COURSE: GROUNDWATER MODELLING USING
MODFLOW

Session 7: Three-dimensional steady-state
simulation with recharge, constant-head, a
river and wells.

Objective:

The objective of this session is learning how to define the aquifer type,
establish hydraulic parameters, select and unselect objects, define time
values, assign boundary conditions, run the model, analyze the global water
balance, and import the hydraulic heads.

Setting up model parameters

Open ModelMuse.exe and choose the option Create New MODFLOW Model. In
the “"Geo Reference and model Description” window change the length units
to "meters” and time units to “seconds”, after that click on “"Next”.

# ModelMuse = O X

-Geo Reference and Model Description
Model description

Simulation starting date Projectiontype—— Length unit Time unit
| 1/ 112000 = (‘-‘ epsg ¢ prod |Meters ~| |seconds -]

Simulation starting time Projection

[o0:0000 ] |

? Help | Next =

Defining model grid properties
The configuration of the “Specify initial grid” options is as follow:
The number of rows is equal to 11 and the number of columns is equal to 8.
The number of layers is equal to 3.
The column width is equal to 150 and row width is 200.

The model top is set as 0



The layer group name is set as AgX, where “X” is the layer number.
The bottom elevations are -20, -25 and -35 meters.

After making these configurations click on “Finish”.
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Defining time properties
To define the time properties, go to *“Model / MODFLOW Time...”
I

Model = Model Selection  Help
Edit Geo Reference
MODFLOW Packages and Programs...
MODFLOW Layer Groups...
MODFLOW Hydrogeologic Units...
MODFLOW Output Control...
MODFLOW Options...
MODFLOW Program Locations...

Link Streams...

Manage Parameters...

Manage Head Observations...

Manage Flow Observations...

MODFLOW MName File...

Observation Type L4
Child Models...

Contaminant Treatment Systems...

The time units are left as default, a steady-state simulation of 1 stress-period of 1 day.



1 MODFLOW Time — [} ®
Length Max first ime Multiplier Steady State/
step length Transient
0 0 0 -
Stress | Starting | Ending | Length | Max first time [Multiplier| Steady State/ | Drawdown | Number of
period | time time step length Transient reference steps
(calculated)
-1 0 1 1 1 Steady state [ 1
|1 3: Numberofstressperiods|seconds(1) ~| Time unit (ITMUNI) Delete | Insert

Convert time units

Discretization model

? Help | ' OK | XCanceIll

Then go to Model /Modflow Layer Group. Then will appear a dialog box and
the layers in the model and change the Layer type:

e Unconfined aquifer - Convertible
e Confined - Confined Layer
e Confined - Confined Layer

4 MODFLOW Layer Groups — O ® 1 MODFLOW Layer Groups _ - w
_':W_ Basics | Discrefization| ~I=AgAlwial | Basics | Discretization|
.EAdedRm:k eyyern G_[OUD (ier o 5---:ock Layer Group (Aquifer) Name
[AqAluvial | IAqCort
LR (LA, LTS Layer type (LAYTYP, LTHUF)
I_ Convertible j I: Confined j
CompuUle calirated TICkness using starting head . 8
[ T COMPUTE Samarey Teress Using starting head
(LAYTYP) " (LavTYP) o
Method of calculating interblock transmissivity (LAYAVG) Method of calculating interblock transmissivity (LAYAVG)
IHarmonic mean (0) j IHarmonic mean (0) j
Method of specifying vertical hydraulic conductivity Method of specifying vertical hydraulic conductivity
(LAYVKA) (LAYVKA)
[Vertical hydraulic conductivty (0) [] [Vertical hydrauiic conductivity (0) -
Horizontal anisotropy (TRPY) Horizontal anisotropy (TRPY)
1
2 =] kS a8 x|
? Help | v OK I X Cancel | ? Help | o OK I X Cancel |
. MODFLOW Layer Groups [m] X
s nAqAlwial | Basics | Disgretzation|
- DAgConf -
e’ Layer Group (Aquifer) Name
[ AgBedRock
= AgBedRock] aBedRock
Layer fype (LAYTYP, LTHUF)
I: Confined j
M\ng starting head
(LAYTYP)
Method of calculating interblock transmissivity (LAYAVG)
IHarmunic mean (0) j
Method of specifying vertical hydraulic conductivity
(LAYVKA)
[Vertical hydraulic conductivity (0) -
Horizontal anisotropy (TRPY)
4 5 '

? Help | ' OK | X Cancel |




Defining hydraulic conductivities

According to the characteristics of the aquifer, the hydraulic conductivities for each layer
have been defined, introducing the following values in m2/seconds.

Layer

Kh(m/d) Kh(m/s)

Kv (m/s)

AgAlluvial

5 5.78704E-05

1.15741E-05

AgConf

0.1 1.15741E-06

5.78704E-07

AgBedRock

10 0.000115741

1.15741E-05

Then create a rectangle object with Create rectangle object as the imagen. In the
properties of this object change the following:

. Object Properties

Properties |Data Selsl MODFLOW Featuresl Verlicesl Comments!Caplionsl

Evaluated at
[r: Cells

€ Cell corners

‘ I~ Position locked

Object information (not editable)

|Name [ Aq Allwial

v Duplicate cells allowed
I” Use to set grid cell size
Grid cell size

¥ Color object line

™ Color object interior

0 Quadtree refinement

100

Set object line color

Obiect length
[712131519274376
Object area
12911283.10734725
Object arder

6

Set object fill color

|l7 Set values of enclosed cells I

Minimum fraction

I~ Set values of intersected cells
IC Setvalues of cells by interpolation

Number of Z formula:
[f‘ Zera  One

Z-coordinate

Higher Z-coordinate

Lower Z-coordinate

of cell length
e
= Two ‘
|(Mode\jop +AgAlluvial_Bottom) / 2. Edit F(}..
[Model_Top Edit F()...
|AqAIIuviaI_Butlum Edit F()... |

7 Help | V' OK I XCancell

Select Data Sets and go Required/ Hydrology / Kx, here we can define the hydraulic
conductivities mentioned (Kx and Ky). Click on OK.

B Object Properties

Properties Data Sets | MODFLOW Featulesl Vemces| C

aplionsl

- a x
A Object Properties.

I~ Optional
=+ Required
= Hydrology
-~ Active
T~ Horizontal_Anisotropy
K]
- Ky
Kz
-~ Modflow_Initial_Head

Layer elevations can only be specified
using objects with Zero Z formulas.

Formula for "Kx" data set

Edit F()...

I~ Optional

5.78703703703704E-5

EI7 Required

« Data set comment

= Hydrology
T~ Active

¥ Kx
[

Kz
Associated model data

PHAST: MEDIA-Kx 2
MODFLOW LPF, UPW: HK
MODFLOW BCF: TRAN HY
MODFLOW 6 NPF- K v

i1~ Horizontal_Anisotropy

I~ Modflow_Initial_Head

Layer elevations can only be specified
using objects with Zero Z formulas.

Formula for "Ky" data set

- o x

Properties Data Sefs | MODFLOW Featyres | vertices | Comments/Captions|

Edit F()...

Kx/5.

+ Data set comment

Associated model data

“PHAST-style interpc

PHAST: MEDIA-Ky o
MODFLOW LPF, UPW:

HANI
MODFLOW HUF and BCF:

PHAST-style interpolatic

I Use PHAST-style interpolation

(ol Gy

Interpolation direction or mixtur
’7 oz € Mix

Distance 1 [o Value 1 |0 Mixture formula

Distance 2 |1

Value 2 |1 |

EditF()

? Help | v OK | X Cancell

Then generate a new object to define the hydraulic conductivities for AqConf:




B Object Properties - o X & Object Properties - [u} x

Praperties |Data Sels| MODFLOW Fealures| Venicesl Comments/Captionsl Properties Data Sets [MODFLOW Featuresl Vemcesl Comments/Captions
Evaluated at n K"
’7,‘- Calls ¢ Cel comers I” Position locked ~Object information (not editable) " Optional g gogae
) B Required 1.15740740740741E-6
Name | K_Aq_Conf | L LERIETD 17 Hydrology
SLasl 7058 95691609977 T~ Active
I Duplicate cells allowed 0 Quadtree refinement Object area 'I;nzomaLAnlsolropy 4
I~ Use to set grid cell size 2871619.84975396 ® Ky B Object Properties - =] x
Grid cell size 100 Object order - Kz Properties Data Sets | MODFLOW Features | Vertices | CommentsCaptions
T~ Modflow_Ir - i
I~ Color object line Set object line color —_ 7 E F cR)pegﬁir:‘d o Y data s Edit F().
I~ Color object interior Set objectfill color | . t;‘.’gsé?g;“:ﬁ;azgg BF HydAr:tlpgy
= I~ Active
[ Setvalues of enclosed cells Minimum fraction I Horizontal_Anisatropy
et values of Interse cells e PHAST-style interpolal :
I Setwvalues of cells by interpolation 0 ;
Number of Z formula: I Use PHAST-style it T~ Modfiow_initial_Head Data set comment Associated model data
’1‘ Zero < One © Two | | J
Distance 1 Value 1 |0 Mixture formula
Z-coordinate |(Mcde\jcp +AqgAlluvial_Bottom) / 2 Edit F(). 0_ —
Higher Z-coordinate [AqAllwial_Bottom Edit F(). Distance 2 |1 Value 2 [i I EditF()
P Help | ' OK X Cancel | ? Help | ' OK I X Cancel |

Then generate a new object to define the hydraulic conductivities for AgBedRock:

# Object Properties - o x 9 Object Properties - o X
Properties |Dala Sels| MODFLOW Fealures| Veriices| Commenls/Caplions| Properties Data Sets |MODFLOW Featuresl Vemcesl Commems/caplionsl
Evaluated at - . 5 I~ Optional ormula for "RX" data set | Edit F()...
’—(; Cells © Call commers I~ Position locked Object information (not editable) = Required |
1 Object length = Hydrology
|Name [ _Aq_BedRock I 7083 90022675737 I~ Active )
0 Quadtree refinement Object area ": 0”10""=3|,Anl50‘f09!’ H
K
I™ Use to set grid cell size 2881224 579779 ¥ Ky B Object Properties - o x
Grid cell size 100 Object order T Ke Properties Data Sets |MODFLO\N Fealures| Vertices | Comments/Captions.

T~ Modflow_Ini

I~ Color object line Set object line color —| B . B~ Optional JFrormula for "Ky" data set Edit F)
Layer elevations can on = I~ Required ix/ 10
I~ Color object interior Set object fill color [ | using objects with Zero| = Hydrology

A

Minimum fraction I~ Horizontal_Anisotropy q

of cell length PHAST-style interpolati 7 Kx i
I Setwalues of cells by interpolation 0 I Use PHAST sty i

Number of Zformulas—— - el I~ Modflow_Initial_Head { Data set comment Associated model data
’7(“ Zero  One I & Two ‘ ' '
1 Distance 1 [o Value 1 |0 Mixture formula
Z-coordinate rModeLTop +AgAlluvial_Botton)/ 2. Edit F() —
Distance 2 |1 Value 2 |1 Edit F|

Higher Z-coordinate l‘\dedRockﬁBonom Edit F()... I I I 4

? Help |  OK X Cancel |

Defining initial condition

Let 's define the initial condition to do this go to Edit/Edit data sets... and choose the
Required/Hydrology options, here we can define the Modflow_Initial_Head
mentioned.

# Dats Sets — u] X
F- Optional Basic |Commenl
- Required
=+Hydrology imre
Active [Modfiow_Initial Head
Horizontal_Anisotropy Type .
Kx
Ky [Real -] o -]
Kz - Evaluated At Units
Modflow Initial Head
Modflow_Specified_Head |CE||S j |
= Layer Definifion Interpolation Anisofropy
Model_Top
AgAlluvial_Bottom [none ERE
AgConf_Bottom =
AqBedRock_Bottom Default formula Edit formula
Model_Top + 2.

Add Delete ? Help H  Apply | Il Close




Defining boundary conditions

In this exercise, we add 4 boundary conditions, Recharge (RCH), the Constant head (CHD),
well (WEL) and River (RIV).To activate the packages go to Model/MODFLOW Packages
and Programs....

Once you have checked the three boundary conditions click on Ok.

# MODFLOW Packages and Programs — m} X

+~ UZF: Unsaturated-Zone Flow packag ~

L~ SWI2: Seawater Intrusion package
=-Boundary conditions
E-Specified head
¢ % CHD: Time-Variant Specified-Het
i~ FHB: Flow and Head Boundary pe
E-Specified flux

E kage Recharge location option  [Top active cell  =| ™ Time var

-I" FHB: Flow and Head Boundary pe (Recharge assignment method

RCH: Recharge package
Comments

E+-Head-dependent flux ; Objects overwrite values of previous objects
I~ DRN: Drain package Sum values of all objects

-~ DRT: Drain Return package

[~ ETS: Evapotranspiration Segmen M
[~ EVT: Evapotranspiration package
-~ GHB: General-Head Boundary pa
I~ LAK: Lake package

I~ MNW1: Multi-Node Well package
-~ MNW2: Multi-Node Well package
I~ RES: Reservoir package

[ RIV: River package

-~ SFR: Stream-Flow Routing packa
I~ STR: Stream package

B Solvers
. Suhcidenca 0 3: Number of parameters ¥ Delete
< >
“? Help |  OK | X Cancel |

<

First, to define the CHD Object, create a polyline with Create polyline object as the
imagen. In the properties of this object change the following:

4 Object Properties - o *

Properties | Data Sets| MODFLOW Fealulesl Verllcesl Commenlleaplionsl

Bl o
E at

‘ & Colls © Cell comers | I” Position locked ~Obiject information (not editable)———
I Object length
N
ame |CHD 22m 1085.03401360544
' Duplicate cells allowed 0 Quadtree refinement Object area
™ Use to set grid cell size 0
Grid cell size 100 Object order
v Color object line Set object line color — B
I~ Color object interior Set object fill colar .
™ Setvalues of enclosed cells Minimum fraction
v Setvalues of intersected cells picelenal]
T Setvalues of cells by interpolation 0
Number of Z fc
’7(‘ Zero < One| & Two ‘
Z-coordinate |(Mode\jop +AgAlluvial |Bottom) / 2 Edit F)...

Higher Z-coordinate |ModeI_T0p Edit F()...
? Help | VoK | xX Cancel|

Now go to the "MODFLOW Features” tab and check the "CHD" option, the “Starting and
ending times” are set from “-1 to 0” and the Starting and ending head is set equal to
ModelTop+2. Click on OK to proceed with the next boundary condition.



8 Object Properties - [m] *
Ploperlies| Data Sets MODFLOW Features |Verlices| Comments/Captions

w CHD: Time-Variant Specified-Head package
[~ RCH: Recharge pacl
I~ RIV: River package
™ WEL: Well package

Formula

Starting | Ending
o fime time
1 0 Model_Top + 2. Model_Top + 2.

Starting head Ending head

|1 EI: Number of times H Insert XDeIetel
Time-series interpolation IL\NEAR-END 'l

Convert time units ? Help | ' OK | X Cancel |

Then create another CHD Object with the following properties:

B Object Properties — o x

Properties | Data Setsl MODFLOW Fealures| Vemcesl Comments/caplions|

Evaluated at
((-‘ Cells m‘ I Position locked ~Object information (not editable)——

N Object length

aTe _[CHD_18m 1072 58080730043
& Duplicate cells allowed 0] Quadiree refinement Object area
™ Use to set grid cell size 0
Grid cell size 100 Obiect order
v Color object line Set object line color — ¢
I~ Color object interior Set object fill color .
™ Setvalues of enclosed cells Minimum fraction
¥ Setvalues of intersected cells CiEEEgn

ETVaTIES O C2Ns Dy MTeTpolanon 0

Number of Z formulas—
’7(“ Zero  One & Two
Z-coordinate |(ModeLTop +AdgAlluvial JBottom) / 2 EditF{)...

Higher Z-coordinate |Modeljop Edit F()...

Convert ime units | ? Help | ' OK | XCancell

Now go to the "MODFLOW Features” tab and check the "CHD" option, the “Starting and
ending times” are set from “-1 to 0” and the Starting and ending head is set equal to
ModelTop-2. Click on OK to proceed with the next boundary condition.

. Object Properties - O 'Y
Properliesl Data Sets MODFLOW Features |Verlices| CommenlSJ‘Caplionsl

m CHD: Time-Variant Specified-Head package
I~ RCH: Recharge pacl
T~ RIV: River package
-~ WEL: Well package

Formula
Starting | Ending | Starting head Ending head
y| time time
-1 0 Model_Top-2.  Model_Top-2.

1 3: MNumber of times ‘= Insert | X Delete
Time-series interpolation  |LINEAR-END i

Convert time units ? Help | v OK | X Cancel |




The "WEL" package is located in a grid cell, use the Create point object tool.
Draw a point located in the layer 3, row 5 and column 6

The properties of the point are as follows:

@ Object Properties

Properties |Dala Selsl MODFLOW Fealulesl Verlices| Commenls/Capllon5|

Name it WEL

Evaluated at -
& Cells m I Position locked
1

ame |We||
Give it a Color line to differentiate the well. ¥ bwicate ceis alowed

I” Use to set grid cell size

Grid cell size

Set the number of Z formulas to Two with
the following characteristics:

¥ Color object line

= Color object interior

Higher Z-coordinate = Upper_Bottom

I Setwalues of enclosed ¢
v Setvalues of intersected
RIS e 1 e

~ cells
ol i1ty

0 Quadiree refinement

100

Set object line color

Set object fill color

2lls Minimum fraction
of cell length

—

Object information (not editable)——

Lower Z-coordinate = Middle_Bottom

Number of Z formulas
[P Zero  One

& Two ‘

Z-coordinate
Higher Z-coordinate

Lower Z-coordinate

Object length
0

Object area
0

Object order
2

(Model_Top + Upper_Aquifer_Bottom)|

EditF()

Upper_Aquifer_Bottom

[EditF(..

Middle_Aquifer_Bottom

Edit F()...

7 Help | ' OK | XCanceIl

In the “MODFLOW Features” tab, check the WEL package and do the following settings:

Set the Pumping rate to -0.00138 m3/s.

Be sure to select Direct in the Pumping rate interpretation options.

Click on OK to continue with the next boundary condition.

# Object Properties - O X
Pmpeniesl Data Sets MODFLOW Features |Vertices| Commentsf(;aptionsl

T~ CHD: Time-Variant Specif
~~ RCH: Recharge package
I~ RIV: River package

{84 WEL: Well package|

WEL: Well package

Formula
Starting | Ending Pumping rate
time time
-1 0 -0.0138888888888

|1 3: Number of times

Pumping rate interpretation

‘H |nsert | X.Qelelel

Direct =

Time-series interpolation STEPWISE 4

Tabf

< > I

Convert time units | 7 Help | ' OK X Cancel




The “RIV” package is located in a grid cell, use the Create point polyline tool
and draw the polyline as the image:

8 Object Properties — m} *
Properties | Data Setsl MODFLOW Fealuresl Verlicesl Commentstaptionsl
Evaluated at -
’7(;- Cells e Cell comers I~ Position locked ~Object information (not editable)———
m = 1 Object length
ame
[ame _River | 2107 71697514384
I Duplicate cells allowed 0 Quadtree refinement s
™ Use to set grid cell size 0
Grid cell size 100 Object order
v Color object line Set object line color —| B
I~ Color object interior Setobject fill color .
L Setvalies of enclosed cell Minimum fraction
| ¥ Setvalues of intersected cells TERETL )
1 e e 0
Number of Z formulas —
{f‘ Zero © One & Two | |
Z-coordinate [(Model_Top +AgAlluvial_Bdttom) /2. Edit F() |
Higher Z-coordinate |ModeI_Top Edit F()...
Lower Z-coordinate |AgAllvial_Bottom Edit F()...
? Help H ' OK | X Cancel |

In the "MODFLOW Features” tab, check the RIV package. the “Starting and ending times”
are set from -1 to 0” and the characters of the river are:

River stage: Interpolate(FractionOfObjectLength, (Model_Top + 2.), 0.0125, (Model_Top -
2.), 1)

River bottom: Interpolate(FractionOfObjectLength, Model_Top, 0.0125, (Model_Top - 4.),
1.)

8 Object Properties - [m} X

Propertiesl Data Sets MODFLOW Features |Verli=:es| CommenlSt‘Captions|

+ [~ CHD: Time-Variant Specif RIV: River package
[~ RCH: Recharge package
(=4 RIV: River package
L~ WEL: Well package

Formula

Starting | Ending | River stage | Conductance River bottom
time time

|1 0 Interpolate(Frac 0.0015 Interpolate(FractionOfC

1 3: Number of times Hhnsert | X Delete
Conductance interpretation  |Direct -
Time-series interpolation STEPWISE =

Convert time units ? Help | v OK | X Cancel |

Click on OK.



Running the model

First, save the model File/Save As, save the simulation with the name Model1.gpt. Now
we can run our model by clicking in the green arrow located in the upper left corner called

“Run”
IFEXEIE

Save the model files in the same folder as the “.gpt”, this folder appears as default, and
click on Save. The model starts to run and when it finishes it shows a yellow square in the
center of the window with green faces, which means the model has run successfully.

&, ModelMonitor - m] X
Configuration 1
i 08
. Manitor W Cumulative
> @ mfsim.Ist 08 L Time Step
v Model 1 - 04
® . g oo
. Listing %
5
@Results | & ° o
T
About g 02
= 04
08
-08
A !
K
Restart model @ 2% Stop model

At the end of the water budget file, you can see the water balance and the importance of
choosing the “interpretation” as “Direct” to have the exact value for the pumping and
conductance in the boundary conditions.

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1, STRESS PERIOD 1

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L*#3/T
IN: IN:
STORAGE = 0.p000 STORAGE = ©.0000
CONSTANT HEAD = 1.1822E-82 CONSTANT HEAD = 1.1822E-82
WELLS = 0.00088 WELLS = 0.0800
RIVER LEAKAGE = 1.8@98E-83 RIVER LEAKAGE = 1.8@98E-03
RECHARGE = 1.3699E-82 RECHARGE = 1.3699E-82
TOTAL IN = 2.6531E-82 TOTAL IN = 2.6531E-82
ouT: ouT:
STORAGE = 0.pooee STORAGE = ©.0e00
CONSTANT HEAD = 9.3198E-83 CONSTANT HEAD = 9.3198E-83
WELLS = 1.3889E-82 WELLS = 1.3889E-82
RIVER LEAKAGE = 3.3228E-03 RIVER LEAKAGE = 3.3228E-03
RECHARGE = 0.p000 RECHARGE = ©.0000
TOTAL OUT = 2.6531E-82 TOTAL OUT = 2.6531E-82
IN - OUT = -1.8626E-89 IN - OUT = -1.8626E-09
PERCENT DISCREPANCY = -0.00 PERCENT DISCREPANCY = -0.00

Close the water budget files and then we can continue to visualize the outputs.



Importing results

We can import the simulated heads going to "Import and display model results”

Eile Edit Grid Data Object MNavigation Wiew Customize
DAH )Y -Bs (B0 s B@w|||x.
‘ x (_”_> | _ H =t —F = m || P rr— |

‘Import and display model results (CtrI+MJi E

Select the Model1.fhd file and click in Open

A new window appears indicating the period to be imported and the “Display choices”,
import only period we have as “contour grid”

8 Select Model Results to Import - O X

Head: Period: 1; Step: 1; Total Time: 1

[Model Resuits ~| Classification | Prefix

"Displayr choice ‘

 Color gnd & Contour gnd " Neither

Data used to color or contour grid

|Head: Period: 1; Step: 1; Total Time: 1 j
Selectall | Deselectall
data sets data sets 7 Help v OK X Cancel

And you get the distribution of the model, in which you can see the distribution of the water
table.
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