0, 72, ©), 100), ((®, 72, 100), 100),
o, 0, 72), 100), ((0, 100, 72), 100), ((O, 73, 0), 100),
(o, 73, 100), 100>, ((0, O, 73), 100), ((®, 100, 73), 100),
(o, 74, 0, 100), ((0, 74, 100), 100), ((O, 0, 74), 100),
(o, 100, 74), 100>, ((0, 75, ©), 100), ((®, 75, 100), 100),
o, 0, 75), 100), ((0, 100, 75), 100), ((®, 76, 0), 100),
o, 76, 100), 100>, ((0, O, 76), 100), ((®, 100, 76), 100),
e, 77, 0, 100), (@O, 77, 100), 100), (O, 0, 77), 100),
(o, 100, 77), 100>, ((0, 78, 0, 100), ((®, 78, 100), 100),
(o, 0, 78), 100), ((®, 100, 78), 100), ((O®, 79, 0), 100),
(o, 79, 100), 100>, ((0, 0, 79), 100), ((®, 100, 79), 100),
(o, 80, 0, 100), ((®, 80, 100), 100), ((®, 0, 80), 100),
((o, 100, 806), 1600), ((06, 81, 0), 100), ((O6, 81, 160), 100),
(o, 6, 81), 100), ((6, 1600, 81), 100), ((0, 82, 0), 100),
(o, 82, 160), 100), ((0, O, 82), 100), ((®, 100, 82), 100),
(o, 83, 0, 100), ((®, 83, 100), 100), ((O, O, 83), 100),
(o, 100, 83), 100>, ((0, 84, 0), 100), ((®, 84, 100), 100),
(o, 0, 84), 100), ((0, 100, 84), 100), ((®, 85, 0), 100),
((o, 85, 160), 100>, ((0, ®, 85), 100), ((®, 100, 85), 100),
(o, 86, 0), 100), ((®, 86, 100), 100), ((®, 0, 86), 100),
((o, 100, 86), 100), ((6, 87, 0), 100), ((6, 87, 160), 100),
o, 0, 87), 100), ((0, 100, 87), 100), ((®, 88, 0), 100),
((o, 88, 100), 100>, ((0, ®, 88), 100), ((®, 100, 88), 100),
(Co, 89, 0, 100), ((®, 89, 100), 100), ((®, 0, 89), 100),
(Co, 100, 89), 100>, ((6, 90, 0), 100), ((®, 90, 100), 100),
(o, 0, 90), 100), ((0, 100, 90), 100), ((O, 91, 0), 100),
(o, 91, 100), 100>, ((0, O, 91), 100), ((®, 100, 91), 100),
o, 92, 0, 100), ((®, 92, 100), 100), ((®, 0, 92), 100),
(o, 1600, 92), 100), ((0, 93, 0), 100), ((6, 93, 160), 100),
(o, 0, 93), 100), ((0, 100, 93), 100), ((O, 94, 0, 100),
(o, 94, 1600), 100), ((6, O, 94), 100), ((®, 100, 94), 100),
(o, 95, 0, 100), ((®, 95, 100), 100), ((O, O, 95), 100),
(o, 100, 95), 100>, ((0, 96, 0), 100), ((®, 96, 100), 100),
(o, 0, 96), 100), ((0, 100, 96), 100), ((®, 97, 0, 100),
(o, 97, 100), 100>, ((0, O, 97), 100), ((®, 100, 97), 100),
(o, 98, 0, 100), ((®, 98, 100), 100), ((O, O, 98), 100),
(o, 100, 98), 100>, ((6, 99, 0), 100), ((O, 99, 100), 100),
o, 0, 99), 100), ((0, 100, 99), 100), ((0, 100, 0), 100),
(o, 1600, 1600), 100)1,
dtype=[('cellid', '0"'), ('head', '<i8')1])
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Create the well (WEL) Package

Add a well in model layer 10.

wel_rec = [(Nlay - 1, int(N / 4), int(N / 4), o]
wel = flopy.mf6.ModflowGwfwel (

gwt,

stress_period_data=wel_rec,

Create the output control (0C) Package

Save heads and budget output to binary files and print heads to the model listing file at the end of the stress period.

headfile = f"{name}.hds"
head_filerecord = [headfile]
budgetfile = f"{name}.cbb"
budget_filerecord = [budgetfile]
saverecord = [("HEAD", "ALL"), ("BUDGET", "ALL")]
printrecord = [("HEAD", "LAST")]
oc = flopy.mf6.ModflowGwfoc(
guf,
saverecord=saverecord,
head_filerecord=head_filerecord,
budget_filerecord=budget_filerecord,
printrecord=printrecord,

Create the MODFLOW 6 Input Files and Run the Model

Once all the flopy objects are created, it is very easy to create all of the input files and run the model.

Write the datasets

sim.write_simulation()

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims...
writing model tutorial®1_mf6...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package chd_0...
INFORMATION: maxbound in ('gwf6', 'chd', 'dimensions') changed to 400 based on size of.
—»stress_period_data
writing package wel 0...
INFORMATION: maxbound in ('gwf6', 'wel', 'dimensions') changed to 1 based on size of.

(continues on next page)
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-»stress_period_data
writing package oc...

Run the Simulation

We can also run the simulation from python, but only if the MODFLOW 6 executable is available. The executable can
be made available by putting the executable in a folder that is listed in the system path variable. Another option is to
just put a copy of the executable in the simulation folder, though this should generally be avoided. A final option is to
provide a full path to the executable when the simulation is constructed. This would be done by specifying exe_name
with the full path.

[17]: success, buff = sim.run_simulation()
assert success, "MODFLOW 6 did not terminate normally."

FloPy is using the following executable to run the model: ../../home/runner/.local/bin/
—modflow/mf6
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:34

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1

Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:36
Elapsed run time: 1.863 Seconds

Normal termination of simulation.
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Post-Process Head Results

First, a link to the heads file is created with using the .output.head() method on the groundwater flow model. The
link and the get_data method are used with the step number and period number for which we want to retrieve data.
A three-dimensional array is returned of size nlay, nrow, ncol. Matplotlib contouring functions are used to make
contours of the layers or a cross-section.

Read the binary head file and plot the results. We can use the Flopy .output.head() method on the groundwater
flow model object (gwf). Also set a few variables that will be used for plotting.

[18]: h = gwf.output.head() .get_data(kstpkper=(0, 0))
X = y = np.linspace(0®, L, N)
y = yl::-1]
vmin, vmax = 90.0, 100.0
contour_intervals = np.arange(90, 100.1, 1.0)

Plot a Map of Layer 1

[19]: fig = plt.figure(figsize=(6, 6))
ax = fig.add_subplot(l, 1, 1, aspect="equal')
c = ax.contour(x, y, h[0], contour_intervals, colors="black")
plt.clabel(c, fmt=" ")

[19]: <a list of 6 text.Text objects>
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Plot a Map of Layer 10

[20]: x =y = np.linspace(0, L, N)
y = yl::-1]
fig = plt.figure(figsize=(6, 6))
ax = fig.add_subplot(l, 1, 1, aspect="equal')
c = ax.contour(x, y, h[-1], contour_intervals, colors="black")
plt.clabel(c, fmt=" )

[20]: <a list of 11 text.Text objects>
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Plot a Cross-section along row 25

[21]: z = np.linspace(-H / Nlay / 2, -H + H / Nlay / 2, Nlay)
fig = plt.figure(figsize=(9, 3))
ax = fig.add_subplot(l, 1, 1, aspect="auto")
c = ax.contour(x, z, h[:, int(N / 4), :], contour_intervals, colors="black")
plt.clabel(c, fmt=" "

[21]: <a list of 15 text.Text objects>
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Use the FloPy PlotMapView() capabilities for MODFLOW 6

Plot a Map of heads in Layers 1 and 10

[22]: fig, axes = plt.subplots(2, 1, figsize=(6, 12), constrained_layout=True)
# first subplot
ax = axes[0]
ax.set_title("Model Layer 1")
modelmap = flopy.plot.PlotMapView(model=gwf, ax=ax)
pa = modelmap.plot_arrayCh, vmin=vmin, vmax=vmax)
quadmesh = modelmap.plot_bc("CHD")
linecollection = modelmap.plot_grid(lw=0.5, color="0.5")
contours = modelmap.contour_array(
h,
levels=contour_intervals,
colors="black",
)
ax.clabel(contours, fmt=" ")
cb = plt.colorbar(pa, shrink=0.5, ax=ax)
# second subplot
ax = axes[1]
ax.set_title(f"Model Layer {Nlay}")
modelmap = flopy.plot.PlotMapView(model=gwf, ax=ax, layer=Nlay - 1)
linecollection = modelmap.plot_grid(lw=0.5, color="0.5")
pa = modelmap.plot_arrayCh, vmin=vmin, vmax=vmax)
quadmesh = modelmap.plot_bc("CHD")
contours = modelmap.contour_array(
h,
levels=contour_intervals,
colors="black",
)
ax.clabel (contours, fmt=" ")
cb = plt.colorbar(pa, shrink=0.5, ax=ax)
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Use the FloPy PlotCrossSection() capabilities for MODFLOW 6

Plot a cross-section of heads along row 25

fig, ax = plt.subplots(l, 1, figsize=(9, 3), constrained_layout=True)
# first subplot
ax.set_title("Row 25")
modelmap = flopy.plot.PlotCrossSection(

model=gwf,

ax=ax,

line={"row": int(N / 4)},
)
pa = modelmap.plot_array(h, vmin=vmin, vmax=vmax)
quadmesh = modelmap.plot_bc("CHD")
linecollection = modelmap.plot_grid(lw=0.5, color="0.5")
contours = modelmap.contour_array(

h,

levels=contour_intervals,

colors="black",

ax.clabel(contours, fmt="%2.1f")
cb = plt.colorbar(pa, shrink=0.5, ax=ax)

Row 25

100.0

97.5

95.0

92.5

90.0

T
0 50 100 150 200 250 300 350 400

Determine the Flow Residual

The FLOW-JA-FACE cell-by-cell budget data can be processed to determine the flow residual for each cell in a MOD-
FLOW 6 model. The diagonal position for each row in the FLOW-JA-FACE cell-by-cell budget data contains the flow
residual for each cell and can be extracted using the flopy.mf6.utils.get_residuals() function.

First extract the FLOW-JA-FACE array from the cell-by-cell budget file
flowja = gwf.oc.output.budget().get_data(text="FLOW-JA-FACE", kstpkper=(0, 0))[

0
]

Next extract the flow residual. The MODFLOW 6 binary grid file is passed into the function because it contains the ia
array that defines the location of the diagonal position in the FLOW-JA-FACE array.

246 Chapter 5. Tutorials



[25]:

[26]:

[26]:

FloPy Documentation, Release 3.5.0

grb_file = workspace / f"{name}.dis.grb"
residual = flopy.mf6.utils.get_residuals(flowja, grb_file=grb_file)

Plot a Map of the flow error in Layer 10

fig, ax = plt.subplots(l, 1, figsize=(6, 6), constrained_layout=True)
ax.set_title("Model Layer 10")
modelmap = flopy.plot.PlotMapView(model=gwf, ax=ax, layer=Nlay - 1)
pa = modelmap.plot_array(residual)
quadmesh = modelmap.plot_bc("CHD")
linecollection = modelmap.plot_grid(lw=0.5, color="0.5")
contours = modelmap.contour_array(
h,
levels=contour_intervals,
colors="black",
)
ax.clabel(contours, fmt=" )
plt.colorbar(pa, shrink=0.5)

<matplotlib.colorbar.Colorbar at 0x7f7f036830d0>
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Model Layer 10
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Clean up the temporary directory

[27]: try:
temp_dir.cleanup()
except PermissionError:
# can occur on windows: https://docs.python.org/3/library/tempfile.html#tempfile.
—TemporaryDirectory
pass
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5.3 MODFLOW-2005

5.3.1 MODFLOW-2005 Basic stress packages

Flopy has a new way to enter boundary conditions for some MODFLOW packages. These changes are substantial.
Boundary conditions can now be entered as a list of boundaries, as a numpy recarray, or as a dictionary. These different

styles are described in this notebook.

Flopy also now requires zero-based input. This means that all boundaries are entered in zero-based layer, row, and
column indices. This means that older Flopy scripts will need to be modified to account for this change. If you are
familiar with Python, this should be natural, but if not, then it may take some time to get used to zero-based numbering.
Flopy users submit all information in zero-based form, and Flopy converts this to the one-based form required by

MODFLOW.
The following MODFLOW-2005 packages are affected by this change:
* Well
* Drain
* River
* General-Head Boundary

¢ Time-Variant Constant Head

This notebook explains the different ways to enter these types of boundary conditions.

# begin by importing flopy

import os

import sys

from tempfile import TemporaryDirectory

import numpy as np

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(fpth)
import flopy

# temporary directory
temp_dir = TemporaryDirectory()
workspace = os.path.join(temp_dir.name)

print(sys.version)
print (f"numpy version: {np.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

flopy version: 3.5.0
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List of Boundaries

Boundary condition information is passed to a package constructor as stress_period_data. In its simplest form,
stress_period_data can be a list of individual boundaries, which themselves are lists. The following shows a simple
example for a MODFLOW River Package boundary:

stress_period_data = [

L

10.7,
5000.0,
-5.7,
], # layer, row, column, stage, conductance, river bottom

2,
3],
Dp
10.7,
5000.0,
-5.7,
], # layer, row, column, stage, conductance, river bottom

2P

3

6,

10.7,

5000.0,

=57,

], # layer, row, column, stage, conductance, river bottom

1
m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)
riv = flopy.modflow.ModflowRiv(m, stress_period_data=stress_period_data)
m.write_input()

If we look at the River Package created here, you see that the layer, row, and column numbers have been increased by
one.

lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory
If this model had more than one stress period, then Flopy will assume that this boundary condition information applies
until the end of the simulation

m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)

dis = flopy.modflow.ModflowDis(m, nper=3)

riv = flopy.modflow.ModflowRiv(m, stress_period_data=stress_period_data)
m.write_input()

lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory
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Recarray of Boundaries

Numpy allows the use of recarrays, which are numpy arrays in which each column of the array may be given a different
type. Boundary conditions can be entered as recarrays. Information on the structure of the recarray for a boundary
condition package can be obtained from that particular package. The structure of the recarray is contained in the dtype.

riv_dtype = flopy.modflow.ModflowRiv.get_default_dtype()

print(riv_dtype)

[('k', '<i8"), ('i", '<i8"), ('j', '<i8"), ('stage', '<f4'), ('cond', '<f4'), ('rbot', '
—<f4')]

Now that we know the structure of the recarray that we want to create, we can create a new one as follows.

stress_period_data = np.zeros((3), dtype=riv_dtype)
stress_period_data = stress_period_data.view(np.recarray)
print("stress_period_data: ", stress_period_data)
print("type is: ", type(stress_period_data))

stress_period_data: [(®, 0, 0, 0., 0., 0.) (0, 0, 0, 0., 0., 0.) (0, 0, 0, 0., 0., 0.)]
type is: <class 'numpy.recarray'>

We can then fill the recarray with our boundary conditions.

stress_period_data[0] 2, 3, 4, 10.7, 5000.0, -5.7)
stress_period_data[l] = (2, 3, 5, 10.7, 5000.0, -5.7)
stress_period_data[2] = (2, 3, 6, 10.7, 5000.0, -5.7)
print(stress_period_data)

[z, 3, 4, 10.7, 5000., -5.7) (2, 3, 5, 10.7, 5000., -5.7)
@2, 3, 6, 10.7, 5000., -5.7)]

m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)

riv = flopy.modflow.ModflowRiv(m, stress_period_data=stress_period_data)
m.write_input()

lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory

As before, if we have multiple stress periods, then this recarray will apply to all of them.

m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)

dis = flopy.modflow.ModflowDis(m, nper=3)

riv = flopy.modflow.ModflowRiv(m, stress_period_data=stress_period_data)
m.write_input()

lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory
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Dictionary of Boundaries

The power of the new functionality in Flopy3 is the ability to specify a dictionary for stress_period_data. If specified
as a dictionary, the key is the stress period number (as a zero-based number), and the value is either a nested list, an
integer value of 0 or -1, or a recarray for that stress period.

Let’s say that we want to use the following schedule for our rivers: 0. No rivers in stress period zero 1. Rivers specified
by a list in stress period 1 2. No rivers 3. No rivers 4. No rivers 5. Rivers specified by a recarray 6. Same recarray
rivers 7. Same recarray rivers 8. Same recarray rivers

[10]: spl = [

[
2,
BP
2p
10.7,
5000.0,
-5.7,
], # layer, row, column, stage, conductance, river bottom
[
2,
5P
S
10.7,
5000.0,
-5.7,
], # layer, row, column, stage, conductance, river bottom
[
2,
BP
6,
10.7,
5000.0,
-5.7,
], # layer, row, column, stage, conductance, river bottom
]
print(spl)

[z, 3, 4, 10.7, 5000.0, -5.71, [2, 3, 5, 10.7, 5000.0, -5.7]1, [2, 3, 6, 10.7, 5000.0, -
~5.711

[11]: riv_dtype = flopy.modflow.ModflowRiv.get_default_dtype()
sp5 = np.zeros((3), dtype=riv_dtype)
sp5 = sp5.view(np.recarray)
sp5[0] = (2, 3, 4, 20.7, 5000.0, -5.7)
sp5[1] = (2, 3, 5, 20.7, 5000.0, -5.7)
sp5[2] (2, 3, 6, 20.7, 5000.0, -5.7)
print(sp5)

[z, 3, 4, 20.7, 5000., -5.7) (2, 3, 5, 20.7, 5000., -5.7)
2, 3, 6, 20.7, 5000., -5.7)]

[12]: sp_dict = {0: O, 1: spl, 2: O, 5: sp5}
m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)

(continues on next page)
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(continued from previous page)

dis flopy.modflow.ModflowDis(m, nper=_8)

riv = flopy.modflow.ModflowRiv(m, stress_period_data=sp_dict)
m.write_input()

lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory

MODFLOW Auxiliary Variables

Flopy works with MODFLOW auxiliary variables by allowing the recarray to contain additional columns of informa-
tion. The auxiliary variables must be specified as package options as shown in the example below.

In this example, we also add a string in the last column of the list in order to name each boundary condition. In this
case, however, we do not include boundname as an auxiliary variable as MODFLOW would try to read it as a floating
point number.

# create an empty array with an iface auxiliary variable at the end
riva_dtype = [

k", "<i8"),
("i", "<i8"),
'j", "<igM,

("stage", "<f4"),

("cond", "<f4"),

("rbot", "<f4"),

("iface", "<id"),

("boundname", object),
1
riva_dtype = np.dtype(riva_dtype)
stress_period_data = np.zeros((3), dtype=riva_dtype)
stress_period_data = stress_period_data.view(np.recarray)
print("stress_period_data: ", stress_period_data)
print("type is: ", type(stress_period_data))

stress_period_data: [(®, 0, 0, 0., 0., 0., 0, 0 (0, 0, 0, 0., 0., 0., 0, O
(6, 0, 0, 0., 0., 0., 0, 0]
type is: <class 'numpy.recarray'>

stress_period_data[0] 2, 3, 4, 10.7, 5000.0, -5.7, 1, "rivl™)
stress_period_data[l] = (2, 3, 5, 10.7, 5000.0, -5.7, 2, "riv2")
stress_period_data[2] = (2, 3, 6, 10.7, 5000.0, -5.7, 3, "riv3")
print(stress_period_data)

[z, 3, 4, 10.7, 5000., -5.7, 1, 'rivl")
2, 3, 5, 10.7, 5000., -5.7, 2, 'riv2")
2, 3, 6, 10.7, 5000., -5.7, 3, 'riv3")]

m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)
riv = flopy.modflow.ModflowRiv(

m,

stress_period_data=stress_period_data,

dtype=riva_dtype,

options=["aux iface"],

(continues on next page)
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(continued from previous page)

)
m.write_input()
lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory

Working with Unstructured Grids

Flopy can create an unstructured grid boundary condition package for MODFLOW-USG. This can be done by speci-
fying a custom dtype for the recarray. The following shows an example of how that can be done.

[16]: # create an empty array based on nodenumber instead of layer, row, and column

rivu_dtype = [

("nodenumber", "<i8"),

("stage", "<f4"),

("cond", "<f4"),

("rbot", "<£f4"),
]
rivu_dtype = np.dtype(rivu_dtype)
stress_period_data = np.zeros((3), dtype=rivu_dtype)
stress_period_data = stress_period_data.view(np.recarray)
print("stress_period_data: ", stress_period_data)
print("type is: ", type(stress_period_data))

stress_period_data: [(®, 6., 0., 0.) (0, 0., 0., 0.) (0, 0., 0., 0.)]
type is: <class 'numpy.recarray'>

[17]: stress_period_datal[0] (77, 10.7, 5000.0, -5.7)
stress_period_data[1] (245, 10.7, 5000.0, -5.7)
stress_period_data[2] = (450034, 10.7, 5000.0, -5.7)
print(stress_period_data)

[C 77, 10.7, 5000., -5.7) ( 245, 10.7, 5000., -5.7)
(450034, 10.7, 5000., -5.7)]

[18]: m = flopy.modflow.Modflow(modelname="test", model_ws=workspace)
riv = flopy.modflow.ModflowRiv(
m, stress_period_data=stress_period_data, dtype=rivu_dtype
)
m.write_input()
lhead -n 10 '../../examples/data/test.riv'

head: cannot open '../../examples/data/test.riv' for reading: No such file or directory
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Combining two boundary condition packages

ml = flopy.modflow.Modflow(modelname="test", model_ws=workspace)
dis = flopy.modflow.ModflowDis(ml, 10, 10, 10, 10)

sp_datal = {3: [1, 1, 1, 1.0], 5: [1, 2, 4, 4.0]}

well = flopy.modflow.ModflowWel (ml, stress_period_data=sp_datal)
ml.write_input()

lhead -n 10 '../../examples/data/test.wel’

head: cannot open '../../examples/data/test.wel' for reading: No such file or directory

sp_data2 = {0: [1, 1, 3, 3.0], 8: [9, 2, 4, 4.0]}

wel2 = flopy.modflow.ModflowWel(ml, stress_period_data=sp_data2)
ml.write_input()

lhead -n 10 '../../examples/data/test.wel’

head: cannot open '../../examples/data/test.wel' for reading: No such file or directory

/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:658:..
—.UserWarning: Unit 20 of package WEL already in use.

warn(
/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:667:..
—UserWarning: Two packages of the same type, Replacing existing 'WEL' package.

warn(

Now we create a third wel package, using the MfList.append() method:

wel3 = flopy.modflow.ModflowWel (
ml,
stress_period_data=wel2.stress_period_data.append(well.stress_period_data),
)
ml.write_input()
lhead -n 10 '../../examples/data/test.wel’

head: cannot open '../../examples/data/test.wel' for reading: No such file or directory

5.3.2 Error checking for MODFLOW-2005 models

import os
import sys
from tempfile import TemporaryDirectory

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(£fpth)
import flopy

print(sys.version)
print(f"flopy version: {flopy.__version__}")
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3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

Set the working directory

path = os.path.join("..", "..", "examples", "data", "mf2005_test")

Load example dataset and change the model work space

m = flopy.modflow.Modflow.load("testlss.nam", model_ws=path)
temp_dir = TemporaryDirectory()

workspace = temp_dir.name

m.change_model_ws (workspace)

By default, the checker performs a model-level check when a set of model files are loaded, unless load is called with
check=False. The load check only produces screen output if load is called with verbose=True. Checks are also
performed at the package level when an individual package is loaded

The check() method

Each model and each package has a check () method. The check method has three arguments:

help(m.check)

Help on method check in module flopy.mbase:

check(f: Union[str, os.PathLike, NoneType] = None, verbose=True, level=1) method of.
—flopy.modflow.mf.Modflow instance
Check model data for common errors.

Parameters

f : str or PathlLike, optional, default None
String defining file name or file handle for summary file
of check method output. If a string is passed a file handle
is created. If f is None, check method does not write
results to a summary file. (default is None)

verbose : bool
Boolean flag used to determine if check method results are
written to the screen

level : int
Check method analysis level. If level=0, summary checks are
performed. If level=1, full checks are performed.

Returns

(continues on next page)
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(continued from previous page)

>>> import flopy
>>> m = flopy.modflow.Modflow.load('model.nam")

>>> m.check()

The check class

By default, check is called at the model level without a summary output file, but with verbose=True and level=1.
The check methods return an instance of the check class, which is housed with the flopy utilities.

chk = m.check()

testlss MODEL DATA VALIDATION SUMMARY:

3 Warnings:

0C package: action(s) defined in OC stress_period_data ignored as they are not part.
—~the stress periods defined by DIS

RCH package:
RCH package:

Mean R/T ratio < checker warning threshold of 2e-08 for 1 stress periods
Variable NRCHOP set to value other than 3

Checks that passed:
Unit number conflicts
Compatible solver package

DIS package:
DIS package:
DIS package:
DIS package:
BAS6 package:
BAS6 package:
LPF package:
LPF package:
LPF package:
LPF package:
—100000.0
LPF package:
—~11
LPF package:
—100000.0
GHB package:
GHB package:
GHB package:
GHB package:

zero or negative thickness
thin cells (less than checker threshold of 1.0)
nan values in top array
nan values in bottom array
isolated cells in ibound array
Not a number
zero or negative horizontal hydraulic conductivity values
negative horizontal anisotropy values
vertical hydraulic conductivity values below checker threshold of le-11
vertical hydraulic conductivity values above checker threshold of.

horizontal hydraulic conductivity values below checker threshold of le-
horizontal hydraulic conductivity values above checker threshold of.
BC indices valid

not a number (Nan) entries

BC in inactive cells
BC elevation below cell bottom
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Summary array

Most of the attributes and methods in check are intended to be used by the check () methods. The central attribute of
check is the summary array:

chk. summary_array

rec.array([('Warning', '0OC', 0, 0, 0, 0.0000000e+00, '\r 0C package: action(s).
—.defined in OC stress_period_data ignored as they are not part the stress periods.
—.defined by DIS'),

('Warning', 'RCH', 0, 0, 0, 1.1785914e-09, '\r RCH package: Mean R/T ratio
< checker warning threshold of 2e-08 for 1 stress periods'),

('Warning', 'RCH', 0, 0, 0, 1.0000000e+00, '\r RCH package: Variable.
. NRCHOP set to value other than 3')],

dtype=[('type', '0'), ('package', '0"'), ('k', '<i8"'), ('i', '<i8"), ('j', '<i8

—"), ('value', '<f8'), ('desc', '0')1)

This is a numpy record array that summarizes errors and warnings found by the checker. The package, layer-row-
column location of the error, the offending value, and a description of the error are provided. In the checker, errors and
warnings are loosely defined as follows: #### Errors:

either input that would cause MODFLOW to crash, or inputs that almost certainly mis-represent the intended conceptual
model.

Warnings:

inputs that are potentially problematic, but may be intentional.

each package-level check produces a check instance with a summary array. The model level checks combine the
summary arrays from the packages into a master summary array. At the model and the package levels, the summary
array is used to generate the screen output shown above. At either level, the summary array can be written to a csv file
by supply a filename to the f argument. Specifying level=2 prints the summary array to the screen.

m.check(level=2)

Errors and/or Warnings encountered.
Errors and/or Warnings encountered.

testlss MODEL DATA VALIDATION SUMMARY:
3 Warnings:
0C package: action(s) defined in OC stress_period_data ignored as they are not part.
—~the stress periods defined by DIS
RCH package: Mean R/T ratio < checker warning threshold of 2e-08 for 1 stress periods
RCH package: Variable NRCHOP set to value other than 3

Checks that passed:
Unit number conflicts
Compatible solver package
DIS package: zero or negative thickness
DIS package: thin cells (less than checker threshold of 1.0)
DIS package: nan values in top array
DIS package: nan values in bottom array
BAS6 package: isolated cells in ibound array
BAS6 package: Not a number
LPF package: zero or negative horizontal hydraulic conductivity values

(continues on next page)
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LPF package: negative horizontal anisotropy values

LPF package: vertical hydraulic conductivity values below checker threshold of le-11

LPF package: vertical hydraulic conductivity values above checker threshold of.
- 100000.0

LPF package: horizontal hydraulic conductivity values below checker threshold of le-
~11

LPF package: horizontal hydraulic conductivity values above checker threshold of.
—100000.0

GHB package: BC indices valid

GHB package: not a number (Nan) entries

GHB package: BC in inactive cells

GHB package: BC elevation below cell bottom

DETAILED SUMMARY:

type package k i j value desc

Warning OC 0 0 0 0.00e+00 0C package: action(s) defined in.
—0C stress_period_data ignored as they are not part the stress periods defined by DIS
Warning RCH 0 0 0 1.18e-09 RCH package: Mean R/T ratio <.
—checker warning threshold of 2e-08 for 1 stress periods

Warning RCH 0 0 0 1.00e+00 RCH package: Variable NRCHOP set..

—»to value other than 3

<flopy.utils.check.check at 0x7f2a384afa30>

example of package level check and summary file

m.rch.check()

RCH PACKAGE DATA VALIDATION:
2 Warnings:
Mean R/T ratio < checker warning threshold of 2e-08 for 1 stress periods
Variable NRCHOP set to value other than 3

<flopy.utils.check.check at 0x7f2a384afc70>

example of summary output file

m.check(f=os.path. join(workspace, "checksummary.csv'"))

testlss MODEL DATA VALIDATION SUMMARY:
3 Warnings:
0C package: action(s) defined in OC stress_period_data ignored as they are not part.
—the stress periods defined by DIS
RCH package: Mean R/T ratio < checker warning threshold of 2e-08 for 1 stress periods
RCH package: Variable NRCHOP set to value other than 3
see ../../../../../../../tmp/tmpi_an_c4v/checksummary.csv for details.

Checks that passed:

(continues on next page)
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Unit number

(continued from previous page)

conflicts

Compatible solver package

DIS package:
DIS package:
DIS package:
DIS package:

zero or negative thickness

thin cells (less than checker threshold of 1.0)
nan values in top array

nan values in bottom array

BAS6 package: isolated cells in ibound array
BAS6 package: Not a number

LPF package:

LPF package:

LPF package:

LPF package:
—100000.0

LPF package:
-11

LPF package:
—100000.0

GHB package:

GHB package:

GHB package:

GHB package:

zero or negative horizontal hydraulic conductivity values

negative horizontal anisotropy values

vertical hydraulic conductivity values below checker threshold of le-11
vertical hydraulic conductivity values above checker threshold of.

horizontal hydraulic conductivity values below checker threshold of le-
horizontal hydraulic conductivity values above checker threshold of.
BC indices valid

not a number (Nan) entries

BC in inactive cells
BC elevation below cell bottom

<flopy.utils.check.check at 0x7f2a09d87ac®>

summary_pth = os.path.join(workspace, "checksummary.csv')

try:

import pandas as pd

df = pd.read_csv(summary_pth)
except:

df = open(summary_pth) .readlines()
df

type package k i j wvalue \

® Warning oc 0 0 O 0.0
1 Warning RCH 06 0 0 0.0
2 Warning RCH 06 0 0 1.0

desc

® action(s) defined in OC stress_period_data ign...

[y

Mean R/T ratio < checker warning threshold of ...

2 Variable NRCHOP set to value other than 3
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checking on write_input()

checking is also performed by default when write_input () is called at the package or model level. Checking on write
is performed with the same verbose setting as specified for the model. However, if errors or warnings are encountered
and level=1 (default) or higher, a screen message notifies the user of the errors.

By default, the checks performed on 1oad() and write_input () save results to a summary file, which is named after
the packge or the model.

m.write_input()

5.3.3 Loading MODFLOW-2005 models

This tutorial demonstrates how to load models from disk.

First import flopy.

import os
import sys

try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(£fpth)
import flopy

print(sys.version)
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

The load() method

To load a MODFLOW 2005 model, use the Modflow.load() method. The method’s first argument is the path or
name of the model namefile. Other parameters include:

* model_ws: the model workspace
* verbose: whether to write diagnostic information useful for troubleshooting

 check: whether to check for model configuration errors

model_ws = os.path.join("..",

ml = flopy.modflow.Modflow.load(
"bcf2ss.nam",
model_ws=model_ws,
verbose=True,
version="mf2005",
check=False,

, "examples", "data", "mf2005_test")
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Creating new model with name: bcf2ss

Parsing the namefile --> /home/runner/work/flopy/flopy/.docs/Notebooks/../../examples/
—data/mf2005_test/bcf2ss.nam
could not set filehandle to bcf2ss.lst

External unit dictionary:

{7: filename: /home/runner/work/flopy/flopy/.docs/Notebooks/../../examples/data/mf2005_
—test/bcf2ss.1st, filetype:LIST, 8: filename:/home/runner/work/flopy/flopy/.docs/
—Notebooks/../../examples/data/mf2005_test/bcf2ss.bab, filetype:BAS6, 11: filename:/
—home/runner/work/flopy/flopy/.docs/Notebooks/../../examples/data/mf2005_test/bcf2ss.
—bc6, filetype:BCF6, 12: filename:/home/runner/work/flopy/flopy/.docs/Notebooks/../../
—.examples/data/mf2005_test/bcf2ss.wel, filetype:WEL, 14: filename:/home/runner/work/
—flopy/flopy/.docs/Notebooks/../../examples/data/mf2005_test/bcf2ss.riv, filetype:RIV,.
—,18: filename:/home/runner/work/flopy/flopy/.docs/Notebooks/../../examples/data/mf2005_
—test/bcf2ss.rch, filetype:RCH, 19: filename:/home/runner/work/flopy/flopy/.docs/
—Notebooks/../../examples/data/mf2005_test/bcf2ss.pcg, filetype:PCG, 20: filename:/home/
—runner/work/flopy/flopy/.docs/Notebooks/../../examples/data/mf2005_test/bcf2ss.oc,..
—.filetype:0C, 10: filename:/home/runner/work/flopy/flopy/.docs/Notebooks/../../examples/
—data/mf2005_test/bcf2ss.dis, filetype:DIS}

ModflowBas6 free format:True

loading dis package file...
Loading dis package with:
2 layers, 10 rows, 15 columns, and 2 stress periods
loading laychd...
loading delr...
loading delc...
loading top...
loading botm...
for 2 layers and 1 confining beds
loading stress period data...
for 2 stress periods
adding Package: DIS
DIS package load...success
LIST package load...skipped
loading bas6 package file...
adding Package: BAS6
BAS6 package load...success
loading bcf package file...
loading ipakcb, HDRY, IWDFLG, WETFCT, IWETIT, IHDWET...
loading LAYCON...
loading TRPY...
loading hy layer 1...
loading vcont layer 1...
loading sf2 layer 1...
loading tran layer 2...

Adding bcf2ss.cbc (unit=30) to the output list.
(continues on next page)
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adding Package: BCF6
BCF6 package load...success
loading wel package file...
loading <class 'flopy.modflow.mfwel.ModflowWel'> for k
loading <class 'flopy.modflow.mfwel.ModflowlWel'> for k
adding Package: WEL
WEL package load...success
loading riv package file...
loading <class 'flopy.modflow.mfriv.ModflowRiv'> for k
loading <class 'flopy.modflow.mfriv.ModflowRiv'> for k
adding Package: RIV
RIV package load...success
loading rch package file...
loading rech stress period 1...
adding Package: RCH
RCH package load...success
loading pcg package file...
explicit ihcofadd in file
adding Package: PCG
PCG package load...success
loading oc package file...
head file name will be generated by flopy
drawdown file name will be generated by flopy
adding Package: 0C
0C package load...success

WARNING:

(continued from previous page)

per 1
per

per 1
per

External file unit 30 does not exist in ext_unit_dict.

WARNING:

External file unit 50 does not exist in ext_unit_dict.

WARNING:
External file unit O does not exist in ext_unit_dict.

The following 8 packages were successfully loaded.
bcf2ss.dis
bcf2ss.bab
bcf2ss.bcb
bcf2ss.wel
bcf2ss.riv
bcf2ss.rch
bcf2ss.pcg
bcf2ss.oc
The following 1 packages were not loaded.
bcf2ss.1st
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Auxiliary variables

Below we load a model containig auxiliary variables, then access them.

[3]: model_ws = os.path.join("..", , "'examples", "data", "mp6'")

ml = flopy.modflow.Modflow.load(
"EXAMPLE .nam",
model_ws=model_ws,
verbose=False,
version="mf2005",
check=False,

)

Auxiliary IFACE data are in the river package. Retrieve it from the model object.

[4]: riv = ml.riv.stress_period_data[0]

Confirm that the iface auxiliary data have been read by looking at the dtype.

[5]: riv.dtype

[5]: dtype((numpy.record, [('k', '<i8'), ('i', '<i8"), ('j', '<i8'), ('stage', '<f4'), ('cond
~"', '<f4"), ('rbot', '<f4'), ('iface', '<f4')1))
The iface data is accessible from the recarray.

[6]: riv["iface"]

[6]: array([6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6., 6.,
6., 6., 6., 6., 6., 6., 6., 6.], dtype=float32)

5.3.4 MODFLOW Tutorial 1: Confined Steady-State Flow Model

This tutorial demonstrates use of FloPy to develop a simple MODFLOW-2005 model.

[1]: # ## Getting Started
#
# If FloPy has been properly installed, then it can be imported as follows:
from pathlib import Path
from tempfile import TemporaryDirectory

[2]: import numpy as np

[3]: import flopy

Now that we can import flopy, we begin creating our simple MODFLOW model. numpy is imported to create arrays
of model data.
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Creating the MODFLOW Model

One of the nice things about creating models in python is that it is very easy to change one or two things and completely
change the grid resolution for your model. So in this example, we will design our python script so that the number of
layers, columns, and rows can be easily changed.

We can create a very simple MODFLOW model that has a basic package (BAS), discretization input file (DIS), layer-
property flow (LPF) package, output control (OC), and preconditioned conjugate gradient (PCG) solver. Each one
of these has its own input file, which will be created automatically by flopy, provided that we pass flopy the correct
information.

Discretization

We start by creating a temporary workspace, then a flopy model object.

temp_dir = TemporaryDirectory()

workspace = Path(temp_dir.name)

name = "tutorial®l_mf"

mf = flopy.modflow.Modflow(name, exe_name="mf2005", model_ws=workspace)

Next, let’s proceed by defining our model domain and creating a MODFLOW grid to span the domain.

Lx = 1000.0
Ly = 1000.0
ztop = 0.0
zbot = -50.0
nlay = 1
nrow = 10
ncol = 10

delr = Lx / ncol

delc = Ly / nrow

delv = (ztop - zbot) / nlay

botm = np.linspace(ztop, zbot, nlay + 1)

With this information, we can now create the flopy discretization object by entering the following:

dis = flopy.modflow.ModflowDis(
mf, nlay, nrow, ncol, delr=delr, delc=delc, top=ztop, botm=botm[1:]
)

Basic Package

Next we can create a flopy object that represents the MODFLOW Basic Package. For this simple model, we will assign
constant head values of 10. and 0. to the first and last model columns (in all layers), respectively. The python code for
doing this is:

ibound = np.ones((nlay, nrow, ncol), dtype=np.int32)

ibound[:, :, 0] = -1
ibound[:, :, -1] = -1
strt = np.ones((nlay, nrow, ncol), dtype=np.float32)
strt[:, :, 0] = 10.0

(continues on next page)
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(continued from previous page)

strt[:, :, -1] = 0.0
bas = flopy.modflow.ModflowBas(mf, ibound=ibound, strt=strt)

Layer-Property Flow Package

Constant values of 10. are assigned for the horizontal and vertical hydraulic conductivity:

1pf = flopy.modflow.ModflowLpf(mf, hk=10.0, vka=10.0, ipakcb=53)

Because we did not specify a value for laytyp, Flopy will use the default value of 0, which means that this model will
be confined.

Output Control

Here we can use the default OC settings by specifying the following:

spd = {(0, 0): ["print head", "print budget", "save head", "save budget"]}
oc = flopy.modflow.ModflowOc(mf, stress_period_data=spd, compact=True)

The stress period dictionary is used to set what output is saved for the corresponding stress period and time step. In
this case, the tuple (0, 0) means that stress period 1 and time step 1 for MODFLOW will have output saved. Head
and budgets will be printed and head and budget information will be saved.

Preconditioned Conjugate Gradient Package

The default settings used by flopy will be used by specitying the following commands:

pcg = flopy.modflow.ModflowPcg(mf)

Writing the MODFLOW Data Files

The MODFLOW input data files are written by simply issuing the following:

mf.write_input()

Running the Model

Flopy can also be used to run the model. The model object (mf in this example) has an attached method that will run
the model. For this to work, the MODFLOW program must be located somewhere within the system path, or within
the working directory. In this example, we have specified that the name of the executable program is ‘mf2005°. Issue
the following to run the model:

success, buff = mf.run_model()
assert success, "MODFLOW did not terminate normally."
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FloPy is using the following executable to run the model: ../../home/runner/.local/bin/
—modflow/m£2005

MODFLOW-2005
U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
Version 1.12.00 2/3/2017

Using NAME file: tutorial®l_mf.nam
Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:50

Solving: Stress period: 1 Time step: 1 Ground-Water Flow Egn.
Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:26:50
Elapsed run time: 0.001 Seconds

Normal termination of simulation

Here we have used run_model, and we could also have specified values for the optional keywords silent, pause, and
report.

Post-Processing the Results

Now that we have successfully built and run our MODFLOW model, we can look at the results. MODFLOW writes
the simulated heads to a binary data output file. We cannot look at these heads with a text editor, but flopy has a binary
utility that can be used to read the heads. The following statements will read the binary head file and create a plot of
simulated heads for layer 1:

import matplotlib.pyplot as plt

import flopy.utils.binaryfile as bf

Extract the heads

hds = bf.HeadFile(Path(workspace) / f"{name/.hds")
head = hds.get_data(totim=1.0)

Contour the heads

extent = (delr / 2.0, Lx - delr / 2.0, Ly - delc / 2.0, delc / 2.0)
fig = plt.figure(figsize=(6, 6))

ax = fig.add_subplot(l, 1, 1, aspect="equal')

ax.contour (head[0, :, :], levels=np.arange(l, 10, 1), extent=extent)

<matplotlib.contour.QuadContourSet at 0x7£294986ch20>
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Flopy also has some pre-canned plotting capabilities can can be accessed using the PlotMapView() class. The fol-
lowing code shows how to use the plotmapview class to plot boundary conditions (IBOUND), plot the grid, plot head

contours, and plot vectors:

# Extract the heads

hds = bf.HeadFile(Path(workspace) / f"{name}.hds")
times = hds.get_times()

head = hds.get_data(totim=times[-1])

Extract the cell-by-cell flows

cbb = bf.CellBudgetFile(Path(workspace) / f"{name}.chc")

kstpkper_list = cbb.get_kstpkper()

frf = cbb.get_data(text="FLOW RIGHT FACE", totim=times[-1])[0]

fff = cbb.get_data(text="FLOW FRONT FACE", totim=times[-1])[0]

gx, qy, qz = flopy.utils.postprocessing.get_specific_discharge(
(frf, fff, None), mf, head

)

Create the figure
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[19]: fig = plt.figure(figsize=(6, 6))
ax = fig.add_subplot(l, 1, 1, aspect="equal')
modelmap = flopy.plot.PlotMapView(model=mf, layer=0, ax=ax)
gm = modelmap.plot_ibound()
lc = modelmap.plot_grid()
cs = modelmap.contour_array(head, levels=np.linspace(0, 10, 11))
quiver = modelmap.plot_vector(gx, qy)

1000
— | | | — | — ] —
800
— | | — | — ] — | — | —
—_— — — — — —_—
600
— || — | e ——] | e—- | —
|| — | — — | — ] —
400
— | | — | — ] — | — | —
200
—_— — — — — —_—
— | | i || e | gl | e
0
400 600 800 1000
Clean up the temporary workspace
[20]: try:
temp_dir.cleanup()
except:
# prevent windows permission error
pass
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5.3.5 MODFLOW Tutorial 2: Unconfined Transient Flow Model

In this example, we will convert the tutorial 1 model into an unconfined, transient flow model with time varying bound-
aries. Instead of using constant heads for the left and right boundaries (by setting ibound to -1), we will use general

head boundaries. We will have the model consider the following conditions:
* Initial conditions — head is 10.0 everywhere

e Period 1 (1 day) — steady state with left and right GHB stage = 10.

* Period 2 (100 days) — left GHB with stage = 10., right GHB with stage set to 0.

e Period 3 (100 days) — pumping well at model center with rate = -500., left and right GHB = 10., and 0.

We will start with selected model commands from the previous tutorial.

# ## Getting Started

#

# As shown in the previous MODFLOW tutorial, import flopy.
from pathlib import Path

from tempfile import TemporaryDirectory

import numpy as np

import flopy

Creating the MODFLOW Model

Define the Model Extent, Grid Resolution, and Characteristics

Assign the model information

Lx = 1000.0
Ly = 1000.0
ztop = 10.0
zbot = -50.0
nlay = 1
nrow = 10
ncol = 10

delr = Lx / ncol
delc = Ly / nrow
delv = (ztop - zbot) / nlay

botm = np.linspace(ztop, zbot, nlay + 1)
hk = 1.0

vka = 1.0

sy = 0.1

ss = 1.0e-4

laytyp = 1

Variables for the BAS package Note that changes from the MODFLOW tutorial 1

ibound = np.ones((nlay, nrow, ncol), dtype=np.int32)
strt = 10.0 * np.ones((nlay, nrow, ncol), dtype=np.float32)
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Define the Stress Periods

To create a model with multiple stress periods, we need to define nper, perlen, nstp, and steady. This is done in the
following block in a manner that allows us to pass these variable directly to the discretization object:

nper = 3
perlen = [1, 100, 100]

nstp = [1, 100, 100]

steady = [True, False, False]

Create Time-Invariant Flopy Objects

With this information, we can now create the static flopy objects that do not change with time:

temp_dir = TemporaryDirectory()
workspace = temp_dir.name
name = "tutorial®2_mf"
mf = flopy.modflow.Modflow(name, exe_name="mf2005", model_ws=workspace)
dis = flopy.modflow.ModflowDis(
mf,
nlay,
nrow,
ncol,
delr=delr,
delc=delc,
top=ztop,
botm=botm[1:],
nper=nper,
perlen=perlen,
nstp=nstp,
steady=steady,
)
bas = flopy.modflow.ModflowBas(mf, ibound=ibound, strt=strt)
1pf = flopy.modflow.ModflowLpf(
mf, hk=hk, vka=vka, sy=sy, ss=ss, laytyp=laytyp, ipakcb=53
)
pcg = flopy.modflow.ModflowPcg(mf)

Transient General-Head Boundary Package

At this point, our model is ready to add our transient boundary packages. First, we will create the GHB object, which
is of the following type: flopy.modflow.ModflowGhb().

The key to creating Flopy transient boundary packages is recognizing that the boundary data is stored in a dictio-
nary with key values equal to the zero-based stress period number and values equal to the boundary conditions for
that stress period. For a GHB the values can be a two-dimensional nested list of [layer, row, column, stage,
conductance].

stageleft = 10.0
stageright = 10.0
bound_spl = []

(continues on next page)

5.3. MODFLOW-2005 271



FloPy Documentation, Release 3.5.0

(continued from previous page)
for il in range(nlay):
condleft = hk * (stageleft - zbot) * delc
condright = hk * (stageright - zbot) * delc
for ir in range(nrow):
bound_spl.append([il, ir, O, stageleft, condleft])
bound_spl.append([il, ir, ncol - 1, stageright, condright])
print("Adding ", len(bound_spl), "GHBs for stress period 1.")

Adding 20 GHBs for stress period 1.

[9]: # Make list for stress period 2
stageleft = 10.0
stageright = 0.0
condleft = hk * (stageleft - zbot) * delc
condright = hk * (stageright - zbot) * delc
bound_sp2 = []
for il in range(nlay):
for ir in range(nrow):
bound_sp2.append([il, ir, 0, stageleft, condleft])
bound_sp2.append([il, ir, ncol - 1, stageright, condright])
print("Adding ", len(bound_sp2), "GHBs for stress period 2.")

Adding 20 GHBs for stress period 2.

[10]: # We do not need to add a dictionary entry for stress period 3.
# Flopy will automatically take the list from stress period 2 and apply it
# to the end of the simulation
stress_period_data = {0: bound_spl, 1: bound_sp2}

[11]: # Create the flopy ghb object
ghb = flopy.modflow.ModflowGhb(mf, stress_period_data=stress_period_data)

Transient Well Package

Now we can create the well package object, which is of the type, flopy.modflow.Modflowlel ().

[12]: # Create the well package
# Remember to use zero-based layer, row, column indices!
pumping_rate = -500.0
wel_spl = [[0, nrow / 2 - 1, ncol / 2 1, 0.0]]
wel_sp2 = [[0, nrow / 2 - 1, ncol / 2 - 1, 0.0]]

/2 -1,
1:

wel_sp3 = [[0, nrow / 2 - 1, ncol pumping_rate]]
stress_period_data = {0: wel_spl, wel_sp2, 2: wel_sp3}
wel = flopy.modflow.ModflowWel (mf, stress_period_data=stress_period_data)
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Output Control

Here we create the output control package object, which is of the type flopy.modflow.ModflowOc().

stress_period_data = {}
for kper in range(nper):
for kstp in range(nstp[kper]):
stress_period_data[ (kper, kstp)] = [
"save head",
"save drawdown",
"save budget",
"print head",
"print budget",
1
oc = flopy.modflow.ModflowOc(
mf, stress_period_data=stress_period_data, compact=True

Running the Model

Run the model with the run_model method, which returns a success flag and the stream of output. With run_model,
we have some finer control, that allows us to suppress the output.

# Write the model input files
mf.write_input()

# Run the model
success, mfoutput = mf.run_model (silent=True, pause=False)
assert success, "MODFLOW did not terminate normally."

Post-Processing the Results
Once again, we can read heads from the MODFLOW binary output file, using the flopy.utils.binaryfile()
module. Included with the HeadFile object are several methods that we will use here:

* get_times() will return a list of times contained in the binary head file

e get_data() will return a three-dimensional head array for the specified time

* get_ts() will return a time series array [ntimes, headval] for the specified cell

Using these methods, we can create head plots and hydrographs from the model results.

# Imports
import matplotlib.pyplot as plt

import flopy.utils.binaryfile as bf

# Create the headfile and budget file objects

headobj = bf.HeadFile(Path(workspace) / f"{name}.hds")
times = headobj.get_times()

cbb = bf.CellBudgetFile(Path(workspace) / f"{name}.cbhc")
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# Setup contour parameters
levels = np.linspace(0, 10, 11)
extent = (delr / 2.0, Lx - delr / 2.0, delc / 2.0, Ly - delc / 2.0)

print("Levels:
print("Extent:

, levels)
, extent)

Levels: [ ®. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.]
Extent: (50.0, 950.0, 50.0, 950.0)

# Well point for plotting

wpt

= (450.0, 550.0)

Create a figure with maps for three times

# Make the plots

fig

= plt.figure(figsize=(5, 15))

mytimes = [1.0, 101.0, 201.0]

for iplot, time in enumerate(mytimes):
print("*****Processing time: ", time)
head = headobj.get_data(totim=time)
# Print statistics
print("Head statistics")
print(" min: ", head.min())
print(" max: ", head.max())
print(" std: ", head.std())
# Extract flow right face and flow front face
frf = cbb.get_data(text="FLOW RIGHT FACE", totim=time)[0]
fff = cbb.get_data(text="FLOW FRONT FACE", totim=time)[0]
# Create a map for this time
ax = fig.add_subplot(len(mytimes), 1, iplot + 1, aspect="equal")
ax.set_title(f"stress period {iplot + 1}")
pmv = flopy.plot.PlotMapView(model=mf, layer=0, ax=ax)
gm = pmv.plot_ibound()
lc = pmv.plot_grid()
gm = pmv.plot_bc("GHB", alpha=0.5)
if head.min() !'= head.max():
cs = pmv.contour_array(head, levels=levels)
plt.clabel(cs, inline=1, fontsize=10, fmt=" "
quiver = pmv.plot_vector(frf, fff)
mfc = "None"
if (iplot + 1) == len(mytimes):
mfc = "black"
ax.plot(
wpt[0],
wpt[1],
1w=0,
marker="o0",
markersize=8,
markeredgewidth=0.5,
(continues on next page)
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(continued from previous page)

markeredgecolor="black",
markerfacecolor=mfc,
zorder=9,
)
ax.text(wpt[0®] + 25, wpt[1l] - 25, "well", size=12, zorder=12)

**%%%Processing time: 1.0
Head statistics

min: 10.0
max: 10.0
std: 0.0

##%%¥Processing time: 101.0
Head statistics

min: 0.025931068

max: 9.998436

std: 3.2574987
“*Processing time: 201.0
Head statistics

min: 0.016297927

max: 9.994038

std: 3.1544707

e
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Create a hydrograph

[22]: # Plot the head versus time
idx = (0, int(arow / 2) - 1, int(ncol / 2) - 1)
ts = headobj.get_ts(idx)
fig = plt.figure(figsize=(6, 6))
ax = fig.add_subplot(l, 1, 1)
ttl = f"Head at cell ({idx[0] + 1},{idx[1] + 1}, {idx[2] + 11"
ax.set_title(ttl)
ax.set_xlabel("time™)
ax.set_ylabel ("head™)
ax.plot(ts[:, 0], ts[:, 1], "bo-")

[22]: [<matplotlib.lines.Line2D at 0x7£878b9d9beld>]

Head at cell (1,5,5)

10

head

T T T T T
0 25 50 75 100 125 150 175 200
time

[23]: try:
temp_dir.cleanup()
except:
# prevent windows permission error

(continues on next page)

5.3. MODFLOW-2005 277



[1]:

FloPy Documentation, Release 3.5.0

pass

5.4 MODFLOW-LGR

5.4.1 Local grid refinement (LGR) utility

(continued from previous page)

FloPy has a utility for creating and managing a parent grid and a child grid. Both grids must regular MODFLOW grids
consisting of layers, rows, and columns. The term Local Grid Refinement (LGR) is used to denote this configuration.
With the current version, only one child grid is supported; however, the utility could be used multiple times to create
multiple child models. Those child models could also be used with the utility to create grandchildren models, though

it is unclear if there would be benefit to constructing models with this configuration.

The FloPy LGR utility is designed to work primarily with MODFLOW 6 as MODFLOW 6 can be used to run multiple
groundwater models in the same simulation. These models can be tightly coupled at their interfaces. This LGR ap-
proach is based on the idea of creating multiple model instances, each with their own input and output. This approach
is different from using an unstructured grid to represent a single mesh with local refinements in areas of interest.

First set the path and import the required packages. The flopy path doesn’t have to be set if you install flopy from a
binary installer. If you want to run this notebook, you have to set the path to your own flopy path.

import os
import sys
from tempfile import TemporaryDirectory

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

import flopy
from flopy.utils.lgrutil import Lgr

# temporary directory
temp_dir = TemporaryDirectory()

workspace = os.path.join(temp_dir.name, "mf6lgr™)

# make sure workspace directory exists
if not os.path.isdir(workspace):
os.makedirs(workspace, exist_ok=True)

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"matplotlib version: {mpl.__version__}")
print (£"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

matplotlib version: 3.7.4

flopy version: 3.5.0
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LGR basics

The LGR Utility works by defining the parent grid. Then cells within the parent grid are marked as being replaced by
a child grid with a specified level of refinement. The terminology and variable descriptions here are based on concepts
developed for the MODFLOW-LGR program.

# set up the parent grid information

xoffp = 0.0
yoffp = 0.0
nlayp = 3
nrowp = 25
ncolp = 45
dx = 100.0
dy = 100.0
dz = 20.0

delrp = dx * np.ones(ncolp, dtype=float)
delcp = dy * np.ones(nrowp, dtype=float)
topp = dz * np.ones((nrowp, ncolp), dtype=float)
botmp = np.empty((nlayp, nrowp, ncolp), dtype=float)
for k in range(nlayp):

botmp[k] = -(k + 1) * dz

# Define relation of child to parent using

# these parent indices to show where child is active
istart = int(arowp / 3)

istop = int(nrowp * 2 / 3) + 1

jstart = int(ncolp / 3)

jstop = int(ncolp * 2 / 3) + 1

kstart = 0

kstop = 1 + 1

# idomainp has a 1 where parent is active and 0 where child is active
idomainp = np.ones((nlayp, nrowp, ncolp), dtype=int)
idomainp[kstart:kstop, istart:istop, jstart:jstop] = 0

# Set the number of child layers per parent layer (list of length parent nlay)
# The following will result in 4 child layers that span model layers

# 1 and 2 of the parent grid. Vertical dimension of child cells will be half
# of the parent vertical dimension.

ncppl = np.array(nlayp * [2], dtype=int)

ncppl[kstop:] = 0

print (f"ncppl: {ncppl}"™)

# Set the number of child cells per parent cell
ncpp = 5

# Create the Lgr utility object, which contains methods for connecting a
# parent and child model in a MODFLOW 6 simulation
lgr = Lgr(

nlayp,

nrowp,

ncolp,

delrp,

(continues on next page)
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delcp,
topp,
botmp,
idomainp,
ncpp=ncpp,

ncppl=ncppl,

x11p=xo0ffp,
yllp=yoffp,
)

ncppl: [2 2 0]

# information about the parent and child models

# can be accessed using simple grid objects returned
# on the fly by lgr.parent and lgr.child
print("Parent grid information')

parent = lgr.parent

print(f"parent
print (f"parent
print (f"parent
print (f"parent
print (f"parent
print(f"parent
print(f"parent

print ("\nChild
child = 1gr.chi

nlay: {parent.nlay/")

nrow: {parent.nrow/")

ncol: {parent.ncol}")

delr[0]: {parent.delr[0]}")
delc[0]: {parent.delc[0]}")
top[0, 0]: {parent.top[0, O]}")

botm[:, O, 0]: {parent.botm[:, O, 0]}")

grid information")
1d

print(f"child nlay: {child.nlay}")
print(f"child nrow: {child.nrow}")
print(f"child ncol: {child.ncol}")
print(f"child delr[0]: {child.delr[0]}")
print(£"child delc[0]: {child.delc[0]}")

print(f"child t

op[®, 0]: {child.top[0®, 0]}")

print(f"child botm[:, 0, 0]: {child.botm[:, O, 0]}")

Parent grid information

parent nlay: 3
parent nrow: 25
parent ncol: 45
parent delr[0]:
parent delc[0]:

100.0
100.0

parent top[0®, 0]: 20.0

parent botm[:,

0, 0]: [-20. -40. -60.]

Child grid information

child nlay: 4
child nrow: 45
child ncol: 80
child delr[0]:
child delc[0]:
child top[®, 0]
child botm[:, 0

20.0

20.0

: 20.0

, 0]: [ 0. -20. -30. -40.]

(continued from previous page)
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# from the Lgr object, it is possible to ask for a flopy modelgrid object
# for the parent and child. These objects are created on the fly and

# can be used to plot the grids prior to creating the MODFLOW 6 simulation
mgp = lgr.parent.modelgrid

mgc = lgr.child.modelgrid

fig = plt.figure(figsize=(10, 10))

ax = fig.add_subplot(l, 1, 1, aspect="equal')
mgc.plot(ax=ax)

mgp .plot (ax=ax)

<matplotlib.collections.LineCollection at 0x7ff8049a2520>
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Simple example model

For this example, we reproduce the simple model shown on the front page of the flopy GitHub repository. In this
adaptation, we insert a finer, locally refined grid in the middle of the domain, but we tightly couple the parent and child
models.

# set up the parent grid information
xoffp = 0.0

yoffp .0

nlayp
nrowp
ncolp =
dx = 100.0

dy = 100.0

dz = 100.0

delrp = dx * np.ones(ncolp, dtype=float)
delcp = dy * np.ones(nrowp, dtype=float)

1
(S BNV, B, By —)

(continues on next page)
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topp = dz * np.ones((nrowp, ncolp), dtype=float)
botmp = np.empty((nlayp, nrowp, ncolp), dtype=float)
for k in range(nlayp):

botmp[k] = -(k + 1) * dz

# Define relation of child to parent

# idomainp has a 1 where parent is active and 0 where child is active
idomainp = np.ones((nlayp, nrowp, ncolp), dtype=int)

idomainp[:, 1:4, 1:4] =0

# Set the number of child cells per parent cell
ncpp = 5

# Set the number of child layers per parent layer (list of cell parent nlay)
ncppl = [1, 1, 1, 1, 1]

# Create the Lgr utility object, which contains methods for connecting a
# parent and child model in a MODFLOW 6 simulation
lgr = Lgr(

nlayp,

nrowp,

ncolp,

delrp,

delcp,

topp,

botmp,

idomainp,

ncpp=ncpp,

ncppl=ncppl,

x11p=xo0ffp,

yllp=yoffp,
)

# from the Lgr object, it is possible to ask for a flopy modelgrid object
# for the parent and child. These objects are created on the fly and

# can be used to plot the grids prior to creating the MODFLOW 6 simulation
mgp = lgr.parent.modelgrid

mgc = lgr.child.modelgrid

[7]: # plot the child and parent grids, which can be
# done easily using the flopy modelgrid objects
fig = plt.figure(figsize=(6, 6))
ax = fig.add_subplot(l, 1, 1, aspect="equal')
mgc.plot(ax=ax)
mgp .plot (ax=ax)

[7]: <matplotlib.collections.LineCollection at 0x7f£f804875b20>
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Build the MODFLOW 6 Model

Now that we have the grid, we can setup and run the MODFLOW 6 model.

# set up the MODFLOW 6 simulation
ws = os.path.join(workspace, "exl1")

simname = "lgr"
pname = "parent"”
cname = "child"

sim = flopy.mf6.MFSimulation(sim_name=simname, sim_ws=ws, exe_name="mf6")
tdis = flopy.mf6.ModflowTdis(sim)

# Because we will use the xt3d option for coupling the models
# we need use to the asymmetric BICGSTAB linear solver
ims = flopy.mf6.ModflowIms(sim, linear_acceleration="BICGSTAB")

# retrieve the exchange data from the lgr object
exchangedata = 1lgr.get_exchange_data(angldegx=True, cdist=True)

(continues on next page)
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nexg = len(exchangedata)

# When creating the exchange, which couples the child and parent
# models, use the xt3d option, which is an alternative to the
# ghost-node correction. This xt3d option was added as a new
# capability for the gwt-gwt and gwf-gwf exchanges in MODFLOW version 6.3.0.
exg = flopy.mf6.ModflowGwfgwf(

sim,

exgtype="GWF6-GWF6",

xt3d=True,

auxiliary=["angldegx", "cdist"],

exgmnamea=pname,

exgmnameb=cname,

nexg-nexg,

exchangedata=exchangedata,

)

# Set up the parent model and use the lgr.parent object to
# help provide the necessary information.
lgrp = lgr.parent
gwfp = flopy.mf6.ModflowGwf(sim, modelname=pname, save_flows=True)
dis = flopy.mf6.ModflowGwfdis(gwfp, **lgrp.get_gridprops_dis6())
ic = flopy.mf6.ModflowGwfic (gwip)
npf = flopy.mf6.ModflowGwinpf(gwfp, save_specific_discharge=True)
chdspd = [[(0, O, 0), 1.0], [(0, lgrp.nrow - 1, lgrp.ncol - 1), 0.0]]
chd = flopy.mf6.ModflowGwfchd(gwfp, stress_period_data=chdspd)
oc = flopy.mf6.ModflowGwfoc(

gwip,

budget_filerecord=£f" {pname}.bud",

head_filerecord=£f" {pname}.hds",

saverecord=[("HEAD", "ALL"), ("BUDGET", "ALL")],

)

# Set up the child model and use the lgr.child object to
# help provide the necessary information.
lgrc = 1lgr.child
gwfc = flopy.mf6.ModflowGwf(sim, modelname=cname, save_flows=True)
dis = flopy.mf6.ModflowGwfdis(gwfc, **lgrc.get_gridprops_dis6())
ic = flopy.mf6.ModflowGwfic (gwifc)
npf = flopy.mf6.ModflowGwinpf(gwfc, save_specific_discharge=True)
oc = flopy.mf6.ModflowGwfoc(
gwfc,
budget_filerecord=f"{cname}.bud",
head_filerecord=f"{cname}.hds",
saverecord=[ ("HEAD", "ALL"), ("BUDGET", "ALL")],
)

sim.write_simulation()
success, buff = sim.run_simulation(silent=True, report=True)
if success:
for line in buff:
print(line)

(continues on next page)
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else:
raise ValueError("Failed to run.")

writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing package lgr.gwfgwf...
writing model parent...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package chd_0...
INFORMATION: maxbound in ('gwf6', 'chd', 'dimensions') changed to 2 based on size of.
-,stress_period_data
writing package oc...
writing model child...
writing model name file...
writing package dis...
writing package ic...
writing package npf...
writing package oc...
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0
Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:29:34

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1

(continues on next page)
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Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:29:34
Elapsed run time: 0.088 Seconds

Normal termination of simulation.

# load and store the head arrays from the parent and child models
head = [gwfp.output.head().get_data(), gwfc.output.head().get_data()]

# load and store the specific discharge results for the parent and child models
bud = gwfp.output.budget()

spdis = bud.get_data(text="DATA-SPDIS")[0]

spdisp = flopy.utils.postprocessing.get_specific_discharge(spdis, gwifp)

bud = gwfc.output.budget()

spdis = bud.get_data(text="DATA-SPDIS")[0]

spdisc = flopy.utils.postprocessing.get_specific_discharge(spdis, gwfc)

# plot the results from both the parent and child models

# on the same figure

f = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")

pmvp = flopy.plot.PlotMapView(gwfp, ax=ax)

pmvc = flopy.plot.PlotMapView(gwfc, ax=ax, extent=pmvp.extent)

pmvp.plot_array(head[0], vmin=0.0, vmax=1.0)
pmvc.plot_arrayChead[1], vmin=0.0, vmax=1.0)

pmvp.plot_grid(colors="white")
pmvc.plot_grid(colors="white")

pmvp.plot_vector(spdisp[0], spdisp[l], normalize=True, color="white")
pmvc.plot_vector(spdisc[0], spdisc[1], normalize=True, color="white")

<matplotlib.quiver.Quiver at 0x7f£f811ffc8b0>
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Coupled flow and transport model

For this example, we simulate coupled flow and transport for a LGR configuration.

# set up the parent grid information
xoffp = 0.0

yoffp = 0.0

nlayp =

(continues on next page)
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dz = 20.0
delrp = dx * np.ones(ncolp, dtype=float)
delcp = dy * np.ones(nrowp, dtype=float)

topp = dz * np.ones((nrowp, ncolp), dtype=float)
botmp = np.empty((nlayp, nrowp, ncolp), dtype=float)
for k in range(nlayp):

botmp[k] = -(k + 1) * dz

# Define relation of child to parent using

# these parent indices to show where child is active
istart = int(arowp / 3)

istop = int(nrowp * 2 / 3) + 1

jstart = int(ncolp / 3)

jstop = int(ncolp * 2 / 3) + 1

kstart = 0

kstop = 1 + 1

# idomainp has a 1 where parent is active and 0 where child is active
idomainp = np.ones((nlayp, nrowp, ncolp), dtype=int)
idomainp[kstart:kstop, istart:istop, jstart:jstop] = 0

# Set the number of child layers per parent layer
ncppl = np.array(nlayp * [1], dtype=int)
ncppl[kstop:] = O

print(f"ncppl: {ncppl}™)

# Set the number of child cells per parent cell
ncpp = 3

# Create the Lgr utility object, which contains methods for connecting a
# parent and child model in a MODFLOW 6 simulation
lgr = Lgr(

nlayp,

nrowp,

ncolp,

delrp,

delcp,

topp,

botmp,

idomainp,

ncpp=ncpp,

ncppl=ncppl,

x11p=xoffp,

yllp=yoffp,
)

# from the Lgr object, it is possible to ask for a flopy modelgrid object
# for the parent and child. These objects are created on the fly and

# can be used to plot the grids prior to creating the MODFLOW 6 simulation
mgp = lgr.parent.modelgrid

mgc = lgr.child.modelgrid
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ncppl: [1 1 0]

# plot the child and parent grids, which can be
# done easily using the flopy modelgrid objects
fig = plt.figure(figsize=(6, 6))

ax = fig.add_subplot(l, 1, 1, aspect="equal')
mgc.plot(ax=ax)

mgp . plot (ax=ax)

<matplotlib.collections.LineCollection at 0x7f£f811fa4df®>
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Build the MODFLOW 6 Model

Now that we have the grid, we can setup and run the MODFLOW 6 model.

# set up the MODFLOW 6 simulation

ws = os.path.join(workspace, "ex2")

simname = "lgr"

sim = flopy.mf6.MFSimulation(sim_name=simname, sim_ws=ws, exe_name="mf6")
tdis = flopy.mf6.ModflowTdis(sim, perioddata=[(50 * 365.0, 10, 1.0)])

pname = "parent-flow"
cname "child-flow"

# Because we will use the xt3d option for coupling the models
# we need use to the asymmetric BICGSTAB linear solver
ims_flow = flopy.mf6.ModflowIms (

sim, linear_acceleration="BICGSTAB", filename="flow.ims"

)

# retrieve the exchange data from the lgr object
exchangedata = lgr.get_exchange_data(angldegx=True, cdist=True)

(continues on next page)
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nexg = len(exchangedata)

# When creating the exchange, which couples the child and parent
# models, use the xt3d option, which is an alternative to the
# ghost-node correction. This xt3d option was added as a new
# capability for the gwt-gwt and gwf-gwf exchanges in MODFLOW version 6.3.0.
exg = flopy.mf6.ModflowGwfgwf(

sim,

exgtype="GWF6-GWF6",

xt3d=True,

auxiliary=["angldegx", "cdist"],

exgmnamea=pname,

exgmnameb=cname,

nexg-nexg,

exchangedata=exchangedata,

)

# Set up the parent model and use the lgr.parent object to
# help provide the necessary information.
lgrp = lgr.parent
gwfp = flopy.mf6.ModflowGwf(sim, modelname=pname, save_flows=True)
dis = flopy.mf6.ModflowGwfdis(gwfp, **lgrp.get_gridprops_dis6())
ic = flopy.mf6.ModflowGwfic (gwip)
npf = flopy.mf6.ModflowGwinpf(gwfp, save_specific_discharge=True)
chdspd = [[(0, O, 0), 1.0], [(0, lgrp.nrow - 1, lgrp.ncol - 1), 0.0]]
chd = flopy.mf6.ModflowGwfchd(gwfp, stress_period_data=chdspd)
oc = flopy.mf6.ModflowGwfoc(

gwip,

budget_filerecord=£f" {pname}.bud",

head_filerecord=£f" {pname}.hds",

saverecord=[("HEAD", "ALL"), ("BUDGET", "ALL")],

)

# Set up the child model and use the lgr.child object to
# help provide the necessary information.
lgrc = 1lgr.child
gwfc = flopy.mf6.ModflowGwf(sim, modelname=cname, save_flows=True)
dis = flopy.mf6.ModflowGwfdis(gwfc, **lgrc.get_gridprops_dis6())
ic = flopy.mf6.ModflowGwfic (gwifc)
npf = flopy.mf6.ModflowGwinpf(gwfc, save_specific_discharge=True)
oc = flopy.mf6.ModflowGwfoc(
gwfc,
budget_filerecord=f"{cname}.bud",
head_filerecord=f"{cname}.hds",
saverecord=[ ("HEAD", "ALL"), ("BUDGET", "ALL")],

# now set up transport model
include_transport = True
if include_transport:

pname = "parent-tran"

cname = "child-tran"
(continues on next page)
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# retrieve the exchange data from the Igr object
exchangedata = lgr.get_exchange_data(angldegx=True, cdist=True)
nexg = len(exchangedata)

# When creating the exchange, which couples the child and parent
# models, use the xt3d option, which is an alternative to the
# ghost-node correction. This xt3d option was added as a new
# capability for the gwt-gwt and gwf-gwf exchanges in MODFLOW version 6.3.0.
exg = flopy.mf6.ModflowGwtgwt (

sim,

exgtype="GWT6-GWT6",

gwfmodelnamel=gwfp.name,

gwfmodelname2=gwfc.name,

# xt3d=True,

auxiliary=["angldegx", "cdist"],

exgmnamea=pname,

exgmnameb=cname,

nexg=nexg,

exchangedata=exchangedata,

)

# Set up the parent model and use the lgr.parent object to
# help provide the necessary information.
lgrp = lgr.parent
gwtp = flopy.mf6.ModflowGwt(sim, modelname=pname, save_flows=True)
dis = flopy.mf6.ModflowGwtdis(gwtp, **lgrp.get_gridprops_dis6())
mst = flopy.mf6.ModflowGwtmst(gwtp, porosity=0.2)
ic = flopy.mf6.ModflowGwtic (gwtp)
adv = flopy.mf6.ModflowGwtadv(gwtp)
dsp = flopy.mf6.ModflowGwtdsp(gwtp, alh=1.0, athl=0.1)
ssm = flopy.mf6.ModflowGwtssm(gwtp)
oc = flopy.mf6.ModflowGwtoc(
gwtp,
budget_filerecord=f" {pname}.bud",
concentration_filerecord=f" {pname}.ucn",
saverecord=[ ("CONCENTRATION", "ALL"), ("BUDGET", "ALL")],
)

# Set up the child model and use the lgr.child object to

# help provide the necessary information.

lgrc = 1lgr.child

gwtc = flopy.mf6.ModflowGwt (sim, modelname=cname, save_flows=True)
dis = flopy.mf6.ModflowGwtdis(gwtc, **lgrc.get_gridprops_dis6())
mst = flopy.mf6.ModflowGwtmst(gwtc, porosity=0.2)

ic = flopy.mf6.ModflowGwtic(gwtc)

adv = flopy.mf6.ModflowGwtadv(gwtc)

dsp = flopy.mf6.ModflowGwtdsp(gwtc, alh=1.0, athl=0.1)

# ssm = flopy.mf6.ModflowGwtssm(gwtc)

cncspd = {0: [[(0, int(lgrc.nrow / 2), int(lgrc.ncol / 2)), 1000.0]1]1%
cnc = flopy.mf6.ModflowGwtcnc(gwtc, stress_period_data=cncspd)

oc = flopy.mf6.ModflowGwtoc(

(continues on next page)
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gwtc,

budget_filerecord=£f"{cname}.bud",

concentration_filerecord=f" {cname}.ucn",

saverecord=[ ("CONCENTRATION", "ALL"), ("BUDGET", "ALL")],

printrecord=[("CONCENTRATION", "LAST"), ("BUDGET", "ALL"™)],
)

ims_tran = flopy.mf6.ModflowIms(
sim, linear_acceleration="BICGSTAB", filename="tran.ims"

)

sim.register_ims_package(ims_tran, [gwtp.name, gwtc.name])

# couple flow and transport models
gwfgwt_p = flopy.mf6.ModflowGwigwt (
sim,
exgtype="GWF6-GWT6",
exgmnamea=gwfp .name,
exgmnameb=gwtp .name,
filename="gwfp_gwtp.gwfgwt",

)

gwfgwt_c = flopy.mf6.ModflowGwfgwt (
sim,
exgtype="GWF6-GWT6",
exgmnamea=gwfc.name,
exgmnameb=gwtc.name,
filename="gwfc_gwtc.gwfgwt",

)

# write and run simulation

sim.write_simulation(silent=True)

success, buff = sim.run_simulation(silent=True, report=True)
assert success, "Model did not run to completion."

# load and store the head arrays from the parent and child models
head = [gwfp.output.head().get_data(), gwfc.output.head().get_data()]
conc = [
gwtp.output.concentration() .get_data(),
gwtc.output.concentration().get_data(),

]

# load and store the specific discharge results for the parent and child models
bud = gwfp.output.budget()

spdis = bud.get_data(text="DATA-SPDIS")[0]

spdisp = flopy.utils.postprocessing.get_specific_discharge(spdis, gwfp)

bud = gwfc.output.budget()

spdis = bud.get_data(text="DATA-SPDIS")[0]

spdisc = flopy.utils.postprocessing.get_specific_discharge(spdis, gwfc)

# plot the results from both the parent and child models
# on the same figure
f = plt.figure(figsize=(12, 10))

(continues on next page)
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ax = plt.subplot(l, 1, 1, aspect="equal")
pmvp = flopy.plot.PlotMapView(gwfp, ax=ax)
pmvc = flopy.plot.PlotMapView(gwfc, ax=ax, extent=pmvp.extent)

# color flood head
# pmvp.plot_array(head[0], vmin=0., vmax=1., masked_values=[1.e30])
# pmvc.plot_array(Chead[1], vmin=0., vmax=1.)

# contour head
cs = pmvp.contour_array(

head[0], levels=np.linspace(®, 1), masked_values=[1.0e30]
)
cs = pmvc.contour_array(

head[1], levels=np.linspace(®, 1), masked_values=[1.0e30]
)

# color flood concentrations

al = conc[0]

a2 = conc[1]

al = np.ma.masked_where(al < 1.0, al)

a2 = np.ma.masked_where(a2 < 1.0, a2)

vmin = 0.0

vmax = 1000.0

pmvp.plot_array(al, vmin=vmin, vmax=vmax, masked_values=[1.0e30])
pa = pmvc.plot_array(a2, vmin=vmin, vmax=vmax)

plt.colorbar(pa, shrink=0.25)

# draw parent and child grids
pmvp.plot_grid(colors="black", linewidths=0.2)
pmvc.plot_grid(colors="black", linewidths=0.2)

# plot vectors
qv = pmvp.plot_vector(spdisp[0®], spdisp[l1], normalize=True, color="black™)

# qv = pmvc.plot_vector(spdisc[0], spdisc[1], normalize=True, color="white")
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try:
# ignore PermissionError on Windows
temp_dir.cleanup()
except:
pass

5.5.1 Working with MODFLOW-NWT v 1.1 option blocks

In MODFLOW-NWT an option block is present for the WEL file, UZF file, and SFR file. This block takes keyword

arguments that are supplied in an option line in other versions of MODFLOW.

The OptionBlock class was created to provide combatibility with the MODFLOW-NWT option block and allow the

user to easily edit values within the option block

import os
import sys
from tempfile import TemporaryDirectory

try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))

sys.path.append(fpth)
import flopy

from flopy.utils import OptionBlock

(continues on next page)
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print(sys.version)
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
flopy version: 3.5.0

load_ws = os.path.join("..", "..", "examples", "data", "options", "sagehen")
# temporary directory

temp_dir = TemporaryDirectory()

model_ws = os.path.join(temp_dir.name, "nwt_options", "output')

Loading a MODFLOW-NWT model that has option block options

It is critical to set the version flag in flopy.modflow.Modflow.load() to version="mfnwt'

We are going to load a modified version of the Sagehen test problem from GSFLOW to illustrate compatibility

mfexe = "mfnwt"

ml = flopy.modflow.Modflow.load(
"sagehen.nam", model_ws=load_ws, exe_name-mfexe, version="mfnwt"
)
ml .change_model_ws (new_pth-model_ws)
ml.write_input()

loading iuzfbnd array...

loading vks array...

loading eps array...

loading thts array...
stress period 1:

loading finf array...
stress period 2:

creating model workspace...
S S/ /tmp/tmp70vin3j9j /nwt_options/output

Let’s look at the options attribute of the UZF object

The uzf.options attribute is an OptionBlock object. The representation of this object is the option block that will
be written to output, which allows the user to easily check to make sure the block has the options they want.

uzf = ml.get_package("UZF")
uzf.options

OPTIONS
NOSURFLEAK
ETSQUARE 0.2
SAVEFINF

END
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The OptionBlock object also has attributes which correspond to the option names listed in the online guide to modflow

The user can call and edit the options within the option block

print(uzf.options.nosurfleak)
print(uzf.options.savefinf)

True
True

uzf.options.etsquare = False
uzf.options

OPTIONS
NOSURFLEAK
SAVEFINF
END

True

uzf.options.etsquare
uzf.options

OPTIONS
NOSURFLEAK
ETSQUARE 0.2
SAVEFINF

END

The user can also see the single line representation of the options

uzf.options.single_line_options

'"NOSURFLEAK ETSQUARE 0.2 SAVEFINF'

And the user can easily change to single line options writing

uzf.options.block = False

# write out only the uzf file
uzf_name = "uzf_opt.uzf"
uzf.write_file(os.path.join(model_ws, uzf_name))

Now let’s examine the first few lines of the new UZF file

f = open(os.path. join(model_ws, uzf name))
for ix, line in enumerate(f):
if ix ==
break
else:
print(line)

# UZF package for MODFLOW-NWT generated by Flopy 3.5.0

(continues on next page)
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NOSURFLEAK ETSQUARE 0.2 SAVEFINF

3 1 0 0 0 0 15 100 o
4 1.000000E+00 #NUZTOP IUZFOPT IRUNFLG IETFLG ipakcb IUZFCB2 NTRAIL NSETS NUZGAGES

And let’s load the new UZF file

uzf2 = flopy.modflow.ModflowUz£fl.load(
os.path. join(model_ws, uzf _name), ml, check=False

)

loading iuzfbnd array...

loading vks array...

loading eps array...

loading thts array...
stress period 1:

loading finf array...
stress period 2:

/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:667:..
. UserWarning: Two packages of the same type, Replacing existing 'UZF' package.
warn(

Now we can look at the options object, and check if it’s block or line format

block=False indicates that options will be written as line format

print (uzf2.options)
print(uzf2.options.block)

OPTIONS
NOSURFLEAK
ETSQUARE 0.2
SAVEFINF

END

False

Finally we can convert back to block format

uzf2.options.block = True
uzf2.write_file(os.path.join(model_ws, uzf_name))
ml.remove_package ("UZF")

uzf3 = flopy.modflow.ModflowUz£fl.load(
os.path. join(model_ws, uzf name), ml, check=False
)
print("\n")
print(uzf3.options)
print(uzf3.options.block)
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loading iuzfbnd array...

loading vks array...

loading eps array...

loading thts array...
stress period 1:

loading finf array...
stress period 2:

OPTIONS
NOSURFLEAK
ETSQUARE 0.2
SAVEFINF

END

True

We can also look at the WEL object

[14]: wel = ml.get_package("WEL")
wel.options

[14]: OPTIONS
SPECIFY 0.1 90
END

Let’s write this out as a single line option block and examine the first few lines

[15]: wel_name = "wel_opt.wel"
wel.options.block = False

wel . write_file(os.path.join(model_ws, wel _name))
f = open(os.path.join(model_ws, wel_name))
for ix, line in enumerate(f):
if ix == 4:
break

else:
print(line)

# WEL package for MODFLOW-NWT generated by Flopy 3.5.0
5 0 NOPRINT
SPECIFY 0.1 90

5 0 # stress period 1

And we can load the new single line options WEL file and confirm that it is being read as an option line
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ml.remove_package ("WEL")
wel2 = flopy.modflow.ModflowWel.load(
os.path.join(model_ws, wel_name), ml, nper-ml.nper, check=False

)
wel2.options
wel2.options.block

False

Building an OptionBlock from scratch

The user can also build an OptionBlock object from scratch to add to a ModflowS£fr2, ModflowUz£1, or ModflowWel
file.

The OptionBlock class has two required parameters and one optional parameter

option_line: a one line, string based representation of the options

package: a modflow package object

block: boolean flag for line based or block based options
opt_line = "specify 0.1 20"

options = OptionBlock(opt_line, flopy.modflow.ModflowlWel, block=True)
options

OPTIONS
SPECIFY 0.1 20
END

from here we can set the noprint flag by using options.noprint

options.noprint = True

and the user can also add auxillary variables by using options.auxillary

options.auxillary = ["aux", "iface"]

Now we can create a new wel file using this OptionBlock

and write it to output

wel3 = flopy.modflow.ModflowWel (
ml,
stress_period_data=wel.stress_period_data,
options=options,
unitnumber=99,

)

wel3.write_file(os.path. join(model_ws, wel_name))

/opt/hostedtoolcache/Python/3.8.18/x64/1ib/python3.8/site-packages/flopy/mbase.py:667:..
—UserWarning: Two packages of the same type, Replacing existing 'WEL' package.
warn(
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And now let’s examine the first few lines of the file

[21]: £ = open(os.path.join(model_ws, wel_name))
for ix, line in enumerate(f):
if ix ==
break
else:
print(line)

# WEL package for MODFLOW-NWT generated by Flopy 3.5.0
OPTIONS

SPECIFY 0.1 20

END
5 0 NOPRINT AUX IFACE
5 0 # stress period 1
1 35 12 20.0
1 36 13 21.0

We can see that everything that the OptionBlock class writes out options in the correct location.

The user can also switch the options over to option line style and write out the output too!

[22]: wel3.options.block = False
wel3.write_file(os.path. join(model_ws, wel_name))

f = open(os.path. join(model_ws, wel_name))
for ix, line in enumerate(f):
if ix ==
break
else:
print(line)

# WEL package for MODFLOW-NWT generated by Flopy 3.5.0
5 0 NOPRINT AUX IFACE

SPECIFY 0.1 20

5 0 # stress period 1
1 35 12 20.0
1 36 13 21.0
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try:
# ignore PermissionError on Windows
temp_dir.cleanup()

except:
pass

5.6 MT3DMS

5.6.1 MT3D-USGS: Transport with the SFR/LAK/UZF Packages (SFT/LKT/UZT), and
chemical reactions (RCT)

A more comprehensive demonstration of setting up an MT3D-USGS model that uses all of the new packages included
in the first release of MT3D-USGS. Also includes RCT.

Problem Description:

* 300 row x 300 col x 3 layer x 2 stress period model

¢ Flow model uses SFR, LAK, and UZF with connections between all three

* Transport model simulates streamflow transport (SFT), with connection to a single lake (LKT)
 Transport model simulates overland runoff and spring discharge (UZT) to surface water network

Start by importing some libraries:

import os
import sys
from tempfile import TemporaryDirectory

import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(fpth)
import flopy

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"matplotlib version: {mpl.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
numpy version: 1.24.4

(continues on next page)
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matplotlib version: 3.7.4
flopy version: 3.5.0

(continued from previous page)

Create a MODFLOW model and store it, in this case in the variable ‘mf’. The modelname will be the name given to
all MODFLOW files. The exe_name should be the name of the MODFLOW executable. In this case, we want to use
version: ‘mfnwt’ for MODFLOW-NWT

# temporary directory
temp_dir = TemporaryDirectory()
model_ws = temp_dir.name

modelpth = os.path.join(model_ws, "no3")

modelname = "no3"
mfexe = "mfnwt"
mtexe = "mt3dusgs"

# Make sure modelpth directory exists
if not os.path.isdir(modelpth):
os.makedirs(modelpth, exist_ok=True)

# Instantiate MODFLOW object in flopy
mf = flopy.modflow.Modflow(
modelname=modelname, exe_name-mfexe, model_ws=modelpth, version="mfnwt"

)

Set up model discretization

Lx = 90000.0

Ly = 90000.0

nrow = 300

ncol = 300

nlay = 3

delr = Lx / ncol

delc = Ly / nrow

xmax = ncol * delr

ymax = nrow * delc

X, Y = np.meshgrid(
np.linspace(delr / 2, xmax - delr / 2, ncol),
np.linspace(ymax - delc / 2, ® + delc / 2, nrow),

)
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Instantiate output control (oc) package for MODFLOW-NWT

[4]: oc = flopy.modflow.ModflowOc(mf)

Instantiate solver package for MODFLOW-NWT

[5]: # Newton-Raphson Solver: Create a flopy nwt package object

headtol
fluxtol
maxiterout = 5000
thickfact = 1le-06
linmeth = 2

iprnwt =
ibotav =

1.0e-4

1
1

nwt = flopy.modflow.ModflowNwt (
mf,
headtol=headtol,
fluxtol=fluxtol,
maxiterout=maxiterout,
thickfact=thickfact,
linmeth=1inmeth,
iprnwt=iprnwt,
ibotav=ibotav,
options="SIMPLE",

Instantiate discretization (DIS) package for MODFLOW-NWT

[6]: elv_pth = os.path.join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",
"dis_arrays",
"grnd_elv.txt",

)

# Top of Layer 1 elevation determined using GW Vistas and stored locally
grndElv = np.loadtxt(elv_pth)

# Bottom of layer 1 elevation also determined from use of GUI and stored locally
btl_pth = os.path.join(

"examples",
"data",

(continues on next page)
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"mt3d_example_sft_lkt_uzt",
"dis_arrays",
"botl.txt",

)
botlElv = np.loadtxt(btl_pth)

bot2Elv = np.ones(botlElv.shape) * 100
bot3Elv = np.zeros(bot2Elv.shape)

botm = [botlElv, bot2Elv, bot3Elv]
botm = np.array(botm)

Steady = [False, False]

nstp = [1, 1]

tsmult = [1.0, 1.0]

# Stress periods
perlen = [9131.25, 9131.25]

# Create the discretization object
# itmuni = 4 (days); lenuni = 1 (feet)
dis = flopy.modflow.ModflowDis(

mf,

nlay,

nrow,

ncol,

nper=2,

delr=delr,

delc=delc,

top=grndElv,

botm=botm,

laycbd=0,

itmuni=4,

lenuni=1,

steady=Steady,

nstp=nstp,

tsmult=tsmult,

perlen=perlen,

Instantiate upstream weighting (UPW) flow package for MODFLOW-NWT

# UPW must be instantiated after DIS. Otherwise, during the mf.write_input() procedures,
# flopy will crash.

# First line of UPW input is: IUPWCB HDRY NPUPW IPHDRY
hdry = -1.00e30
iphdry = 0

# Next variables are: LAYTYP, LAYAVG, CHANI, LAYVKA, LAYWET
laytyp = [1, 3, 3] # >0: convertible

(continues on next page)
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layavg = 0 # 0: harmonic mean
chani = 1.0 # >0: CHANI is the horizontal anisotropy for the entire layer
layvka = 0 # =0: indicates VKA is vertical hydraulic conductivity

laywet = 0 # Always set equal to zero in UPW package
hk = 20

# hani = 1 # Not needed because CHANI > 1
vka = 0.5 # Is equal to vert. K b/c LAYVKA = 0

ss = 0.00001

sy = 0.20

upw = flopy.modflow.ModflowUpw(
mf,
laytyp=laytyp,
layavg=layavg,
chani=chani,
layvka=layvka,
laywet=laywet,
ipakcb=53,
hdry=hdry,
iphdry=iphdry,
hk=hk,
vka=vka,
ss=ss,
sy=sy,

Instantiate basic (BAS or BA6) package for MODFLOW-NWT

[8]: ibndl_pth = os.path.join(

"examples",

"data",
"mt3d_example_sft_lkt_uzt",
"bas_arrays",
"ibnd_layl.txt",

)
ibndl = np.loadtxt(ibndl_pth)
ibnd2 = np.ones(ibndl.shape)

ibnd3 = np.ones(ibnd2.shape)

ibnd = [ibndl, ibnd2, ibnd3]
ibnd = np.array(ibnd)

StHd1_pth = os.path. join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",

(continues on next page)
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"bas_arrays",
"strthdl.txt",

)
StHd1 = np.loadtxt(StHd1_pth)

StHd2_pth = os.path. join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",
"bas_arrays",
"strthd2.txt",

)

StHd2 = np.loadtxt(StHd2_pth)

StHd3_pth = os.path.join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",
"bas_arrays",
"strthd3.txt",

)

StHd3 = np.loadtxt(StHd3_pth)

strtElev = [StHd1l, StHd2, StHd3]
strtElev = np.array(strtElev)

hdry = 999.0

bas = flopy.modflow.ModflowBas(mf, ibound=ibnd, hnoflo=hdry, strt=strtElev)

Instantiate general head boundary (GHB) package for MODFLOW-NWT

# GHB boundaries are located along the top (north) and bottom (south)
# edges of the domain, all 3 layers.

elev_stpt_rowl = 308.82281
elev_stpt_row300 = 239.13811
elev_slp = (308.82281 - 298.83649) / (ncol - 1)

sp = [1
for k in [0, 1, 2]: # These indices need to be adjusted for 0®-based moronicism
for i in [
0,
299,
]: # These indices need to be adjusted for 0-based silliness
for j in np.arange(

(continues on next page)
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0, 300, 1
): # These indices need to be adjusted for 0-based foolishness
# Skipping cells not satisfying the conditions below
if (A4 ==1and (j <27 or j > 31)) or (
i ==299 and (j < 26 or j > 31)

):
ifi%2==0:
sp.append(
[
k,
iy
Js
elev_stpt_rowl - (elev_slp * (j - 1)),
11.3636,
]
)
else:
sp.append(
[
k’
g
Js
elev_stpt_row300 - (elev_slp * (j - 1)),
11.3636,
]
)

for k in [0, 1, 2]:
for j in np.arange(26, 32, 1):
sp.append([k, 299, j, 238.20, 3409.0801])

ghb = flopy.modflow.ModflowGhb(mf, stress_period_data=sp)

Instantiate streamflow routing (SFR2) package for MODFLOW-NWT

# Read pre-prepared reach data into numpy recarrays using numpy.genfromtxt()

# Remember that the cell indices stored in the pre-prepared NO3_ReachInput.csv file are.
—based on 0-based indexing.

# Flopy will convert to 1-based when it writes the files

rpth = os.path.join(

"examples",

"data",
"mt3d_example_sft_lkt_uzt",
"sfr_data",
"no3_reachinput.csv",

(continues on next page)
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reach_data = np.genfromtxt(rpth, delimiter=",", names=True)
reach_data

# Read pre-prepared segment data into numpy recarrays using numpy.genfromtxt()

spth = os.path.join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",
"sfr_data",
"no3_segmentdata.csv",
)
ss_segment_data = np.genfromtxt(spth, delimiter=",", names=True)

segment_data = {0: ss_segment_data, 1: ss_segment_data}
segment_data[0][0:1]["widthl"]

nstrm = len(reach_data)
nss = len(segment_data[0])
nsfrpar = 0
const = 128390.4 # constant for manning's equation, units of cfs
dleak = 0.0001
ipakcb = 53 # flag for writing SFR output to cell-by-cell budget (on unit 53)
istcb2 = 37 # flag for writing SFR output to text file
isfropt = 1
dataset_5 = {
0: [nss, 0, 0],
1: [-1, 0, 0],
} # dataset 5 (see online guide) (ITMP, IRDFLG, IPTFLG)

# Input arguments generally follow the variable names defined in the Online Guide to.
—MODFLOW
sfr = flopy.modflow.ModflowSfr2(
mf,
nstrm=nstrm,
nss=nss,
const=const,
dleak=dleak,
ipakcb=ipakch,
istcb2=istcbh2,
isfropt=isfropt,
reachinput=True,
reach_data=reach_data,
segment_data=segment_data,
dataset_5=dataset_5,
unit_number=15,
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Instantiate Lake (LAK) package for MODFLOW-NWT

# Read pre-prepared lake arrays
LakArr_pth = os.path.join(

"examples",
"data",
"mt3d_example_sft_lkt_ uzt",
"lak_arrays",
"lakarrl.txt",
)
LakArr_lyrl = np.loadtxt(LakArr_pth)
LakArr_lyr2 = np.zeros(LakArr_lyrl.shape)
LakArr_lyr3 = np.zeros(LakArr_lyr2.shape)

LakArr [LakArr_lyrl, LakArr_lyr2, LakArr_lyr3]
LakArr = np.array(LakArr)

nlakes = int(np.max(LakArr))
ipakcb = ipakcb # From above
theta = -1.0 # Implicit

nssitr = 10 # Maximum number of iterations for Newton’s method

sscncr = 1.000e-03 # Convergence criterion for equilibrium lake stage solution
surfdep = 2.000e00 # Height of small topological variations in lake-bottom
stages = 268.00 # Initial stage of each lake at the beginning of the run

# ITMP > 0, read lake definition data

# ITMP1 0, read new recharge, evaporation, runoff, and withdrawal data for each lake

# LWRT > 0, suppresses printout from the lake package

bdlknc_lyrl = LakArr_lyrl.copy()
bdlknc_lyr2 = LakArr_lyrl.copy()
bdlknc_lyr3 = np.zeros(LakArr_lyrl.shape)

# Need to expand bdlknc_lyrl non-zero values by 1 in either direction

# (left/right and up/down)
for i in np.arange(0®, LakArr_lyrl.shape[0]):
for j in np.arange(0, LakArr_lyrl.shape[1]):
iml =i -1

ipl =i + 1
jml = j - 1
jpl = j + 1

if iml >= 0:

if LakArr_lyri[i, j] == 1 and LakArr_lyri[iml, j] == O:

bdlknc_lyri[iml, j] =1

if ipl < LakArr_lyrl.shape[0]:

if LakArr_lyri[i, j] == 1 and LakArr_lyri[ipl, j] == O:

bdlknc_lyri[ipl, j] =1

(continues on next page)
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bdlknc = [bdlknc_lyrl, bdlknc_lyr2,
bdlknc = np.array(bdlknc)
flux_data = {0: [[0.0073, 0.0073, 0.

if jml >= 0:
if LakArr_lyri[i, j] ==
bdlknc_lyrl[i, jml]

1 and LakArr_lyri[i, jml] == 0:
= il

if jpl < LakArr_lyrl.shape[1]:

if LakArr_lyri[i, j] ==
bdlknc_lyrl[i, jpl]

lak = flopy.modflow.ModflowLak(

mf,

nlakes=nlakes,
ipakcb=ipakch,

the
nss

ta=theta,
itr=nssitr,

sscncr=sscncr,

sur

fdep=surfdep,

stages=stages,
lakarr=LakArr,

bdl

knc=bdlknc,

flux_data=flux_data,

uni

t_number=16,

1 and LakArr_lyri[i, jpl] == 0:
= 1l

bdlknc_lyr3]

0, 0.0]], 1:

Instantiate gage package for use with MODFLOW-NWT package

(continued from previous page)

[[0.0073, 0.0073, 0.0, 0.0]]}

=[[1,38,61,1],[2,67,62,1], [3,176,63,1], [4,152,64,1], [5,186,65,1], [6,31,66,

[12]: gages = [

[1, 225, 90, 3],
[2, 68, 91, 3],
[3, 33, 92, 3],
[4, 165, 93, 3],
[5, 123, 94, 3],
[6, 77, 95, 3],
[z, 173, 96, 31,
[8, 328, 97, 3],
[9, 115, 98, 3],
[-1, -101, 17,

]

# gages

<177

files = [
"no3.gag",

"segl_gag.out",
"seg2_gag.out",

(continues on next page)
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(continued from previous page)

"seg3_gag.out",
"seg4_gag.out",
"seg5_gag.out",
"seg6_gag.out",
"seg7_gag.out",
"seg8_gag.out",
"seg9_gag.out",

"lakl_gag.out",
]

numgage = len(gages)
gage = flopy.modflow.ModflowGage(
mf, numgage=numgage, gage_data=gages, filenames=files

)

Instantiate Unsaturated-Zone Flow (UZF) package for MODFLOW-NWT

[13]: nuztop = 2

iuzfopt = 2
irunflg = 1
ietflg = 0
iuzfcb = 52
iuzfcb2 = 0
ntrail2 = 20
nsets2 = 20
nuzgag = 2
surfdep = 2.0
eps = 3.0
thts = 0.30

thti = 0.13079

fname_uzbnd = os.path. join(

"examples",
"data",
"mt3d_example_sft_lkt uzt",
"uzf_arrays",
"iuzbnd.txt",

D)

fname_runbnd = os.path. join(

"examples",

"data",
"mt3d_example_sft_lkt_uzt",
"uzf_arrays",
"irunbnd.txt",

(continues on next page)
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iuzfbnd = np.loadtxt(fname_uzbnd)
irunbnd = np.loadtxt(fname_runbnd)

uzgag = [[106, 160, 121, 3], [1, 1, -122, 1]]
finf = {0: 1.8250e-03, 1: 1.8250e-03}

uzf = flopy.modflow.ModflowUzf1l(
mf,
nuztop=nuztop,
iuzfopt=iuzfopt,
irunflg=irunflg,
ietflg=ietflg,
ipakcb=iuzfch,
iuzfcb2=iuzfch2,
ntrail2=ntrail2,
nsets=nsets2,
surfdep=surfdep,
uzgag=uzgag,
iuzfbnd=1,
irunbnd=0,
vks=1.0e-6,
eps=3.5,
thts=0.35,
thtr=0.15,
thti=0.20,

Instantiate Drain (DRN) package for MODFLOW-NWT

[14]: fname_drnElv = os.path.join(

"examples",
"data",
"mt3d_example_sft_lkt_uzt",
"drn_arrays",
"elv.txt",

)

fname_drnCond = os.path. join(

"examples",

"data",
"mt3d_example_sft_lkt_uzt",
"drn_arrays",

"cond.txt",

(continues on next page)
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drnElv = np.loadtxt(fname_drnElv)
drnCond = np.loadtxt(fname_drnCond)

drnElv_lst = pd.DataFrame(

{
"lay": 1,
"row": np.nonzero(drnElv)[0] + 1,
"col": np.nonzero(drnElv)[1] + 1,
"elv": drnElv[np.nonzero(drnElv)],
"cond": drnCond[np.nonzero(drnCond)],
1
columns=["lay", "row", "col", "elv", "cond"],

)

# Convert the DataFrame into a list of lists for the drn constructor
stress_period_data = drnElv_lst.values.tolist()

# Create a dictionary, 1 entry for each of the two stress periods.
stress_period_data = {0: stress_period_data, 1: stress_period_data}

drn = flopy.modflow.ModflowDrn(
mf, ipakcb=ipakcb, stress_period_data=stress_period_data

)

Instantiate linkage with mass transport routing (LMT) package for MODFLOW-NWT (generates linker
file)

Imt = flopy.modflow.ModflowLmt (
mf,
output_file_name="NO3.ftl",
output_file_header="extended",
output_file_format="formatted",
package_flows=["all"],

Now work on MT3D-USGS file creation

# Start by setting up MT3D-USGS class and pass in MODFLOW-NWT object for setting up a.
—number of the BTN arrays

mt = flopy.mt3d.Mt3dms(
modflowmodel-mf,
modelname=modelname,
model_ws=modelpth,
version="mt3d-usgs",
namefile_ext="mtnam",
exe_name=mtexe,
ftlfilename="no3.ftl",

(continues on next page)
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ftlfree=True,

Instantiate basic transport (BTN) package for MT3D-USGS

ncomp = 1
lunit = "FT"
sconc = 0.0
prsity = 0.3
cinact = -1.0
thkmin = 0.000001
nprs = -2
nprobs = 10
nprmas = 10
dt® = 0.1
nstp = 1
mxstrn = 500

ttsmult = 1.2
ttsmax = 100

# These observations need to be entered with 0-based indexing

obs = [[0, 104, 158], [1, 104, 158], [2,

btn = flopy.mt3d.Mt3dBtn(
mt,
MFStyleArr=True,
DRYCell=True,
lunit=lunit,
sconc=sconc,
ncomp=ncomp,
prsity=prsity,
cinact=cinact,
obs=obs,
thkmin=thkmin,
nprs=nprs,
nprobs=nprobs,
chkmas=True,
nprmas=nprmas,
dt®=dto,
nstp=nstp,
mxstrn=mxstrn,
ttsmult=ttsmult,
ttsmax=ttsmax,

1581]

(continued from previous page)
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Instantiate advection (ADV) package for MT3D-USGS

[18]: mixelm = ©
percel 1.0000
mxpart 5000
nadvfd = 1 # (1 = Upstream weighting)

adv = flopy.mt3d.Mt3dAdv(
mt, mixelm=mixelm, percel=percel, mxpart=mxpart, nadvfd=nadvfd

)

Instantiate generalized conjugate gradient solver (GCG) package for MT3D-USGS

[19]: mxiter = 1
iterl = 50
isolve = 3
ncrs = 0
accl = 1.000000
cclose = 1.00e-06
iprgcg = 5

gcg = flopy.mt3d.Mt3dGeg(
mt,
mxiter=mxiter,
iterl=iterl,
isolve=isolve,
ncrs=ncrs,
accl=accl,
cclose=cclose,
iprgcg=iprgcg,

Instantiate dispersion (DSP) package for MT3D-USGS

[20]: al = 0.1 # longitudinal dispersivity
trpt = 0.1 # ratio of the horizontal transverse dispersivity to 'AL’
trpv = 0.1 # ratio of the vertical transverse dispersitvity to 'AL'
dmcoef = 1.0000e-10

dsp = flopy.mt3d.Mt3dDsp(
mt, al=al, trpt=trpt, trpv=trpv, dmcoef=dmcoef, multiDiff=True
)
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Instantiate source-sink mixing (SSM) package for MT3D-USGS

# no user-specified concentrations associated with boundary conditions
mxss = 11199

ssm = flopy.mt3d.Mt3dSsm(mt, mxss=mxss)

Instantiate reaction (RCT) package for MT3D-USGS

isothm = 0
ireact = 1
irctop = 2
igetsc = 0

ireaction = 0

rcl = 6.3258e-04 # first-order reaction rate for the dissolved phase
rc2 = 0.0 # Decay on Soil Layer

rct = flopy.mt3d.Mt3dRct(
mt, isothm=isothm, ireact=ireact, igetsc=igetsc, rcl=rcl, rc2=rc2

Instantiate streamflow transport (SFT) package for MT3D-USGS

nsfinit = len(reach_data)
mxsfbc = len(reach_data)
icbcsf = 0

ioutobs = 92

isfsolv = 1

wimp = 0.5
wups = 1.0
cclosesf = 1.0e-6
mxitersf = 10
crntsf = 1.0

iprtxmd = 0
coldsf = 0
dispsf = 0

obs_sf = [225, 293, 326, 491, 614, 691, 864, 1192, 1307]
sf_stress_period_data = {0: [0, O, 0], 1: [0, O, 0], 2: [0, O, 0]}

gage_output = [None, None, "no3.sftobs"]

sft = flopy.mt3d.Mt3dS£ft(
mt,
nsfinit=nsfinit,
mxsfbc=mxsfbc,
icbcsf=icbcsft,
ioutobs=ioutobs,

(continues on next page)
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isfsolv=isfsolv,
wimp=wimp,

WUpS=Wups,
cclosesf=cclosesf,
mxitersf-mxitersf,
crntsf=crntsf,
iprtxmd=iprtxmd,
coldsf=coldsf,
dispsf=dispsf,
nobssf=1len(obs_sf),
obs_sf-obs_sf,
sf_stress_period_data=sf_stress_period_data,
filenames=gage_output,

Instantiate unsaturated-zone transport (UZT) package for MT3D-USGS

mxuzcon = np.count_nonzero (irunbnd)
icbcuz = 45

iet = 0

wc = np.ones((nlay, nrow, ncol)) * 0.29
sdh = np.ones((nlay, nrow, ncol))

uzt = flopy.mt3d.Mt3dUzt(
mt,
mxuzcon=mxuzcon,
icbcuz=icbcuz,
iet=iet,
iuzfbnd=iuzfbnd,
sdh=sdh,
cuzinf=1.4158e-03,
filenames="no3",

Instantiate lake transport (LKT) package for MT3D-USGS

nlkinit = 1

mxlkbc = 720
icbclk = 81
ietlak = 1
coldlak = 1

lkt_flux_data = {0: [[0, 1, 0.01667]], 1: [[®, 1, 0.02667]]1}

1kt = flopy.mt3d.Mt3dLkt(
mt,
nlkinit=nlkinit,
mxlkbc=mxlkbc,

(continued from previous page)
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icbclk=icbclk,

ietlak=ietlak,

coldlak=coldlak,

1k _stress_period_data=1kt_flux_data,

Write the MT3D-USGS input files for inspecting and running

mf.write_input()
mt.write_input()

# mf.run_model ()
# mt.run_model ()

5.6.2 Using FloPy to simplify the use of the MT3DMS SSM package

A multi-component transport demonstration

import os
import sys
from tempfile import TemporaryDirectory

import numpy as np

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(£fpth)
import flopy

print(sys.version)
print (f"numpy version: {np.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]
numpy version:

1.24.4
flopy version: 3.5

.0

First, we will create a simple model structure

nlay, nrow, ncol = 10, 10, 10
perlen = np.zeros((10), dtype=float) + 10
nper = len(perlen)

ibound = np.ones((nlay, nrow, ncol), dtype=int)

(continues on next page)
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botm = np.arange(-1, -11, -1)
top = 0.0

Create the MODFLOW packages

# temporary directory
temp_dir = TemporaryDirectory()
model_ws = temp_dir.name

modelname = "ssmex"
mf = flopy.modflow.Modflow(modelname, model_ws=model_ws)
dis = flopy.modflow.ModflowDis(

mf,

nlay=nlay,

Nrow=nrow,

ncol=ncol,

perlen=perlen,

nper=nper,

botm=botm,

top=top,

steady=False,
)
bas = flopy.modflow.ModflowBas(mf, ibound=ibound, strt=top)
lpf = flopy.modflow.ModflowLpf(mf, hk=100, vka=100, ss=0.00001, sy=0.1)
oc = flopy.modflow.ModflowOc (mf)
pcg = flopy.modflow.ModflowPcg(mf)
rch = flopy.modflow.ModflowRch(mf)

We’ll track the cell locations for the SSM data using the MODFLOW boundary conditions.

Get a dictionary (dict) that has the SSM itype for each of the boundary types.

itype = flopy.mt3d.Mt3dSsm.itype_dict()
print(itype)

print (flopy.mt3d.Mt3dSsm.get_default_dtype())
ssm_data = {}

{'CHD': 1, 'BAS6': 1, 'PBC': 1, 'WEL': 2, 'DRN': 3, 'RIV': 4, 'GHB': 5, 'MAS': 15, 'CC':.
=13
[C'k", '<i8'), ('i', '<i8"), ('j', '<i8"), ('css', '<f4'), ('itype', '<i8")]

Add a general head boundary (ghb). The general head boundary head (bhead) is 0.1 for the first 5 stress periods with
a component 1 (comp_1) concentration of 1.0 and a component 2 (comp_2) concentration of 100.0. Then bhead is
increased to 0.25 and comp_1 concentration is reduced to 0.5 and comp_2 concentration is increased to 200.0

ghb_data = {}

print (flopy.modflow.ModflowGhb.get_default_dtype())
ghb_data[0] = [(4, 4, 4, 0.1, 1.5)]

ssm_datal[0] [C4, 4, 4, 1.0, itype["GHB"], 1.0, 100.0)]
ghb_datal5] [C4, 4, 4, 0.25, 1.5)]

ssm_datal[5] [C4, 4, 4, 0.5, itype["GHB"], 0.5, 200.0)]

(continues on next page)
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for k in range(nlay):
for i in range(nrow):
ghb_data[0].append((k, i, O,
ssm_data[0].append((k, i, ©

0.0, 100.0))
, 0.0, itype["GHB"], 0.0, 0.0))
ghb_datal5] [(4, 4, 4, 0.25, 1.5)]
ssm_data[5] [C4, 4, 4, 0.5, itype["GHB"], 0.5, 200.0)]
for k in range(nlay):
for i in range(nrow):
ghb_data[5].append((k, i, 0, -0.5, 100.0))
ssm_data[5].append((k, i, O, 0.0, itype["GHB"], 0.0, 0.0))

[('k", '<i8"), ('i', '<i8"), ('j', '<i8"'), ('bhead', '<f4'), ('cond', '<f4')]

Add an injection well. The injection rate (f1ux) is 10.0 with a comp_1 concentration of 10.0 and a comp_2 concen-
tration of 0.0 for all stress periods. WARNING: since we changed the SSM data in stress period 6, we need to add the
well to the ssm_data for stress period 6.

wel_data = {}

print (flopy.modflow.ModflowWel .get_default_dtype())
wel_data[®] = [(0, 4, 8, 10.0)]

ssm_data[0].append((0, 4, 8, 10.0, itype["WEL"], 10.0, 0.0))
ssm_data[5].append((0, 4, 8, 10.0, itype["WEL"], 10.0, 0.0))

[('k', '<i8"), ('i', '<«i8"), ('j', '<«i8"), ('flux', '<f4")]
Add the GHB and WEL packages to the mf MODFLOW object instance.

ghb = flopy.modflow.ModflowGhb(mf, stress_period_data=ghb_data)
wel = flopy.modflow.ModflowWel (mf, stress_period_data=wel_data)

Create the MT3DNMS packages

mt = flopy.mt3d.Mt3dms(modflowmodel=mf, modelname=modelname, model_ws=model_ws)
btn = flopy.mt3d.Mt3dBtn(mt, sconc=0, ncomp=2, sconc2=50.0)

adv = flopy.mt3d.Mt3dAdv (mt)
ssm = flopy.mt3d.Mt3dSsm(mt, stress_period_data=ssm_data)
gcg = flopy.mt3d.Mt3dGecg(mt)

found 'rch' in modflow model, resetting crch to 0.0
SSM: setting crch for component 2 to zero. kwarg name crch2

Let’s verify that stress_period_data has the right dtype

print(ssm.stress_period_data.dtype)

[C'k', '<i8"), ('i', '<i8"), ('j', '<i8"), ('css', '<f4'), ('itype', '<i8'), ('cssm(01)',
— '<f4'), ('cssm(02)', '<f4')]
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Create the SEAWAT packages

swt = flopy.seawat.Seawat(
modflowmodel-mf,
mt3dmodel=mt,
modelname=modelname,
namefile_ext="nam_swt",
model_ws=model_ws,

)

vdf = flopy.seawat.SeawatVdf(swt, mtdnconc=0, iwtable=0, indense=-1)

mf.write_input()
mt.write_input()
swt.write_input()

And finally, modify the vdf package to fix indense.

fname = f"/modelname;}.vdf"
f = open(os.path. join(model_ws, fname))
lines = f.readlines()
f.close()
f = open(os.path. join(model_ws, fname), "w'")
for line in lines:
f.write(line)
for kper in range(nper):
f.write("-1\n")
f.close()

try:
# ignore PermissionError on Windows
temp_dir.cleanup()

except:
pass

5.6.3 SEAWAT Tutorial 1: Henry Saltwater Intrusion Problem

In this tutorial, we will use Flopy to create, run, and post process the Henry saltwater intrusion problem using SEAWAT

Version 4.

# ## Getting Started
from pathlib import Path
from tempfile import TemporaryDirectory

import numpy as np

import flopy
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Input variables for the Henry Problem

Lx = 2.0

Lz = 1.0

nlay = 50

nrow = 1

ncol = 100

delr = Lx / ncol
delc = 1.0

delv = Lz / nlay

henry_top = 1.0

henry_botm = np.linspaceChenry_top - delv, 0.0, nlay)

ginflow = 5.702 # m3/day

dmcoef = 0.57024 # m2/day Could also try 1.62925 as another case of the Henry problem

hk = 864.0 # m/day

Create the basic MODFLOW model structure

temp_dir = TemporaryDirectory()
workspace = temp_dir.name
name = "seawat_henry"

swt = flopy.seawat.Seawat(name, exe_name="swtv4", model_ws=workspace)

print (swt.namefile)

seawat_henry.nam

save cell fluxes to unit 53

ipakcb = 53

Add DIS package to the MODFLOW model

dis = flopy.modflow.ModflowDis(
swt,
nlay,
nrow,
ncol,
nper=1,
delr=delr,
delc=delc,
laycbd=0,
top=henry_top,
botm=henry_botm,
perlen=1.5,
nstp=15,

# Variables for the BAS package

ibound = np.ones((nlay, nrow, ncol), dtype=np.int32)

ibound[:, :, -1] = -1

Add BAS package to the MODFLOW model
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bas = flopy.modflow.ModflowBas(swt, ibound, ®)

Add LPF package to the MODFLOW model

1pf = flopy.modflow.ModflowLpf(swt, hk=hk, vka=hk, ipakcb=ipakcb)

Add PCG Package to the MODFLOW model

pcg = flopy.modflow.ModflowPcg(swt, hclose=1.0e-8)

Add OC package to the MODFLOW model

oc = flopy.modflow.ModflowOc(
swt,
stress_period_data={(0®, 0): ["save head", "save budget"]},
compact=True,

Create WEL and SSM data

itype = flopy.mt3d.Mt3dSsm.itype_dict()

wel_data = {}

ssm_data = {}

wel_spl = []

ssm_spl = []

for k in range(nlay):
wel_spl.append([k, 0, 0, qginflow / nlay])
ssm_spl.append([k, 0, 0, 0.0, itype["WEL"]])
ssm_spl.append([k, 0, ncol - 1, 35.0, itype["BAS6"]1])

wel_data[0] = wel_spl

ssm_data[0] = ssm_spl

wel = flopy.modflow.ModflowWel (swt, stress_period_data=wel_data, ipakcb=ipakcb)

Create the basic MT3DMS model structure

btn = flopy.mt3d.Mt3dBtn(
swt,
nprs=-5,
prsity=0.35,
sconc=35.0,
ifmtcn=0,
chkmas=False,
nprobs=10,
nprmas=10,
dt0=0.001,

adv = flopy.mt3d.Mt3dAdv(swt, mixelm=0)

dsp = flopy.mt3d.Mt3dDsp(swt, al=0.0, trpt=1.0, trpv=1.0, dmcoef=dmcoef)
gcg flopy.mt3d.Mt3dGcg(swt, iterl1=500, mxiter=1, isolve=1, cclose=1le-7)
ssm = flopy.mt3d.Mt3dSsm(swt, stress_period_data=ssm_data)
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Create the SEAWAT model structure

vdf = flopy.seawat.SeawatVdf(
swt,
iwtable=0,
densemin=0,
densemax=0,
denseref=1000.0,
denseslp=0.7143,
firstdt=1e-3,

Write the input files

swt.write_input()

Run the model

success, buff = swt.run_model(silent=True, report=True)
assert success, "SEAWAT did not terminate normally."

Post-process the results

import numpy as np

import flopy.utils.binaryfile as bf

Load the concentration data

ucnobj = bf.UcnFile(Path(workspace) / "MT3D0O1.UCN", model=swt)
times = ucnobj.get_times()
concentration = ucnobj.get_data(totim=times[-1])

Load the cell-by-cell flow data

cbbobj = bf.CellBudgetFile(Path(workspace) / f"{name}.chc")
times = cbbobj.get_times()

gx = cbbobj.get_data(text="flow right face", totim=times[-1])[0]
qy = np.zeros((nlay, nrow, ncol), dtype=float)

gz = cbbobj.get_data(text="flow lower face", totim=times[-1])[0]
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Create a plot with concentrations and flow vectors
import matplotlib.pyplot as plt

fig = plt.figure(figsize=(12, 9))

ax = fig.add_subplot(l, 1, 1, aspect="equal')

pmv = flopy.plot.PlotCrossSection(model=swt, ax=ax, line={"row": 0})
arr = pmv.plot_array(concentration)

pmv.plot_vector(gx, qy, -9z, color="white", kstep=3, hstep=3)
plt.colorbar(arr, shrink=0.5, ax=ax)

ax.set_title("Simulated Concentrations'")

Text(0.5, 1.0, 'Simulated Concentrations')

Simulated Concentrations
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Load the head data
headobj = bf.HeadFile(Path(workspace) / f"{name}.hds")
times = headobj.get_times()
head = headobj.get_data(totim=times[-1])
Create a plot with heads
fig = plt.figure(figsize=(12, 9))
ax = fig.add_subplot(l, 1, 1, aspect="equal')
pmv = flopy.plot.PlotCrossSection(model=swt, ax=ax, line={"row": 03})
arr = pmv.plot_array(head)
contours = pmv.contour_array(Chead, colors="white")
ax.clabel(contours, fmt=" ")
plt.colorbar(arr, shrink=0.5, ax=ax)
ax.set_title("Simulated Heads")
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Text (0.5, 1.0, 'Simulated Heads')

0.0000
-0.0025
—0.0050
—0.0075
—0.0100
—-0.0125
—0.0150
0.2
—-0.0175
0.0 T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175
try:
temp_dir.cleanup()
except:
# prevent windows permission error
pass

5.7.1 Support for PEST

This notebook demonstrates the current parameter estimation functionality that is available with FloPy. The capability
to write a simple template file for PEST is the only capability implemented so far. The plan is to develop functionality

for creating PEST instruction files as well as the PEST control file.

import os
import sys
from tempfile import TemporaryDirectory

import numpy as np

# run installed version of flopy or add local path
try:
import flopy
except:
fpth = os.path.abspath(os.path.join("..", ".."))
sys.path.append(£fpth)
import flopy

print(sys.version)

(continues on next page)
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print (f"numpy version: {np.__version__}")
print(f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

flopy version: 3.5.0

This notebook will work with a simple model using the dimensions below

# temporary directory
temp_dir = TemporaryDirectory()
workspace = temp_dir.name

# Define the model dimensions

nlay = 3
nrow = 20
ncol = 20

# Create the flopy model object and add the dis and Ipf packages
m = flopy.modflow.Modflow(modelname="mymodel", model_ws=workspace)
dis = flopy.modflow.ModflowDis(m, nlay, nrow, ncol)

1pf = flopy.modflow.ModflowLpf(m, hk=10.0)

Simple One Parameter Example

In order to create a PEST template file, we first need to define a parameter. For example, let’s say we want to parame-
terize hydraulic conductivity, which is a static variable in flopy and MODFLOW. As a first step, let’s define a parameter
called HK_LAYER_1 and assign it to all of layer 1. We will not parameterize hydraulic conductivity for layers 2 and
3 and instead leave HK at its value of 10. (as assigned in the block above this one). We can do this as follows.

mfpackage = "lpf"

partype = "hk"

parname = "HK_LAYER_ 1"

idx = np.empty((nlay, nrow, ncol), dtype=bool)
idx[0] = True

idx[1:] = False

# The span variable defines how the parameter spans the package
span = {"idx": idx}

# These parameters have not affect yet, but may in the future
startvalue = 10.0

lbound = 0.001

ubound = 1000.0

transform = "log"

p = flopy.pest.Params(
mfpackage, partype, parname, startvalue, lbound, ubound, span

)

At this point, we have enough information to the write a PEST template file for the LPF package. We can do this using
the following statement:
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tw = flopy.pest.TemplateWriter(m, [p])
tw.write_template()

The following packages will be parameterized: ['LPF']

At this point, the Ipf template file will have been created. The following block will print the template file.

lines = open(os.path. join(workspace, "mymodel.lpf.tpl")).readlines()
for 1 in lines:
print(l.stripQ)

ptf ~
# LPF package for MODFLOW-2005 generated by Flopy 3.5.0
0 -1E+30 0
0 0
0 0
.000000E+00 1.000000E+00 1.000000E+00
0 0
0 0
CONSTANT ~ HK_LAYER_1 ~ #hk Layer 1
CONSTANT 1.000000E+00 #vkal
CONSTANT 108.0 #hk Layer 2
CONSTANT 1.000000E+00 #vka2
CONSTANT 10.0 #hk Layer 3
CONSTANT 1.000000E+00 #vka3s

(=N — I o — )

The span variable will also accept ‘layers’, in which the parameter applies to the list of layers, as shown next. When
‘layers’ is specified in the span dictionary, then the original hk value of 10. remains in the array, and the multiplier is
specified on the array control line.

mfpackage = "lpf"
partype = "hk"
parname = "HK_LAYER_1-3"

# Span indicates that the hk parameter applies as a multiplier to layers 0 and 2.
< (MODFLOW layers 1 and 3)
span = {"layers": [0, 2]}

# These parameters have not affect yet, but may in the future
startvalue = 10.0

lbound = 0.001

ubound = 1000.0

transform = "log"

p = flopy.pest.Params/(

mfpackage, partype, parname, startvalue, lbound, ubound, span
)
tw = flopy.pest.templatewriter.TemplateWriter(m, [p])
tw.write_template()

The following packages will be parameterized: ['LPF']
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lines = open(os.path.join(workspace, "mymodel.lpf.tpl")).readlines()
for 1 in lines:
print(l.stripQ)

ptf ~

# LPF package for MODFLOW-2005 generated by Flopy 3.5.0
0 -1E+30

0 0

0 0

1.000000E+00 1.000000E+00 1.000000E+00

0 0

0 0

INTERNAL ~ HK_LAYER_1-3 ~ (FREE) -1 #hk Layer 1
10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
o 10.0 10.0 10.0

10.0 10.0 10.0 10.0
o 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
o 10.0 10.0 10.0

10.0 10.0 10.0 10.0
o 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
. 10.0 10.0 10.0

10.0 10.0 10.0 10.0
N 10.0 10.0 10.0

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

0

0
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10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
o 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
o 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

CONSTANT 1.000000E+00 #vkal

CONSTANT 10.0 #hk Layer 2

CONSTANT 1.000000E+00 #vka2

INTERNAL ~ HK_LAYER_1-3 ~ (FREE) -1 #hk Layer 3

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

(continues on next page)
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10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0 10.0 o
= 10.0 10.0 10.0 10.0

(continues on next page)
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10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
< 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

CONSTANT 1.000000E+00 #vka3

Multiple Parameter Zoned Approach

The params module has a helper function called zonearray2params that will take a zone array and some other informa-
tion and create a list of parameters, which can then be passed to the template writer. This next example shows how to
create a slightly more complicated LPF template file in which both HK and VKA are parameterized.

[8]: # Create a zone array
zonearray = np.ones((nlay, nrow, ncol), dtype=int)
zonearray[0®, 10:, 7:] = 2
zonearray[0, 15:, 9:] =3
zonearray[1l] = 4

[9]: # Create a list of parameters for HK
mfpackage = "lpf"
parzones = [2, 3, 4]
parvals = [56.777, 78.999, 99.0]

lbound = 5
ubound = 500
transform = "log"

plisthk = flopy.pest.zonearray2params(
mfpackage, "hk", parzones, lbound, ubound, parvals, transform, zonearray

)

In this case, Flopy will create three parameters: hk_2, hk_3, and hk_4, which will apply to the horizontal hydraulic con-
ductivity for cells in zones 2, 3, and 4, respectively. Only those zone numbers listed in parzones will be parameterized.
For example, many cells in zonearray have a value of 1. Those cells will not be parameterized. Instead, their hydraulic
conductivity values will remain fixed at the value that was specified when the Flopy LPF package was created.
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[10]: # Create a list of parameters for VKA
parzones = [1, 2]
parvals = [0.001, 0.0005]
zonearray = np.ones((nlay, nrow, ncol), dtype=int)
zonearray[1l] = 2
plistvk = flopy.pest.zonearray2params
mfpackage, "vka'", parzones, lbound, ubound, parvals, transform, zonearray

)

[11]: # Combine the HK and VKA parameters together
plist = plisthk + plistvk
for p in plist:
print(p.name, p.mfpackage, p.startvalue)

hk_2 1pf 56.777
hk_3 1pf 78.999
hk_4 1pf 99.0

vka_1 1pf 0.001
vka_2 1pf 0.0005

[12]: # Write the template file
tw = flopy.pest.templatewriter.TemplateWriter(m, plist)
tw.write_template()

The following packages will be parameterized: ['LPF']

[13]: # Print contents of template file
lines = open(os.path.join(workspace, "mymodel.lpf.tpl")).readlines()
for 1 in lines:
print(l.strip(Q)

ptf ~

# LPF package for MODFLOW-2005 generated by Flopy 3.5.0

0 -1E+30 0

0 0 0

0 0 0

1.000000E+00 1.000000E+00 1.000000E+00

0 0 0

0 0 0

INTERNAL 1.0 (FREE) -1 #hk Layer 1

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 =
. 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

(continues on next page)
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10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 10.0 10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

~ hk_2 ~ ~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ ~ hk_2 ~ ~ hk_
-2 ~ o~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ o~ hk_2 ~ ~ hk_2 ~

~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ ~ hk_
-2 ~ o~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ ~ hk_2 ~ ~ hk_2 ~

~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ ~ hk_2 ~ ~ hk_
2 ~ o~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ ~ hk_2 ~ ~ hk_2 ~

~ hk_2 ~ ~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ ~ hk_2 ~ ~ hk_
2 ~ o~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~ ~ hk_2 ~ o~ hk_
-2 ~ o~ hk_2 ~ ~ hk_2 ~ o~ hk_2 ~ o~ hk_2 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ o~ hk_2 ~ ~ hk_3 ~

~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_
-3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~

(continues on next page)
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10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ ~ hk_2 ~ o~ hk_3 ~

~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ ~ hk_3 ~ ~ hk_
-3 ~ o~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
. 10.0 ~ hk_2 ~ ~ hk_2 ~ ~ hk_3 ~

~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ ~ hk_3 ~ o~ hk_
-3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ ~ hk_2 ~ ~ hk_3 ~

~ hk_3 ~ ~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ ~ hk_3 ~ ~ hk_
-3 ~ o~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~

10.0 10.0 10.0 10.0 10.0 10.0 o
- 10.0 ~ hk_2 ~ o~ hk_2 ~ o~ hk_3 ~

~ hk_3 ~ ~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ ~ hk_3 ~ ~ hk_
-3 ~ o~ hk_3 ~ ~ hk_3 ~ o~ hk_3 ~ o~ hk_3 ~

CONSTANT ~ vka_1 ~ #vkal

CONSTANT ~ hk_4 ~ #hk Layer 2

CONSTANT ~ vka_2 ~ #vka2
CONSTANT 10.0 #hk Layer 3
CONSTANT ~ vka_1 ~ #vka3

Two-Dimensional Transient Arrays

Flopy supports parameterization of transient two dimensional arrays, like recharge. This is similar to the approach for
three dimensional static arrays, but there are some important differences in how span is specified. The parameter span
here is also a dictionary, and it must contain a ‘kper’ key, which corresponds to a list of stress periods (zero based, of
course) for which the parameter applies. The span dictionary must also contain an ‘idx’ key. If span[‘idx’] is None,
then the parameter is a multiplier for those stress periods. If span[‘idx’] is a tuple (iarray, jarray), where iarray and
jarray are a list of array indices, or a boolean array of shape (nrow, ncol), then the parameter applies only to the cells
specified in idx.

# Define the model dimensions (made smaller for easier viewing)

nlay = 3
nrow = 5
ncol =5
nper = 3

# Create the flopy model object and add the dis and Ipf packages
m = flopy.modflow.Modflow(modelname="mymodel", model_ws=workspace)
dis = flopy.modflow.ModflowDis(m, nlay, nrow, ncol, nper=nper)

1pf = flopy.modflow.ModflowLpf(m, hk=10.0)

rch = flopy.modflow.ModflowRch(m, rech={0: 0.001, 2: 0.003})

Next, we create the parameters

plist = []

# Create a multiplier parameter for recharge
mfpackage = "rch"
partype = "rech"
(continues on next page)
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parname = "RECH_MULT"
startvalue = None
lbound = None

ubound = None
transform = None

# For a recharge multiplier, span['idx'] must be None
idx = None
span = {"kpers": [0, 1, 2], "idx": idx}
p = flopy.pest.Params/(
mfpackage, partype, parname, startvalue, lbound, ubound, span
)
plist.append(p)

[17]: # Write the template file
tw = flopy.pest.TemplateWriter(m, plist)
tw.write_template()

The following packages will be parameterized: ['RCH']

[18]: # Print the results
lines = open(os.path.join(workspace, "mymodel.rch.tpl")).readlines()
for 1 in lines:
print(l.strip(Q)

ptf ~

# RCH package for MODFLOW-2005 generated by Flopy 3.5.0

3 0

1 -1 # Stress period 1

INTERNAL ~ RECH_MULT ~ (FREE) -1 #rech_1

0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
1 -1 # Stress period 2

INTERNAL ~ RECH_MULT ~ (FREE) -1 #rech_1

0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
1 -1 # Stress period 3

INTERNAL ~ RECH_MULT ~ (FREE) -1 #rech_3

0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003

Multiplier parameters can also be combined with index parameters as follows.
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plist = []

# Create a multiplier parameter for recharge
mfpackage = "rch"

partype = "rech"

parname = "RECH_MULT"

startvalue = None

lbound = None

ubound = None

transform = None

# For a recharge multiplier, span['idx'] must be None
span = {"kpers": [1, 2], "idx": None}
p = flopy.pest.Params(
mfpackage, partype, parname, startvalue, lbound, ubound, span
)
plist.append(p)

# Now create an index parameter
mfpackage = "rch"

partype = "rech"

parname = "RECH_ZONE"
startvalue = None

lbound = None

ubound = None

transform = None

# For a recharge index parameter, span['idx'] must be a boolean array or tuple of array.
—indices
idx = np.empty((nrow, ncol), dtype=bool)
idx[0:3, 0:3] = True
span = {"kpers": [1], "idx": idx}
p = flopy.pest.Params(
mfpackage, partype, parname, startvalue, lbound, ubound, span
)
plist.append(p)

# Write the template file
tw = flopy.pest.templatewriter.TemplateWriter(m, plist)
tw.write_template()

# Print the results
lines = open(os.path.join(workspace, "mymodel.rch.tpl")).readlines()
for 1 in lines:

print(l.strip(Q)

The following packages will be parameterized: ['RCH']

ptf ~

# RCH package for MODFLOW-2005 generated by Flopy 3.5.0

3 0

1 -1 # Stress period 1

CONSTANT 1.000000E-03 #rech_1

(continues on next page)
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1 -1 # Stress period 2
INTERNAL ~ RECH_MULT ~ (FREE) -1 #rech_1
~ RECH_ZONE ~ ~ RECH_ZONE ~ ~ RECH_ZONE ~ 0.001 0.001
~ RECH_ZONE ~ ~ RECH_ZONE ~ ~ RECH_ZONE ~ 0.001 0.001
~ RECH_ZONE ~ ~ RECH_ZONE ~ ~ RECH_ZONE ~ 0.001 0.001
0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001
1 -1 # Stress period 3
INTERNAL ~ RECH_MULT ~ (FREE) -1 #rech_3
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.003
try:
# ignore PermissionError on Windows
temp_dir.cleanup()
except:
pass
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CHAPTER
SIX

EXAMPLES GALLERY

The following examples illustrate the functionality of Flopy. After the tutorials, the examples are the best resource for

learning the underlying capabilities of FloPy.

6.1 Preprocessing and Discretization

6.1.1 Triangular mesh example

First set the path and import the required packages. The flopy path doesn’t have to be set if you install flopy from a
binary installer. If you want to run this notebook, you have to set the path to your own flopy path.

import os

import sys

from pathlib import Path

from tempfile import TemporaryDirectory

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np

import flopy

temp_dir = TemporaryDirectory()
workspace = Path(temp_dir.name)

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"matplotlib version: {mpl.__version__}")
print(£f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

matplotlib version: 3.7.4

flopy version: 3.5.0
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Creating Meshes with the Triangle Class

The Flopy Triangle class at (flopy.utils.triangle.Triangle) can be used to generate triangular meshes using the Triangle
program (https:/www.cs.cmu.edu/~quake/triangle.html). The Triangle class is a thin wrapper that builds input files
for the Triangle program, reads Triangle output, and makes plots of the mesh. To use the Triangle class, the user must

have an executable copy of the triangle program somewhere on their system.

Let’s start by making a simple triangular mesh of a circle using the Flopy Triangle class and the triangle program.

# we start by creating a polygon (circle_poly), which is a list of

# (x,y) points that define the circle

theta = np.arange(0.0, 2 * np.pi, 0.2)
radius = 100.0

x = radius * np.cos(theta)

y = radius * np.sin(theta)

circle_poly = [(x, y) for x, y in zip(x, y)]
fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")
ax.plot(x, y, "bo-")

[<matplotlib.lines.Line2D at 0x7£ff0b89719d0>]
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from flopy.utils.triangle import Triangle

# We can then use the Triangle class and Triangle program

# to make the mesh, as follows.

tri = Triangle(maximum_area=500, angle=30, model_ws=workspace)
tri.add_polygon(circle_poly)

tri.build(verbose=False)

fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")

pc = tri.plot(ax=ax)

100

6.1. Preprocessing and Discretization
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The Triangle class creates a .node and a .poly file as input for the Triangle program. The Triangle class then reads four
output files from the Triangle program into numpy structured arrays. These four structured arrays are stored with the
object as follows.

[4]: print(tri.node.dtype)
print(tri.ele.dtype)
print(tri.neigh.dtype)
print(tri.edge.dtype)

[("ivert', '<i8'), ('x', '«<f8"'), ('y', '<f8'), ('boundary_marker', '<i8')]
[("icell', '<i8'), ('ivl', '<i8"), ('iv2', '<i8"), ('iv3', '<«i8")]

[("icell', '<i8'), ('neighborl', '<i8'), ('neighbor2', '<i8'), ('neighbor3"',
[('iedge', '<i8'), ('endpointl', '<i8'), ('endpoint2', '<i8'), ('boundary_marker',

"]
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[5]: # We can also plot the cells and vertices and label them,
# but this really only works for coarse meshes
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
tri.plot(ax=ax, edgecolor="gray")
tri.plot_vertices(ax=ax, marker="0", color="blue")
tri.label_vertices(ax=ax, fontsize=10, color="blue")

tri.plot_centroids(ax=ax, marker="0", color="red")
tri.label_cells(ax=ax, fontsize=10, color="red")

-75 —-50 —-25 0 25 50 75 100

[6]: # What about a hole?
theta = np.arange(0.0, 2 * np.pi, 0.2)
radius = 30.0

x = radius * np.cos(theta) + 25.0
(continues on next page)
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y = radius * np.sin(theta) + 25.0
inner_circle_poly = [(x, y) for x, y in zip(x, y)]

# The hole is created by passing in another polygon and
# then passing a point inside the hole polygon with the
# add_hole() method.

tri = Triangle(maximum_area=100, angle=30, model_ws=workspace)
tri.add_polygon(circle_poly)
tri.add_polygon(inner_circle_poly)

tri.add_hole((25, 25))

tri.build(verbose=False)

fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")
tri.plot(ax=ax)

[6]: <matplotlib.collections.LineCollection at 0x7f£f0c5d29d60>
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Specifying Regions with Different Triangle Sizes

Different parts of the domain can be assigned different levels of refinement by adding multiple polygons and then
identifying the different polygons as regions with different maximum triangle areas.

active_domain = [(0®, 0), (100, ©), (100, 100), (0O, 100)]

areal = [(10, 10), (40, 10), (40, 40), (16, 40)]

area2 = [(60, 60), (80, 60), (80, 80), (60, 80)]

tri = Triangle(angle=30, model_ws=workspace)
tri.add_polygon(active_domain)

tri.add_polygon(areal)

tri.add_polygon(area2)

tri.add_region((1l, 1), 0, maximum_area=100) # point inside active domain

(continues on next page)
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tri.add_region((11, 11), 1, maximum_area=10) # point inside areal
tri.add_region((61, 61), 2, maximum_area=3) # point inside areaZ
tri.build(verbose=False)

fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")

tri.plot(ax=ax)

[7]: <matplotlib.collections.LineCollection at 0x7ff0c5b52460>
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20 A

0 20 40 60 80 100
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Identifying Boundary Cells

The Triangle class has some limited capabilities for identifying the cells on polygone boundaries. In the example above,
three polygons were added to the Triangle class. An integer boundary marker is automatically calculated and assigned
by the Triangle class. Boundary marker 1 corresponds to the first line segment of the first polygon added. So in this
case, boundary marker 1 corresponds to cells along the line [(®, 0), (100, 0)]. Boundary marker 2 corresponds
to the next line segment, which is along the right face of the domain.

Triangle has a method for getting back an integer array for the mesh that has a boundary marker id for each cell. Values
of zero indicate that the cell does not touch a boundary.

# this shows all the boundary cells

ibd = tri.get_boundary_marker_array()

ibd = np.ma.masked_equal(ibd, 0)

fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")
pc = tri.plot(a=ibd, cmap="jet")
plt.colorbar(pc, shrink=0.5)

<matplotlib.colorbar.Colorbar at 0x7ff0c5dd1070>

100
80 12
10
60 "
-6
40
4
",
2
20
0
0 20 40 60 80 100
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[9]: # we could plot just one group of boundary cells
# this shows all the boundary cells
ibd = tri.get_boundary_marker_array()
ibd = np.ma.masked_not_equal(ibd, 4)
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
pc = tri.plot(a=ibd, cmap="jet", edgecolor="gray'")
cb = plt.colorbar(pc, shrink=0.5)

100
80 4.4
43
4.2

60
4.1
4.0
3.9

40 -
3.8
3.7
20 7 3.6

D T T T T
0 20 40 60 80 100

[10]: # we can also plot the lines that comprise the boundaries
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
tri.plot(ax=ax, edgecolor="gray")
for ibm in [1, 2, 3, 4]:
colors = ["blue", "green", "red", "yellow"]

tri.plot_boundary(ibm, ax, marker="o0", color=colors[ibm - 1])
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Cell Attributes

If regions (using the add_region() method) are used and an attribute value is provided, it is possible to determine the
cells that are within each region.

[11]: attribute_array = tri.get_attribute_array()
fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal')
pc = tri.plot(a=attribute_array, cmap="jet", edgecolor="gray")
cb = plt.colorbar(pc, shrink=0.5)

6.1. Preprocessing and Discretization 349



FloPy Documentation, Release 3.5.0

100

80 2.00
175
- 1.50

60
- 125
- 1.00
- 0.75

40

0.50

0.25

20 0.00

0 20 40 60 80 100

Building a Simple MODFLOW 6 Model

We can use the functionality described so far to build a simple MODFLOW 6 model using Flopy. For demonstration
purposes, we’ll create a very coarse triangular mesh and impose constant head boundaries on the left and right sides.
We will simulate flow as steady state.

[12]: active_domain = [(0, 0), (100, 0), (100, 100), (0, 100)]
tri = Triangle(angle=30, maximum_area=100, model_ws=workspace)
tri.add_polygon(active_domain)
tri.buildQ
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
tri.plot(edgecolor="gray")
for ibm in [1, 2, 3, 4]:
colors = ["blue", "green", "red", "yellow"]

tri.plot_boundary(ibm, ax, marker="o0", color=colors[ibm - 1])
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[13]: fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal')
tri.plot(ax=ax, edgecolor="gray")
tri.plot_vertices(ax=ax, marker="0", color="blue")
tri.label_vertices(ax=ax, fontsize=10, color="blue")

tri.plot_centroids(ax=ax, marker="o0", color="red")
tri.label_cells(ax=ax, fontsize=10, color="red")
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[14]: name = "mf"

sim = flopy.mf6.MFSimulation(
sim_name=name, version="mf6", exe_name="mf6", sim_ws=workspace

)

tdis = flopy.mf6.ModflowTdis(
sim, time_units="DAYS", perioddata=[[1.0, 1, 1.0]]

)

gwf = flopy.mf6.ModflowGwf(sim, modelname=name,

save_flows=True)

ims = flopy.mf6.ModflowIms(
sim,
print_option="SUMMARY",
complexity="complex",
outer_hclose=1.0e-8,

(continues on next page)
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inner_hclose=1.0e-8,
)
cell2d = tri.get_cell2d()
vertices = tri.get_vertices()
xcyc = tri.get_xcyc()
nlay = 1
ncpl = tri.ncpl
nvert = tri.nvert
top = 1.0
botm = [0.0]
dis = flopy.mf6.ModflowGwfdisv(

guf,

nlay=nlay,

ncpl=ncpl,

nvert=nvert,

top=top,

botm=botm,

vertices=vertices,

cell2d=cell2d,
)
npf = flopy.mf6.ModflowGwfnpf(

gwf, xt3doptions=[(True)], save_specific_discharge=None
)
ic = flopy.mf6.ModflowGwfic (gwf)

def chdhead(x):
return x * 10.0 / 100.0

chdlist = []
leftcells = tri.get_edge_cells(4)
rightcells = tri.get_edge_cells(2)
for icpl in leftcells + rightcells:
h = chdhead(xcyc[icpl, 0])
chdlist.append([(0, icpl), h])
chd = flopy.mf6.ModflowGwfchd(gwf, stress_period_data=chdlist)
oc = flopy.mf6.ModflowGwfoc(
guf,
budget_filerecord=£f"{name/.chc",
head_filerecord=f"{name}.hds",
saverecord=[("HEAD", "LAST"), ("BUDGET", "LAST")],
printrecord=[ ("HEAD", "LAST"), ("BUDGET", "LAST")],
)
sim.write_simulation()
success, buff = sim.run_simulation(report=True)

WARNING: Unable to resolve dimension of ('gwf6', 'disv', 'cell2d',
—.based on shape "ncvert".
writing simulation...

writing simulation name file...

writing simulation tdis package...

(continued from previous page)

'cell2d', 'icvert').

(continues on next page)
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writing solution package ims_-1...
writing model mf...
writing model name file...
writing package disv...
writing package npf...
writing package ic...
writing package chd_®...

(continued from previous page)

INFORMATION: maxbound in ('gwf6', 'chd', 'dimensions') changed to 16 based on size of.

—stress_period_data
writing package oc...

FloPy is using the following executable to run the model: ../../home/runner/.local/bin/

—modflow/mf6
MODFLOW 6
U.S. GEOLOGICAL SURVEY MODULAR HYDROLOGIC MODEL
VERSION 6.4.2 06/28/2023

MODFLOW 6 compiled Jul 05 2023 20:29:14 with Intel(R) Fortran Intel(R) 64
Compiler Classic for applications running on Intel(R) 64, Version 2021.7.0

Build 20220726_000000

This software has been approved for release by the U.S. Geological
Survey (USGS). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software is released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Run start date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:27:27

Writing simulation list file: mfsim.lst
Using Simulation name file: mfsim.nam

Solving: Stress period: 1 Time step: 1
Run end date and time (yyyy/mm/dd hh:mm:ss): 2023/11/26 0:27:27

Elapsed run time: 0.016 Seconds

WARNING REPORT:

1. NONLINEAR BLOCK VARIABLE 'OUTER_HCLOSE' IN FILE 'mf.ims' WAS DEPRECATED

IN VERSION 6.1.1. SETTING OUTER_DVCLOSE TO OUTER_HCLOSE VALUE.

2. LINEAR BLOCK VARIABLE 'INNER_HCLOSE' IN FILE 'mf.ims' WAS DEPRECATED IN

VERSION 6.1.1. SETTING INNER_DVCLOSE TO INNER_HCLOSE VALUE.
Normal termination of simulation.
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fname workspace / f"{name/.hds"

hdobj = flopy.utils.HeadFile(fname, precision="double")

head = hdobj.get_data(Q)

fname = workspace / f"{name/.chc"

bdobj = flopy.utils.CellBudgetFile(fname, precision="double", verbose=False)
# qxqy = bdobj.get_data(text=DATA-SPDIS") [0]

fig = plt.figure(figsize=(15, 15))
ax = plt.subplot(l, 1, 1, aspect="equal')
tri.plot(ax=ax, a=head[0, 0, :], cmap="jet")

<matplotlib.collections.PathCollection at 0x7ff0c593f4c0>
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try:
# ignore PermissionError on Windows
temp_dir.cleanup()

except:
pass

6.1.2 Voronoi Grid and MODFLOW 6 Flow and Transport Example

First set the path and import the required packages. The flopy path doesn’t have to be set if you install flopy from a

binary installer. If you want to run this notebook, you have to set the path to your own flopy path.

import os

import sys

from pathlib import Path

from tempfile import TemporaryDirectory

import matplotlib as mpl

import matplotlib.pyplot as plt

import numpy as np

from shapely.geometry import LineString, Point

import flopy

from flopy.discretization import VertexGrid

from flopy.utils.triangle import Triangle as Triangle
from flopy.utils.voronoi import VoronoiGrid

temp_dir = TemporaryDirectory()
workspace = Path(temp_dir.name)

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"matplotlib version: {mpl.__version__}")
print (f"flopy version: {flopy.__version__}")

3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

matplotlib version: 3.7.4

flopy version: 3.5.0

Use Triangle to Generate Points for Voronoi Grid

# set domain extents
xmin = 0.0

xmax = 2000.0
ymin = 0.0
ymax = 1000.0

# set minimum angle
angle_min = 30

(continues on next page)
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(continued from previous page)

# set maximum area
area_max = 1000.0

delr = area_max**0.5

ncol = xmax / delr

nrow = ymax / delr

nodes = ncol * nrow

print("equivalent delr: ", delr)

print("equivalent nodes, ncol, nrow: ", int(nodes), ncol, nrow)

equivalent delr: 31.622776601683793
equivalent nodes, ncol, nrow: 2000 63.245553203367585 31.622776601683793

tri = Triangle(maximum_area=area_max, angle=angle_min, model_ws=workspace)
poly = np.array(((xmin, ymin), (xmax, ymin), (xmax, ymax), (xmin, ymax)))
tri.add_polygon(poly)

tri.build(verbose=False)

fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
pc = tri.plot(ax=ax)
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Create and Plot FloPy Voronoi Grid

The Flopy VoronoiGrid class can be used to generate voronoi grids using the scipy.spatial.Voronoi class. The
VoronoiGrid class is a thin wrapper that makes sure edge cells are closed and provides methods for obtaining the
information needed to make FloPy MODFLOW models. It works by passing in the flopy Triangle object generated in

the previous cell.

[4]: voronoi_grid = VoronoiGrid(tri)
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal')
voronoi_grid.plot(ax=ax, facecolor="none")

[4]: <Axes: title={'center': 'ncells: 1692; nverts: 3750'}>

ncells: 1692; nverts: 3750
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Use the VertexGrid Representation to Identify Boundary Cells

[5]: gridprops = voronoi_grid.get_gridprops_vertexgrid()
vgrid = flopy.discretization.VertexGrid(**gridprops, nlay=1)
ibd = np.zeros(vgrid.ncpl, dtype=int)
gi = flopy.utils.GridIntersect(vgrid)

# identify cells on left edge

line = LineString([(xmin, ymin), (xmin, ymax)])
cells® = gi.intersect(line)["cellids"]

cells® = np.array(list(cells0))

ibd[cells®] = 1

# identify cells on right edge

line = LineString([(xmax, ymin), (xmax, ymax)])
cellsl gi.intersect(line)["cellids"]

cellsl = np.array(list(cellsl))

(continues on next page)
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(continued from previous page)

ibd[cellsl] = 2

# identify cell for a constant concentration condition
point = Point((500, 500))

cells2 = gi.intersect(point)["cellids"]

cells2 = np.array(list(cells2))

ibd[cells2] = 3

if True:
fig = plt.figure(figsize=(10, 10))
ax = plt.subplot(l, 1, 1, aspect="equal")
pmv = flopy.plot.PlotMapView(modelgrid=vgrid)
pmv.plot_array(ibd)
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Create Run and Post Process a MODFLOW 6 Flow Model

name = "mf"
sim_ws = os.path.join(workspace, "flow")
sim = flopy.mf6.MFSimulation(
sim_name=name, version="mf6", exe_name="mf6", sim_ws=sim_ws
)
tdis = flopy.mf6.ModflowTdis(
sim, time_units="DAYS", perioddata=[[1.0, 1, 1.0]]
)
gwf = flopy.mf6.ModflowGwf(sim, modelname=name, save_flows=True)
ims = flopy.mf6.ModflowIms(
sim,
print_option="SUMMARY",
complexity="complex",
outer_dvclose=1.0e-8,

2000

(continues on next page)
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(continued from previous page)

inner_dvclose=1.0e-8,

)

disv_gridprops = voronoi_grid.get_disv_gridprops()
nlay = 1

top = 1.0

botm = [0.0]

disv = flopy.mf6.ModflowGwfdisv(
gwf, nlay=nlay, **disv_gridprops, top=top, botm=botm

)
npf = flopy.mf6.ModflowGwfnpf(
gwi,
xt3doptions=[(True)],
k=10.0,
save_saturation=True,
save_specific_discharge=True,
)

ic = flopy.mf6.ModflowGwfic(gwf)

chdlist = []
for icpl in cellsO:
chdlist.append([(0, icpl), 1.0])
for icpl in cellsl:
chdlist.append([(0, icpl), 0.0])
chd = flopy.mf6.ModflowGwfchd(gwf, stress_period_data=chdlist)
oc = flopy.mf6.ModflowGwfoc(
gwf,
budget_filerecord=f" {name}.bud",
head_filerecord=£f"{name}.hds",
saverecord=[("HEAD", "ALL"), ("BUDGET", "ALL")],
printrecord=[ ("HEAD", "LAST"), ("BUDGET", "LAST")],
)
sim.write_simulation()
success, buff = sim.run_simulation(report=True, silent=True)

head = gwf.output.head().get_data()
bdobj = gwf.output.budget()
spdis = bdobj.get_data(text="DATA-SPDIS")[0]

fig = plt.figure(figsize=(15, 15))

ax = plt.subplot(l, 1, 1, aspect="equal")

pmv = flopy.plot.PlotMapView(gwf)
pmv.plot_arrayChead, cmap="jet", alpha=0.5)
pmv.plot_vector(spdis["gx"], spdis["qy"], alpha=0.25)

WARNING: Unable to resolve dimension of ('gwf6', 'disv', 'cell2d', 'cell2d', 'icvert').
—.based on shape "ncvert".
writing simulation...

writing simulation name file...

writing simulation tdis package...

writing solution package ims_-1...

writing model mf...

writing model name file...
(continues on next page)
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writing package disv...
writing package npf...
writing package ic...
writing package chd_0...

INFORMATION: maxbound in ('gwf6', 'chd', 'dimensions') changed to 62 based on size of.

-.stress_period_data
writing package oc...

<matplotlib.quiver.Quiver at 0x7f5111efb160>
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Create Run and Post Process a MODFLOW 6 Transport Model

name = "mf"
sim_ws = os.path.join(workspace, "transport")
sim = flopy.mf6.MFSimulation(

sim_name-name, version="mf6", exe_name="mf6", sim_ws=sim_ws

)
tdis = flopy.mf6.ModflowTdis(

sim, time_units="DAYS", perioddata=[[100 * 365.0, 100, 1.0]]

)
gwt
ims

flopy.mf6.ModflowGwt (sim, modelname=name, save_flows=True)
flopy.mf6.ModflowIms (

sim,

print_option="SUMMARY",

complexity="simple",

linear_acceleration="bicgstab",

outer_dvclose=1.0e-6,

inner_dvclose=1.0e-6,

D)
disv_gridprops = voronoi_grid.get_disv_gridprops()
nlay = 1

(continues on next page)
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top = 1.0
botm = [0.0]
disv = flopy.mf6.ModflowGwtdisv(
gwt, nlay=nlay, **disv_gridprops, top=top, botm=botm
)
ic = flopy.mf6.ModflowGwtic(gwt, strt=0.0)
sto = flopy.mf6.ModflowGwtmst (gwt, porosity=0.2)
adv = flopy.mf6.ModflowGwtadv(gwt, scheme="TVD")
dsp = flopy.mf6.ModflowGwtdsp(gwt, alh=5.0, athl=0.5)
sourcerecarray = [(]
ssm = flopy.mf6.ModflowGwtssm(gwt, sources=sourcerecarray)
cnclist = [
[(®, cells2[0]), 1.0],

]
cnc = flopy.mf6.ModflowGwtcnc(
gwt, maxbound=len(cnclist), stress_period_data=cnclist, pname="CNC-1"

)
pd = [
("GWFHEAD", "../flow/mf.hds"),
("GWFBUDGET", "../flow/mf.bud"),
]

fmi = flopy.mf6.ModflowGwtfmi (gwt, packagedata=pd)
oc = flopy.mf6.ModflowGwtoc(

gwt,

budget_filerecord=f" {name}.chc",

concentration_filerecord=f"{name}.ucn",

saverecord=[ ("CONCENTRATION", "ALL"), ("BUDGET", "ALL")],
)

sim.write_simulation()
success, buff = sim.run_simulation(report=True, silent=True)

conc = gwt.output.concentration().get_data()

fig = plt.figure(figsize=(10, 10))

ax = plt.subplot(l, 1, 1, aspect="equal")

pmv = flopy.plot.PlotMapView(gwf)

c = pmv.plot_array(conc, cmap="jet")

pmv.contour_array(conc, levels=(0.0001, 0.001, 0.01, 0.1), colors="y")
plt.colorbar(c, shrink=0.5)

WARNING: Unable to resolve dimension of ('gwt6', 'disv', 'cell2d', 'cell2d', 'icvert').
—.based on shape "ncvert".
writing simulation...
writing simulation name file...
writing simulation tdis package...
writing solution package ims_-1...
writing model mf...
writing model name file...
writing package disv...
writing package ic...
writing package mst...

(continues on next page)
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writing package adv...
writing package dsp...
writing package ssm...
writing package cnc-1...
writing package fmi...
writing package oc...

[7]: <matplotlib.colorbar.Colorbar at 0x7£510dc40a90>
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Building Voronoi Grid Examples
Irregular Domain Boundary

[8]: domain = [

[1831.381546, 6335.543757],
[4337.733475, 6851.136153],
[6428.747084, 6707.916043],
[8662.980804, 6493.085878],
[9350.437333, 5891.561415],
[9235.861245, 4717.156511],
[8963.743036, 3685.971717],
[8691.624826, 2783.685023],
[8047.13433, 2038.94045],

[7416.965845, 578.0953252],
[6414.425073, 105.4689614],
[5354.596258, 205.7230386],
[4624.173696, 363.2651598],
[3363.836725, 563.7733141],
[1330.11116, 1809.788273],

(continues on next page)
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5132.494831],

[399.1804436, 2998.515188],
[914.7728404,

area_max = 100.0%%2

tri

]

30, model_ws=workspace)

area_max, angle

Triangle (maximum_area=

np.array(domain)

poly

tri.add_polygon(poly)
=False)

tri.build(verbose

VoronoiGrid(tri)

gridprops

vor

vertexgrid(Q)

gridprops

vor.get_gridprops

nlay=1)

= VertexGrid(**

voronoi_grid

(10, 10))

fig.add_subplot()

fig = plt.figure(figsize

ax

)

aspect("equal

voronoi_grid.plot(ax

ax.set_

—ax)

<matplotlib.collections.LineCollection at 0x7£510dc2b430>
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Simple Rectangular Domain

[9]: xmin = 0.0
xmax = 2.0
ymin = 0.0
ymax = 1.0
area_max = 0.001

tri = Triangle(maximum_area=area_max, angle=30, model_ws=workspace)

poly = np.array(((xmin, ymin), (xmax, ymin), (xmax, ymax), (xmin, ymax)))
tri.add_polygon(poly)

tri.build(verbose=False)

vor = VoronoiGrid(tri)
gridprops = vor.get_gridprops_vertexgrid()
voronoi_grid = VertexGrid(**gridprops, nlay=1)

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot()
ax.set_aspect("equal™)
voronoi_grid.plot(ax=ax)

[9]: <matplotlib.collections.LineCollection at 0x7£f50edc96130>
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Circular Grid

[10]: theta = np.arange(0.0, 2 * np.pi, 0.2)
radius = 100.0
X = radius * np.cos(theta)
y = radius * np.sin(theta)
circle_poly = [(x, y) for x, y in zip(x, y)]
tri = Triangle(maximum_area=5, angle=30, model_ws=workspace)
tri.add_polygon(circle_poly)
tri.build(verbose=False)

vor = VoronoiGrid(tri)
gridprops = vor.get_gridprops_vertexgrid()
voronoi_grid = VertexGrid(**gridprops, nlay=1)

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot()
ax.set_aspect("equal™)
voronoi_grid.plot(ax=ax)

[10]: <matplotlib.collections.LineCollection at 0x7£510d11fa90>
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Circular Grid with Hole

*

theta = np.arange(0.0, 2
radius = 30.0

x = radius * np.cos(theta) + 25.0
y = radius * np.sin(theta) + 25.0

np.pi, 0.2)

inner_circle_poly = [(x, y) for x, y in zip(x, y)]

25 50 75 100

tri = Triangle(maximum_area=10, angle=30, model_ws=workspace)

tri.add_polygon(circle_poly)
tri.add_polygon(inner_circle_poly)
tri.add_hole((25, 25))

(continues on next page)
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tri.build(verbose=False)

vor = VoronoiGrid(tri)
gridprops = vor.get_gridprops_vertexgrid()
voronoi_grid = VertexGrid(**gridprops, nlay=1)

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot()
ax.set_aspect("equal™)
voronoi_grid.plot(ax=ax)

<matplotlib.collections.LineCollection at 0x7£5104720e20>

(continued from previous page)
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Regions with Different Refinement

active_domain = [(0®, 0), (100, ©®), (100, 100), (0O, 100)]

areal = [(10, 10), (40, 10), (40, 40), (10, 40)]

area2 = [(60, 60), (80, 60), (80, 80), (60, 80)]

tri = Triangle(angle=30, model_ws=workspace)
tri.add_polygon(active_domain)

tri.add_polygon(areal)

tri.add_polygon(area2)

tri.add_region((1l, 1), 0, maximum_area=100) # point inside active domain
tri.add_region((11, 11), 1, maximum_area=10) # point inside areal
tri.add_region((61, 61), 2, maximum_area=3) # point inside areal
tri.build(verbose=False)

vor = VoronoiGrid(tri)
gridprops = vor.get_gridprops_vertexgrid()
voronoi_grid = VertexGrid(**gridprops, nlay=1)

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot()
ax.set_aspect("equal™)
voronoi_grid.plot(ax=ax)

<matplotlib.collections.LineCollection at 0x7£f510db91610>
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Regions with Different Refinement and Hole

active_domain = [(0, 0), (100, 0), (100, 100), (0, 100)]
areal = [(10, 10), (40, 10), (40, 40), (10, 40)]
area2 = [(70, 70), (90, 70), (90, 90), (70, 90)]

tri = Triangle(angle=30, model_ws=workspace)

# requirement that active_domain is first polygon to be added
tri.add_polygon(active_domain)

# requirement that any holes be added next

100

(continues on next page)
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(continued from previous page)
theta = np.arange(0.0, 2 * np.pi, 0.2)
radius = 10.0
x = radius * np.cos(theta) + 50.0
y radius * np.sin(theta) + 70.0
circle_poly® = [(x, y) for x, y in zip(x, y)]
tri.add_polygon(circle_poly®)
tri.add_hole((50, 70))

# Add a polygon to force cells to conform to it
theta = np.arange(0.0, 2 * np.pi, 0.2)

radius = 10.0

X = radius * np.cos(theta) + 70.0

y = radius * np.sin(theta) + 20.0

circle_polyl = [(x, y) for x, y in zip(x, y)]
tri.add_polygon(circle_polyl)

# tri.add_hole((70, 20))

# add line through domain to force conforming cells
line = [(x, x) for x in np.linspace(l1l, 89, 100)]
tri.add_polygon(line)

# then regions and other polygons should follow

tri.add_polygon(areal)

tri.add_polygon(area2)

tri.add_region((l, 1), 0, maximum_area=100) # point inside active domain
tri.add_region((11, 11), 1, maximum_area=10) # point inside areal
tri.add_region((70, 70), 2, maximum_area=1) # point inside areaZ

tri.build(verbose=False)

vor = VoronoiGrid(tri)
gridprops = vor.get_gridprops_vertexgrid()
voronoi_grid = VertexGrid(**gridprops, nlay=1)

fig = plt.figure(figsize=(10, 10))
ax = fig.add_subplot()
ax.set_aspect("equal™)
voronoi_grid.plot(ax=ax)

[13]: <matplotlib.collections.LineCollection at 0x7£f510449b970>
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[14]: try:
# ignore PermissionError on Windows
temp_dir.cleanup()
except:
pass
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6.1.3 Intersecting model grids with shapes

Note: This feature requires the shapely package (which is an optional FloPy dependency).

This notebook shows the grid intersection functionality in flopy. The intersection methods are available through the
GridIntersect object. A flopy modelgrid is passed to instantiate the object. Then the modelgrid can be intersected
with Points, LineStrings and Polygons and their Multi variants.

Table of Contents

* GridIntersect Class
* Rectangular regular grid
— Polygon with regular grid
— MultiLineString with regular grid
— MultiPoint with regular grid
* Vertex grid
— Polygon with triangular grid
— MultiLineString with triangular grid
— MultiPoint with triangular grid

Import packages

: import os
import sys

import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np
import shapely
from shapely.geometry import (
LineString,
MultiLineString,
MultiPoint,
MultiPolygon,
Point,
Polygon,
)

import flopy

import flopy.discretization as fgrid
import flopy.plot as fplot

from flopy.utils import GridIntersect

print(sys.version)

print (f"numpy version: {np.__version__}")
print(f"matplotlib version: {mpl.__version__}")
print(f"flopy version: {flopy.__version__}")
print(f"shapely version: {shapely.__version__}")
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3.8.18 (default, Aug 28 2023, 08:27:22)
[GCC 11.4.0]

numpy version: 1.24.4

matplotlib version: 3.7.4

flopy version: 3.5.0

shapely version: 2.0.2

Gridintersect Class

The Gridlntersect class is constructed by passing a flopy modelgrid object to the constructor. There are options users
can select to change how the intersection is calculated.

* method: derived from model grid type or defined by the user: can be either "vertex" or "structured". If
"structured" is passed, the intersections are performed using structured methods. These methods use infor-
mation about the regular grid to limit the search space for intersection calculations. Note that method="vertex"
also works for structured grids.

e rtree: either True (default) or False, only read when method="vertex". When True, an STR-tree is built,
which allows for fast spatial queries. Building the STR-tree does take some time however. Setting the option to
False avoids building the STR-tree but requires the intersection calculation to loop through all grid cells.

In general the “vertex” option is robust and fast and is therefore recommended in most situations. In some rare cases
building the STR-tree might not be worth the time, in which case it can be avoided by passing rtree=False. If you
are working with a structured grid, then the method="structured" can speed up intersection operations in some
situations (e.g. for (multi)points) with the added advantage of not having to build an STR-tree.

The important methods in the GridIntersect object are:

e intersects(): returns cellids for gridcells that intersect a shape (accepts shapely geometry objects, flopy
geometry object, shapefile.Shape objects, and geojson objects)

* intersect(): for intersecting the modelgrid with point, linestrings, and polygon geometries (accepts shapely
geometry objects, flopy geometry object, shapefile.Shape objects, and geojson objects)

e plot_point(): for plotting point intersection results
* plot_linestring(): for plotting linestring intersection results
* plot_polygon(): for plotting polygon intersection results

In the following sections examples of intersections are shown for structured and vertex grids for different types of shapes
(Polygon, LineString and Point).

Rectangular regular grid

delc = 10 * np.ones(10, dtype=float)
delr = 10 * np.ones(10, dtype=float)

xoff
yoff
angrot 0
sgr = fgrid.StructuredGrid(

delc, delr, top=None, botm=None, xoff=xoff, yoff=yoff, angrot=angrot

1l
I @

.0
.0
0.

)
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[4]: sgr.plot()
[4]: <matplotlib.collections.LineCollection at 0x7£f693186ffa®>
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Polygon with regular grid

Polygon to intersect with:

[5]: p = Polygon(

shell=[
(15, 15),
(20, 50),
(35, 80.0),
(80, 50),
(80, 40),
(40, 5),
(15, 12),

],

holes=[[(25, 25), (25, 45), (45, 45), (45, 2511,

)

Create the GridIntersect class for our modelgrid. The method kwarg is passed to force Gridlntersect to use the "vertex
" intersection methods.

[6]: ix = GridIntersect(sgr, method="vertex")
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Do the intersect operation for a polygon

result = ix.intersect(p)

The results are returned as a numpy.recarray containing several fields based on the intersection performed. An expla-
nation of the data in each of the possible fields is given below: - cellids: contains the cell ids of the intersected grid
cells - vertices: contains the vertices of the intersected shape - areas: contains the area of the polygon in that grid cell
(only for polygons) - lengths: contains the length of the linestring in that grid cell (only for linestrings) - ixshapes:
contains the shapely object representing the intersected shape (useful for plotting the result)

Looking at the first few entries of the results of the polygon intersection (convert to pandas.DataFrame for prettier
formatting)

result[:5]
# pd.DataFrame(result) # recommended for prettier formatting and working with result

rec.array([((2, 3), <POLYGON ((35 80, 40 76.667, 40 70, 30 70, 35 80))>, 66.66666667),
(2, 4), <POLYGON ((50 70, 40 70, 40 76.667, 50 70))>, 33.33333333),

((3, 2), <POLYGON ((30 70, 30 60, 25 60, 30 70))>, 25. ),
((3, 3), <POLYGON ((40 70, 40 60, 30 60, 30 70, 40 70))>, 100. ),
((3, 4), <POLYGON ((50 70, 50 60, 40 60, 40 70, 50 70))>, 100. )1,

dtype=[('cellids', '0'), ('ixshapes', '0'), ('areas', '<f8')])

The cellids can be easily obtained

result.cellids

array([(2, 3), (2, 4, (3, 2), @3, 3, 3, 49, @3, 5, 3, 6), 4, 2,

(4, 3), (4, ©, (4, 5, 4, 6), (4, D, (5, D, G, 2), G, 3D,

G, 9, G, 5, G, 6), (5, 7, (6, 1, (6, 2), (6, 4, (6, 5),

6, 6, 6, 7, (7, 1, 7, 2, (7, 3D, 7, b, 7,5, 7, 6),

g, », @, 2), (8, 3), (8, 4, (B, 5, O, 2, 9, 3, O, D],
dtype=object)

Or the areas

result.areas

array([ 66.66666667, 33.33333333, 25. , 100.
100. , 66.66666667, 8.33333333, 75. ,
100. , 100. , 100. , 91.66666667,
33.33333333, 7.14285714, 75. , 50.
75. , 100. , 100. , 100. )
21.42857143, 50. , 50. , 100.
99.10714286, 43.75 , 35.71428571, 75. )
50. , 75. , 96.42857143, 32.14285714,
41.71428571, 99.35714286, 100. ,  91.96428571,
22.32142857, 8.64285714, 36. , 14.28571429])

If a user is only interested in which cells the shape intersects (and not the areas or the actual shape of the intersected
object) with there is also the intersects () method. This method works for all types of shapely geometries.

ix.intersects(p)

rec.array([((8, 1),), ((7, 2),), ((7, 1D,), ((6, 1),), ((6, 2),),
@, 4,5, 9, 2>,), 9, 3),), (@B, 2),), (8, 3),),
@, 9,>, 7, 3),), (7, 49,), (6, 9,), (5, 1,),

(continues on next page)
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(4, DO, 4, 25,0, (3, 2),), (5, 2),), 5,
G5, 9,0, (4, 3),), (4, ,), (G, ), G,
@2, 9,5, (2, 3),), 2z, 2),), 1, 3),), 8,
7, 5,>, 7, 6),), (6, 5),), (6, 6),), ((6,
., 8),), ((5, 5),), (5, 7),), (G5, 6),), ((4,
4, 5,), (3, 6),), (B, 5,), (2, 5,), G5,
4, 8,), (4, N,11,
dtype=[('cellids', '0')])

3),),
3.0,
5.,
7),),
6),),
8),),

(continued from previous page)

The results of an intersection can be visualized with the plotting methods in the GridIntersect object: -

plot_polygon - plot_linestring - plot_point

# create a figure and plot the grid
fig, ax = plt.subplots(l, 1, figsize=(8, 8))
sgr.plot(ax=ax)

# the intersection object contains some helpful plotting commands

ix.plot_polygon(result, ax=ax)

# add black x at cell centers
for irow, icol in result.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0, icol],
sgr.ycellcenters[irow, 0],
"kx",
label="centroids of intersected gridcells",

)

# add legend
ax.legend([h2], [i.get_label() for i in [h2]], loc="best")

<matplotlib.legend.Legend at 0x7£692f489f40>
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The intersect () method contains several keyword arguments that specifically deal with polygons:
* contains_centroid: only store intersection result if cell centroid is contained within polygon

e min_area_fraction: minimal intersecting cell area (expressed as a fraction of the total cell area) to include
cells in intersection result

Two examples showing the usage of these keyword arguments are shown below.

Example with contains_centroid set to True, only cells in which centroid is within the intersected polygon are
stored. Note the difference with the previous result.

# contains_centroid example
result2 = ix.intersect(p, contains_centroid=True)

(continues on next page)
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(continued from previous page)
# create a figure and plot the grid
fig, ax = plt.subplots(l, 1, figsize=(8, 8))
sgr.plot(ax=ax)

# the intersection object contains some helpful plotting commands
ix.plot_polygon(result2, ax=ax)

# add black x at cell centers
for irow, icol in result2.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0®, icol],
sgr.ycellcenters[irow, 0],
"kx",
label="centroids of intersected gridcells",

)

# add legend
ax.legend([h2], [i.get_label() for i in [h2]], loc="best")

[13]: <matplotlib.legend.Legend at 0x7£f692f3d2af0>
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Example with min_area_threshold set to 0.35, the intersection result in a cell should cover 35% or more of the cell
area.

# min_area_threshold example

result3 = ix.intersect(p, min_area_fraction=0.35)
# create a figure and plot the grid

fig, ax = plt.subplots(l, 1, figsize=(8, 8))

sgr.plot(ax=ax)

# the intersection object contains some helpful plotting commands
ix.plot_polygon(result3, ax=ax)

(continues on next page)
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(continued from previous page)

# add black x at cell centers
for irow, icol in result3.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0, icol],
sgr.ycellcenters[irow, 0],
"kx",
label="centroids of intersected gridcells",

)

# add legend
ax.legend([h2], [i.get_label() for i in [h2]], loc="best")

[14]: <matplotlib.legend.Legend at 0x7£692f31ca90>
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Alternatively, the intersection can be calculated using special methods optimized for structured grids. Access these
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methods by instantiating the GridIntersect class with the method="structured" keyword argument.

[15]: ixs = GridIntersect(sgr, method="structured")
result4 = ixs.intersect(p)

The result is the same as before:

[16]: # create a figure and plot the grid
fig, ax = plt.subplots(l, 1, figsize=(8, 8))
sgr.plot(ax=ax)

# the intersection object contains some helpful plotting commands
ix.plot_polygon(result4, ax=ax)

# add black x at cell centers
for irow, icol in result4.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0®, icol],
sgr.ycellcenters[irow, 0],
"kx",
label="centroids of intersected gridcells",

)

# add legend
ax.legend([h2], [i.get_label() for i in [h2]], loc="best")

[16]: <matplotlib.legend.Legend at 0x7£692f250ee®>
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Polyline with regular grid

MultiLineString to intersect with:

1s1
1s2
1s3
mls

LineString([(95, 105), (30, 50)1)
LineString([(30, 50), (90, 22)1)
LineString([(90, 22), (0, 01
MultilineString(lines=[1sl, 1s2, 1s3])

result = ix.intersect(mls)

Plot the result

100
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[19]: fig, ax = plt.subplots(l, 1, figsize=(8, 8))
sgr.plot(ax=ax)
ix.plot_linestring(result, ax=ax, cmap="viridis")

for irow, icol in result.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0, icol],
sgr.ycellcenters[irow, 0],
"kx",
label="centroids of intersected gridcells",

)

ax.legend([h2], [i.get_label() for i in [h2]], loc="best")
[19]: <matplotlib.legend.Legend at 0x7f692ef85ca®d>
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Same as before, the intersect for structured grids can also be performed with a different method optimized for structured
grids

ixs = GridIntersect(sgr, method="structured")

result2 = ixs.intersect(mls)

# ordering is different so compare sets to check equality
check = len(set(result2.cellids) - set(result.cellids)) == 0
print(
"Intersection result with method='structured' and "
f"method="vertex' are equal: {check}"

)

Intersection result with method='structured' and method='vertex' are equal: True

MultiPoint with regular grid

MultiPoint to intersect with

mp = MultiPoint(
points=[
Point(50.0, 0.0),
Point(45.0, 45.0),
Point(10.0, 10.0),
Point(150.0, 100.0),

For points and linestrings there is a keyword argument return_all_intersections which will return multiple in-
tersection results for points or (parts of) linestrings on cell boundaries. As an example, the difference is shown with
the MultiPoint intersection. Note the number of red “+” symbols indicating the centroids of intersected cells, in the
bottom left case, there are 4 results because the point lies exactly on the intersection between 4 grid cells.

result = ix.intersect (mp)
result_all = ix.intersect(mp, return_all_intersections=True)

fig, ax = plt.subplots(l, 1, figsize=(8, 8))

sgr.plot(ax=ax)

ix.plot_point(result, ax=ax, s=50, color="C0")
ix.plot_point(result_all, ax=ax, s=50, marker=".", color="C3")

for irow, icol in result.cellids:
(h2,) = ax.plot(
sgr.xcellcenters[0®, icol],
sgr.ycellcenters[irow, 0],
"kx",
ms=15,
label="centroids of intersected cells",

)

for irow, icol in result_all.cellids:

(continues on next page)
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(continued from previous page)
(h3,) = ax.plot(
sgr.xcellcenters[0, icol],
sgr.ycellcenters[irow, 0],
"C3+",
ms=15,
label="centroids with "return_all_intersections=True ",

)

ax.legend([h2, h3], [i.get_label() for i in [h2, h3]], loc="best")
[24]: <matplotlib.legend.Legend at 0x7f692ee2d820>
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Same as before, the intersect for structured grids can also be performed with a different method written specifically for
structured grids.
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ixs = GridIntersect(sgr, method="structured")

result2 = ixs.intersect(mp, return_all_intersections=False)

# ordering is different so compare sets to check equality
check = len(set(result2.cellids) - set(result.cellids)) == 0
print(
"Intersection result with method='structured' and "
f"method="vertex' are equal: {check}"

)

Intersection result with method='structured' and method='vertex' are equal:

Vertex Grid

cell2d = [
[0, 83.33333333333333, 66.66666666666667, 3, 4, 2, 7],
[1, 16.666666666666668, 33.333333333333336, 3, 4, 0, 5],
[2, 33.333333333333336, 83.33333333333333, 3, 1, 8, 4],
[3, 16.666666666666668, 66.66666666666667, 3, 5, 1, 4],
[4, 33.333333333333336, 16.666666666666668, 3, 6, 0, 4],
[5, 66.66666666666667, 16.666666666666668, 3, 4, 3, 6],
[6, 83.33333333333333, 33.333333333333336, 3, 7, 3, 4],
[7, 66.66666666666667, 83.33333333333333, 3, 8, 2, 4],
]
vertices = [
[0, 0.0, 0.0],
[1, 0.0, 100.0],
[2, 100.0, 100.0],
[3, 100.0, 0.0],
[4, 50.0, 50.0],
[5, 0.0, 50.0],
[6, 50.0, 0.0],
[7, 100.0, 50.0],
[8, 50.0, 100.0],
]
tgr = fgrid.VertexGrid(vertices, cell2d)

fig, ax = plt.subplots(l, 1, figsize=(8, 8))
pmv = fplot.PlotMapView(modelgrid=tgr)
pmv.plot_grid(ax=ax)

<matplotlib.collections.LineCollection at 0x7f692ed68£d0>

True
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Polygon with triangular grid
[29]: ix2 = GridIntersect(tgr)
[30]: result = ix2.intersect(p)

[31]: fig, ax = plt.subplots(l, 1, figsize=(8, 8))
pmv = fplot.PlotMapView(ax=ax, modelgrid=tgr)
pmv.plot_grid(Q)
ix.plot_polygon(result, ax=ax)

# only cells that intersect with shape
(continues on next page)
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for cellid in result.cellids:
(h2,) = ax.plot(
tgr.xcellcenters[cellid],
tgr.ycellcenters[cellid],
"kx",
label="centroids of intersected gridcells",

)

(continued from previous page)

ax.legend([h2], [i.get_label() for i in [h2]], loc="best")

[31]: <matplotlib.legend.Legend at 0x7f692ed2c760>
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LineString with triangular grid
[32]: result = ix2.intersect(mls)

[33]: fig, ax = plt.subplots(l, 1, figsize=(8, 8))
pmv = fplot.PlotMapView(ax=ax, modelgrid=tgr)
pmv.plot_grid()
ix2.plot_linestring(result, ax=ax, lw=3)

for cellid in result.cellids:
(h2,) = ax.plot(
tgr.xcellcenters[cellid],
tgr.ycellcenters[cellid],
"kx",
label="centroids of intersected gridcells",

)

ax.legend([h2], [i.get_label() for i in [h2]], loc="best")
[33]: <matplotlib.legend.Legend at 0x7£692ed1£f730>
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MultiPoint with triangular grid

result = ix2.intersect(mp)
result_all = ix2.intersect(mp, return_all_intersections=True)

fig, ax = plt.subplots(l, 1, figsize=(8, 8))

pmv = fplot.PlotMapView(ax=ax, modelgrid=tgr)
pmv.plot_grid()

ix2.plot_point(result, ax=ax, color="k'", zorder=5, s=80)

for cellid in result.cellids:
(h2,) = ax.plot(

100

(continues on next page)
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