Groundwater modelling with
Modflow 6 and ModelMuse

In this exercise you will create a simple groundwater model and
use it to test how the hydraulic head is influenced by changes in
hydraulic conductivity, pumping rate etc.

A
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Modflow 6, is a groundwater modelling software, and ModelMuse the graphical interface you
will use to run Modflow. Both prograps freely available from the USGS.

* Download ModelMuse from: https://www.usgs.gov/software/modelmuse-graphical-user-
interface-groundwater-models

* Install ModelMuse

* Download Modflow 6 from:

* https://www.usgs.gov/software/modflow-6-usgs-modular-hydrologic-model

* When you have downloaded the files extract them to the folder C:/WRDAPP/

2 ModelMuse — O H

~What do you want to do?

& Create new MODFLOW modet

 Create new PHAST model

 Create new SUTRA model

© Create new WellFootprint project

 Open an existing ModellMuse project

" Import MODFLOW-2005 or MODFLOW-NWT model

© Simple_model 1.gpt (M:\Undervisning\Georesources\GWM\Johanna\Simple _model 1.gpt)

?ﬂelpl Next == |

. Initial Grid — O e

[MODFLOW®  ~| MODFLOW Version

—specify inifial grid (optional)
|2[! Number of columns Column width |Layer group name| Bottom
= elevation

ISD
I Number of rows ISD Row width Model_Top 0

Upper Aquifer -30

1 Mumber of layers

Grid origin: Upper left corner

Grid angle (degrees)

ID X ID
ID Y I Vertical exaggeration
ID z

? Help X No grid | Finish == |
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https://www.usgs.gov/software/modelmuse-graphical-user-interface-groundwater-models
https://www.usgs.gov/software/modflow-6-usgs-modular-hydrologic-model

A ModelMuse - O x
Eile Edit Grid Data Object Navigation View Customize Model Help
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Model>MODFLOW Time...
8 MODFLOW Time - O x

Length Maxfirsttime Multiplier Steady Statef
step length Transient

oo o | H

Stress | Starting | Ending | Length | Max first time |Multiplier| Steady State/ | Drawdown | Number of
period | time time step length Transient reference steps
(calculated)
1 -1 0 1 1 1 Steady state [ 1
1 @Number of stress periods \secondsﬁ} j Time unit (ITMUNI) ‘ Insert |
Convert time units ? Help ‘ W 0K | b4 Cancel|
. MODFLOW Time - m| *

Length Maxfirst time Multiplier Steady Statef
step length Transient

o o | -

Stress | Starting | Ending | Length | Max first time |Multiplier| Steady State/ | Drawdown | Number of
period | time time step length Transient reference steps
(calculated)
1 1 0 1 1 1 Steady state [« 1

2 72000 72000 3600 1 Tansient > = 20

2 »| Number of stress periods \seconds{‘l} jTlme unit (ITMUNI) Delete ‘ Insert |

Convert time units ? Help ‘ W OK | XCanceI|




Model>MODFLOW Packages and programs...

& MODFLOW Packages and Pragrams - O X
£ Flow Packages CHD: Time-Variant Specified-Head package
& NPF: Node Property Flow package
B STO: Storage package Comments
I~ HFB: Horizontal Flow Barrier package
=-Boundary conditions
| | E-Specified head
82 CHD: Time-Variant Specified-Head
Specified flux
™ RCH: Recharge package Name | Value |
-~ WEL: Well package
#-Head-dependent flux
- Solvers
- Observations
- Post processaors
0 2| Number of parameters
? Help v OK X Cancel |
a
File Edit Grid Data Object Navigation View Customize Model Help
DA3H M- (B8 $B@w [wae (%, =Tl Qe a%m
Xb| —@BEHDEE] - 1@3 el EEEELICE
' : ? 10‘00 20‘00 2‘0 1‘0 ? —1‘0 —3IO J’!
2. Draw a line
(=SS =P through the top e
D)
] row
Properties IData Set: mces‘ Comments/Capnonsl
Evaluated at
@ r I~ Position locked Object information (not editable)
Object length
Name - [Objectt 978 042652520749
r Iv Duplicate cells allowed [0" " quadtree refinement Object area T
I” Use to set grid cell size 0
100 Object order
I~ Color object line — n
I~ Color object interior .
r Minimum fraction
& Setvalues of intersected cells icelena
gl r I g
T Number of Z formulas T
© Zero < One & Two
[(Model_Top + Upper_Aquifer_Bottom) / 2
Higher Z-coordinate ‘Mode\_Top EditF().. [——
2 [i 5 Lower Z-coordinate ‘UpperﬁAquerﬁBonum Edit F().
N 3 | Convert time units “? Help ‘ ' OK ‘ X Cancel
LT : (‘J ‘ 10‘00 20‘00 | L

£ A @ 7 ) NoB
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a. - O X
Properties' Data Sets MODFLOW Features |Verlices| Comments/Captions

aegd'~HD: Time-Variant Specified CHD: Time-Variant Specified-Head package
HFB: Harizontal Flow Barrier ¢

-~ RCH: Recharge package

[~ WEL: Well package

Formula

Starting | Ending | Starting | Ending
time time head | head

-1 0 0 0

0 72000 0 0

P

|2 3: umber of times ‘= Insert | X_Qeletel
Convert time units | ? Help |  OK X Cancel |

Draw another line, this time through the lowermost row

a. - O X
Properties | Data Sets MODFLOW Features |Vl—:-rlices| Commentstaptions'

el CHD: Time-Variant Specified CHD: Time-Variant Specified-Head package
[~ HFB: Horizontal Flow Barrier ¢
-~ RCH: Recharge package

7~ WEL: Well package

Formula

Starting | Ending | Starting | Ending
i1 time time head | head

(-1 0 5 5
(o 72000 |5 5
|2 E’C Number of times = Insert | X.Qelele|
£ ¥
Convert time units | ‘? Help |  OK X Cancel |

* Save your model.
* Discuss: What will happen with the hydraulic head
when you run the model?
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Run model

o IVILAS IV IMSS ¥l U W I3 1 VSR S LSS W VT VT G IS U EI_CUACu L

File Edit Grid Data Object Navigation View Customize Model Help
u.a%-k-(me@ |BEsmBaw xser¥b[eTA QaQlex
b | —mEdE+| e a0 ¢=%2 ] [[0065 0=

0

1000

3 save MODFLOW input files 24
Lagre i: I Johanna LI - ﬁ Ef~
o

i Mavn Endringsdato Type
X D mfsim.nam 31.01.2020 11:23 MAM-1
N Model_1.nam 30.01.2020 10:18 MAMA
[ [] Model 2.nam 30.01202011:05  NAMH
Skrivebord [ Model_3.nam 30.01.2020 11:09 NAM-{
. [ Model_4.nam 30.01.2020 12:29 NAM-{
m [ Model_5.nam 30.01.2020 12:39 NAM-
Biblioteker [ Model_g.nam 30.01.2020 12:49 NAM-{
5 [7 Model_T.nam 30.01.2020 12:50 NAM-{
- [ Model_8.nam 30.01.2020 12:53 NAM-{
Denne PCen ™ ginle_model_T.nam 31.01.2020 10:44 NAM-
@ [ simple_model_2.nam 31.01.2020 10:50 MAM-1
Nettverk D Simple_model_3.nam 31.01.2020 11:08 MAM-1

[ Simple maodel 4 wellL2.nam 31.01.2020 11:22 MAM-A Y
< >

le_model 2020 run_1

Filnavn:

=]

Filtype: IMODFLOW Mame Files {*.nam)

;I Avbryt |

Choose a good
name

G?)Execute model

¥ Export MODPATH input [T Creats new composite budget file
¥ Export ZOWNEBUDGET input

Description of Project

&, ModelMonitor — O *
Configuration 1
R 0s
S
> @ mfsim.lst 04 O Time Step
0.4
v .Model 1 g
@usting | § °?]
(i)
.Results é rpoo00O0000d0O0oOooooog
About 504
“ 04
-06
05
-1 . . . .
5 10 15 20
Restart model @ 2% Stop model

*  Successfull run with happy smileys everywhere...
*  (Close all Model Muse windows apart from the main one
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Load the results

O IVIUUEHFIUSE, 1Vl AL IS VI3 T VST S0 LSS L VIV UGS LIS IUUE_CUASU Y L

File Edit Grid DgtaObject Navigation View Customize Model Help
B >| BosmBw | [RAS ¥ ¥ | &TH

XA | —HE@SSE | D0 F %2 - ||OFFT

' 0 1000
; T T T ; T T T T T T ; T

o @a g%
2

2 Select Model File x
Soki: | Johanna j £¥ B~
% MNavn Endringsdato Type =
o dMndeI_B.cbc 30.01.2020 12:53 CBC-fi
Hurtigtilgang - ]
| | Simple_model_2.bhd 31.01.2020 10:50 BHD-fi
Val (] Simple_model_2.cbc 31.01.20201050  CBC-fi
Skrivebord | | Simple_model_3.bhd 31.01.2020 11:.07 BHD-fi
. | | Simple_model_3.cbe 31.01.2020 11:07 CBC-i
™ | | Simple_model_4_wellL2.bhd 31.01.2020 11:23 BHD-fi
Biblioteker | | Simple_model_4_wellL2.cbc 31.01.2020 11:23 CBC-fi
[! i | Simple_model_20%20 _run_1.bhd 05.02.2020 16:06 BHD-fi
= | | Simple_model_20:20_run_1.cbc 05.02.2020 16:06 CBC-i
Denne PCen ™ 1t 1.bhd 30.01.2020 14:12 BHD-fi
@ [ Test_1.che 30.01.2020 14:12 CBC-fi
. .
Nettverk dTest_E.bhd 30.01.2020 14:17 BHD-fi
| 1 Test 2.che 30.01.2020 1417 CBC-fi ¥
< >
Filnavn: |Simp|e_mode|_2[}x2l}_n.|n_'| j Apne
Fittype: |C0mm0n supported file types j Avbryt
# ModelMuse: Mi\UndervisninghGeoresources\GWM\Johanna\Simple_model_20x20.gpt - O x
File Edit Grid Data Object MNavigation View Customize Model Help
D3 M- |(|[BEBRBw | | (wiAe 2 =T Qe ns g
Moy | —EEe} @4 || e A0S0 2 - IS D@ e | B
0 1000 10 0 10 30
' T T T T T T T T ﬂ
g J=
2.63158130645752:|Head_P2_S20; set via default formula: Head_P2_S20_L1

(X.Y): (739.34, -503)

Col: 15; Row: 11

The colours indicate the altitude of the hydraulic head of the layer (red higher, blue lower).
Move the cursor over the grid to read the altitudes.

Discuss: How does the groundwater flow in the model?



Time to add a well
Model>MODFLOW Packages and programes...

23 MODFLOW Packages and Programs - O x
=I-Flow Packages .
) | WEL: Well package
~ @ NPF-Node Property Flowpi - g Cell adjustment fraction (PHIRAMP - MODFLOW-NWT)

-~ STO: Storage package
-~ HFB: Horizontal Flow Barrie [ Use tabfiles to define well pumpage (TABFILES) (MODFLOW-NWT 1
= Boundary conditions Comments

= Specified head
W CHD: Time-Variant Spec
=-Specified flux g
~~_ -~ RCH: Recharge package

IESFWEL Well package

EEEEaay

H-Head-dependent flux y
+-Solvers
& Observations Name | Value |
#-Post processors
IO E‘: Mumber of parameters X Delete
< >
? Help | W OK X Cancel |
¥ ModelMuse: M:\Unden isning\Georesources\GWM\Jchanna\Simple_medel_20x20_w_well.gpt - a X

File Edit Grid Data Object Mavigation View Customize Model Help

D3H)Y-Bm @O RBw [vAe ¥ (eTl||Q0adE

x4 | —sEaEk (Yo sO es2p ] (o800 a |8
g e powow g

(=T e [=]
i -3 il

9 - [m] X

Properlies' Data Sets (MODFW Features ) erlic:es' Comments/Captions

= CHD: Time-Variant £ WEL: Well package ‘

ﬁWEL: Well package

Formula

Starting | Ending | Pumping rate
time time | per unit length

ﬂj‘ or area
Q[ 0 72000 001
o
o
e
| N 1 3: Number of times Hinsert | ¥ Delete
S — [, Pumping rate interpretation  |Calculated M
\
< > _ Tabfile
1 " " I " " " " I . .
7 0 Convert time units | ? Help | v OK X Cancel
Col: 10; Row: 10 -2.36841988563538: Water Table P2 S20; Intersected by Water Table—P2 S: Y
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*  Runthe model again. Save it under a new name.

* Load the data

* Discuss:
* How did the water table change when you added the well?
*  How will that change the groundwater flow?

Contour lines can make it easier to see how the groundwater would flow.

‘\K?H*“T/%Hﬁ@ e e d g

3 Data Visualization — e {7 none
h = Data Sets
Selection | Filters | Legend| = Optional
Dat Specily = Model Resuits
M 7 Pathlines peci : #- 3D Data
MODPATH End Points ater Table P2 S20 =14 ™ contours _Edit cortours.| = Layer Data
MODPATH Time Seri = Water Tabl
jte:)accjpézz:rtgiﬁbfgsejlts Data 5 tead only) o Contour Interval '\.te Tb.le P2 520
e read from: "M:\Undervisning\Georesources\GWM\Johanna\Simple_model_20: ~ = Required
SFR Stream Links e
STR Stream Links Stress Period 2
f, e N Time Step: 20
WR Reach Connections Elapsed Time: 71999
SWR Observations Cila lact madifiad an- NA N9 2070 11-N0-N8 ~
Vectors (SUTRA models) < *
Cross Seclions Method  Label contours
ISimpIe 'l Contour label font |
When changing data sets———— Label spacing (pixels)
= Update limits and legend (defaulf) |100 'Z]
" Retain limits and legend (animations) Edit custom
Color schers color schemes | Cycles
X!l ight Blue to Dark Blue +| 1 =
Color adiustment
—SG— [060 =] Log transform
? Help | K v Apply SI I Close
-1 1 1 1=
-——2;- '-._______-
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Export your results

. ModelMuse: MAUndervi sning\Georesources\GWM\Johanna\Simple_model_20:20_w_well.gpt

File Edit Grid Data Object Mavigation View Customize Model Help

New ‘posmBw (xAe VX [eTlARR 0 TE <
-+ Open -
Ll s s [*[[+20-0 ¢ 2p [00@5@u|® |
S2es 1000 10 0 10 -30
Export } MODFLOW-2005 Input Files b S
Files to Archive... } MODFLOW 6 Input Files  Ctrl+E
Simple_model 20x20.gpt ’ MODFLOW-LGR Input Files
Simple_model_1.gpt P MODFLOW-NWT Input Files
p  MODFLOW-OWHM Input Files R — 1
Exit
} MODFLOW-CFP Input Files
MODPATH Input Files
i ZONEBUDGET Input Files e
MT3D-USGS Input Files
i Shapefile 4
Data Sets to CSV
B ¥« Image..
Export or Update ModelMate File
| SUTRA 2D Mesh
o (=]
sl 8
sl —
P ' ' '
. 0 1000
=xpaort an image of the top, front, or side view 4
# Export Image - O X
¥ View ~
Selected view
- Color legend
Model image height (pixels) - 5 i
[501 E| | R
Model image width (pixels) [ 38888
Bsa 3 W B 3333333
[ 27778
™ Show colored grid lines 2290999
v Show color legend
W Show contour legend N -1.666667
~ Show head observation legend -1
¥ Show endpoints legend - -0.5555556
¥ Horizontal scale - 0
I Vertical scale
N\
» Text
\ Contour legend
>~ .
Saved seftings Save Manage | @ poteh Copyimagel ? Help |
|(none) -] settings settings Saveimage | i Close
* Copy Settings | || Paste Settings
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Set at start

Standard

Set when you—1
created the well

A Exportimage O »
¥ View -
¥ Text
1= Color legend
\éVeILexzerimint 130 - - 5
onfined aquifer, 30m
14 K=0.0001, pumping -0.01 , B 4444844
- -3.888689
Title font L | 333333
o - 2777778
-2.222222
IT Ll Text font ) §
Scale font | 4111111
Color legend title = - 0.5555556
| I o

Contour legend title

Contour legend

> Animation

-5
4
-3
<
Saved settings Save Manage
|(none) j settings settings

Copy image
& Refresh
Save image

7 Help

i Close |

Copy Seftings | || Paste Seffings

Discuss: What would happen with the groundwater flow if the pumping doubled? Make

a prediction.

Save the model in a new file named e.g. Well_experiment_2.gpt

Use to red arrow and double-click on your well to get its properties.
* Under MODFLOW Features change the Pumping rate to -0.02

a.

Propeniesl Data Sets MODFLOW Features |Verlices| Commentstaptionsl

€ >

WEL: Well package

- O X

Formula
4| Starting | Ending | Pumping rate
i time time |per unit length

or area

0.02

’(} 72000

I1 3: Number of times

= Insert | XQeIetel

Pumping rate interpretation ICa lculated 'l

Tabfile

Convert time units |

? Help | v OK | XCancell

Run the model
Load the data.
Add contours.

Discuss: Compare the results to your prediction.
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*  Export the result as an image. In the Title text box write:

& Export Image

¥» View

¥ Text

Title

Well experiment 2
Confined aquifer, 30m
K =0.0001, pumping -0.02

Next we’ll try what happens if we change the aquifer properties...

A ModelMuse: M\Undervisning\Georesources\GWM\Johanna\Simple_model_20:20_w_well3.gpt
File Edit Grid Data Object Navigation View Customize Model Help

DaHM Edit Global Variables... LK e \E!-:ﬁ“.\.\.\@TiHTq
Edit Data Sets.. D
X | e Vetastion.. = CEELIUTIEN
| Show Grid or Mesh Values Ctri+Alt+S 1000 10 0 10 30
' ——  Display Data Set Values ; ; ; ; T T T I T ﬂ
— Delete Model Results —
= = =]

o o
o o
o - —H o
=2 =
. . 1 \ \ . . I . . . \ 1 \ . . . 1
g 0 1000 L
Create, change, or delete data seis | | A
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0 Data Sets - m} *
& Optional Basic lComment
| B-Model Restults
. E-3DData ——
“-Head_P2_8S20 [Kx

fe-Layer Data Type Orientation
] - Water Table
E-Required |Real J |3D J

£ Hydrology Evaluated At Units

----- Active

----- Cell_Type |Celis El

""" convertible Interpolation Anisofropy

1 ----- IDOMAIN

(k) none 1

..... Ky =

..... Kz 2 Default formula Edit formula

Modflow_Initial_Head
Modflow_Specified_Head
Specific_Storage
Specific_Yield
XT3D_Angle_1

----- XT3D_Angle_2

----- XT3D_Angle_3

B Layer Definition

0.00004| |

Add

3 4
A D)

Test using 0.00005, that is half the
original level for Kx.

As a standard Kx=Ky=10*Kz so we
don’t have to change Ky and Kz
(but we could).

Discuss: Make a prediction for
what will happen to the hydraulic
head if the pumping remains the
same as in the previous model.

Run the model

Load the data.

Add contours.

Discuss. Compare the results to

your prediction.

Export it as an image file
Label it:
Well experiment 3
Confined aquifer, 30 m
K=0.00005, pumping -0.02

Finally we will test what would happen in an unconfined aquifer.

Data>Edit data sets

Discuss: Make a prediction (all other variables remain as in the previous experiment)

3 Data Sets

(- Optional
= Required

reell Typepp

---Convertlble

- IDOMAIN

- Ky

- Modflow_Initial_Head
- Modflow_Specified_Head
- Specific_Storage

- Specific_Yield

- XT3D_Angle 1

-~ XT3D_Angle 2

- XT3D_Angle 3

- Layer Definition

Basic \ Comment

Name

Cell_Type

Type Orientation
|Integer J |3D J
Evaluated At Units

Cells -

Interpolation Anisotropy

|n0ne

ERE

Default farmula

Edit formula

1

2

O=confined aquifer,
1=unconfined

4

Add ‘ ‘

?

Help ‘

& ARy

f(Cos> |

Johanna Anjar, University of South-Eastern

Norway



Run the model
Load the data.
Add contours.
Discuss: Compare the results to your prediction.
Export it as an image file
Label it:
Well experiment 4
Unconfined aquifer, 30 m
K=0.00005, pumping -0.02
Save your model.

Discuss: Compare the results from your four experiments. What happens
when you change the pumping rate or the K-value? What causes the
difference you see between the confined and the unconfined aquifer?

If you have time you may run additional experiments which you decide on
yourself.
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