COURSE: GROUNDWATER MODELLING USING
MODFLOW

Session 9: Simulation a groundwater model

Objective:

The objective of this session is define package and programs, assign the
boundary conditions CHD, RCH, EVT and RIV, run the model, analyze the water
balance, import the results and represent the water table in a profile view.

Go to
Course_GroundwaterModellingMODFLOW \Week_9\Practice\Models

Then open Modell_a.gpt.

Defining package and program

To define the boundary conditions it is necessary that they are active. Go to Model/
MODFLOW Packages and Programs and activate MODFLOW-NWT. Then, go to
RCH and change the Recharge Location Option to Top active cell.

) MODFLOW Packages and Programs - O X
B-Flow Packages & RCH: Rech K
EI--Boundar_y conditions Comhe?:l:sa[ge PEEERS
£ Specified head
¥ CHD: Time-Varnant Specified
“I~ FHB: Flow and Head Bounda
=-Specified flux
Jrd RCH: Recharge package
WEL: Well pack - .
F EHB. Floiv gig flg;d Bounda Recharge location option  |Top active cell  ~| I TIme varning
2 Head nep-endenl flux ~Recharge assignment method
-~ DRN: Drain package ] = Objects overwrite values of previous objects
-~ DRT: Drain Return package L Cesfoiallioniert

I~ ETS: Evapotranspiration Seg
~¥ EVT: Evapotranspiration pact M
I~ GHB: General-Head Boundar
~I~ LAK Lake package
T~ MNW1: Multi-Node Well pack
-~ MNW2: Multi-Node Well pack
-~ RES: Reservoir package
v RIV: River package
~I~ SFR: Stream-Flow Routing pz
I~ STR: Stream package
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Defining MODFLOW Time

Verify the time values in Model/ MODFLOW time. The values should be the
ones shown below.



# MODFLOW Time - ] X
Length  Max first time Multiplier Steady State/
step length Transient
0 0 0
Stress | Starting| Ending Length | Max first time |Multiplier| Steady State/ | Drawdown | Number of
period | fime time step length Transient reference steps
(calculated

1 -1 0 1 1 1 Steady state 1

2 0 631152000 631152000 31557600 1 Transient [l 20
2 >| Number of stress periods |seconds (1) ~| Time unit (TMUNI) Delete ‘ Insert |

Convert time units

Defining boundary conditions

? Help H v OK | XCanceI|

To import the boundary conditions, go to File/ Import/ Shapefile. The file is found

in:

Course_GroundwaterModellingMODFLOW\Week_9\Practice\Data,

it is called river.shp. Click OK

# Import Shapefile - C:\Users\Computer\ Documents\Gidanas\Cursos\ Course_GroundwaterModellingMODFLOW,.. - m]

Options 1 ]Optians.’!] CSV (Optional)| Data | Features | Coordinate Conversion
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<
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-l
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]
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7 Help ||
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and

Then double click on the river and go to MODFLOW Features, select RIV and
fill the values as in the image.



9 Object Properties

- m] X
Properties | Data Sets MODFLOW Features |Verli=:es| Comments/Captions
[~ CHD: Time-Variant ¢ RIV: River package
~I~ EVT: Evapotranspire
~~ RCH: Recharge pacl
[®RIV- River package
[~ WEL: Well package
Formula
Starting | Ending time River stage | Conductance | River bottom
time
-1 631152000 Model_Top-1. 0.001 Model_Top - 3.
K

1 3: Number of times

Conductance interpretation  |Direct 2
STEPWISE e

a ) me-series interpolation

B Insert | X Delete

Convert time units |

? Help | ' OK | X Cancel |

To generate the recharge boundary condition,
encompasses the whole basin area, double click and
shown in the below image.

8 Object Properties

Properties | Data Setsl MODFLOW Featuresl Venicesl Commentstaptionsl
’*Evalualed at

& Cells © Cell comers ‘ LjBusioglocked
Name [RCH lﬁ%
v Duplicate cells allowed Io— Quadtree refineme Object area
" Use to set grid cell size lm
Grid cell size 100 Obiject order
¥ Color object line Set object line color 7

v Color object interior Set object fill color

Minimum fraction
of cell length

—

|I7 Set values of enclosed cells I
I~ Setvalues of intersected cells
I~ Setvalues of cells by interpolation
Number of

~Object information (not editable)——

create a rectangle that
consider the same values

Y formula
© One © Two

& Zero

nate |(M\ddle_Aquwfer_Bottom + Lower_Aquifer_Bottom) /2.

Edit F()

ordinate IMidd\e_Aquifer_Bottom

Edit F()

ordinate ILowerquu\ferfBottom

iy |

Convert ime units |

7 Help | V' OK | XCam:eIl

Go to MODFLOW Features, select RCH and fill the

values as in the image.



8 Object Properties — O x
Properliesl Data Sets MODFLOW Features |Vertices| Comments/Captions

I~ CHD: Time-Vanant ¢ RCH: Recharge package
«[~ EVT: Evapotranspire
Mg RCH: Recharge pac|
[~ RIV: River package

[~ WEL: Well package

Formula
Starting | Ending time Recharge rate
time
q-1 631152000 2.85388127853881E-8

1 2| Number of times 'Elnsertl XQeIetel

me-series interpolation  |STEPWISE j

< >

Convert time units | ? Help | W OK | XCancell

Then generate the evapotranspiration boundary condition, create a rectangle
that encompasses the whole basin area, double click and consider the same
values shown in the below image.

¥ Object Properties - u] ®

Properties |Dala Selsl MODFLOW Featuresl Verticesl Comments;’Captionsl

Evaluated at »
’7(;- Cells @) sl e ‘ ™ Position locked rObject information (not editable) ——
1 Obiject length
Name JEVT [13732. 2081575262
i Duplicate cells allowed |O Quadtree refinement Object area
I” Use to set grid cell size |11782914,1B16406
Grid cell size 100 Object order
¥ Color object line Set object line color IG
¥ Color object interior Set object fill color D
¥ Set values of enclosed cells | Minimum fraction
™ Setvalues of intersected cells ieeenaly
I Set values of cells by interpolation 0
Number of Z formulas—
& Zero © One © Two
Z-coordinate |(Midd\e_Aquifer_Bottom + Lower_Aquifer_Bottom)/ 2. Edit Fi}. .
Higher Z-coordinate |M|dd\e_Aquﬁer_Bott0m Edit Fi}. .
Lower Z-coordinate |Lower_Aqu\fer_Bottom Edit Fi) |

Convert time units | % Help « OK | X Cancel |

Select the ETP option and insert the values according to the emerging window.
Click OK.



a2

Propemes} Data Sets MODFLOW Features lVemceﬂ Comments/Captions

I~ CHD: Time-Vanant <
-
-~ RCH: Recharge pacl
-~ RIV: River package

I~ WEL: Well package

EVT: Evapotranspiration package

Formula
Starting | Ending time Evapo- Evapo- Evapo-
time transpiration rate | franspiration |transpiration
surface depth
-1 631152000 2 88623E-8 Model Top 05

1 ]: Number of times ‘H Insert | X Delete

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

To define the perimetric Constant_Head, go to File/ Import/ Shapefile. The

file is found in:

Course_GroundwaterModellingMODFLOW\Week_9\Practice\Data,

it is called chd_high.shp. Click OK

a.

Options 1 }Opt\ons.ﬂ Csv (Opt\onalﬂ Data } Features | Coordinate Conversion

¥ Import shapes as objects

Evaluated at

Number of shapes =2 A
r 2 Minimum X = 350019.8420¢
c Maximum X = 353165.4208
|I7 Set values of intersected cells | Minimum Y = 8543822 9667
I~ Set values of cells by interpolation Maximum Y = 8549286.638 "
r < >

Import criterion |True Edit F()...

Import shapes as... |a

single, multipart object j

Imported shapes should be |wsib|e but not selected j

Number of Z formula

 Zero = One " Two

Z-coordinate

Model_Top - 4 32

o
o

i

Number of shapes = 2

? Help ' OK | X Cancel |

and

Double click the object. Insert the data of the MODFLOW Features. Click OK.



s 4

Propemeﬂ Data Sets MODFLOW Features lVemceﬂ Comments/Captions
R CHD: Time-Variant §
I~ EVT: Evapotranspire
I~ RCH: Recharge pacl
I~ RIV: River package
~ WEL: Well package

CHD: Time-Variant Specified-Head package

Formula

Starting | Ending time
time

Starting head ‘ Ending head

-1 631152000  Model_Top - 4.32 Model_Top - 4.32

1 2! Number of times - Insert | X Delete

LINEAR-END

< >

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

Define the second constant head with the same instructions of chd_high.shp
for chd_lower.shp

b= 4

F‘ropeniesl Data Sets MODFLOW Features IVemcesl Comments/Captions

e CHD: Time-Variant Spef CHD: Time-Variant Specified-Head package
[~ EVT: Evapotranspiratiot #A%[:{%CJTW F?laturesi s fied-Head K
] i : Time-Variant Specified-Head package
;Eﬁlﬂhﬁ’iiha;gsapaec"ag I chd_high 1 (ntersected)
WEL W HD . g ¥ chd_lower_1 (Intersected)

r - Well package Formula =~ EVT Evapotranspiration package
% # " RCH: Recharge package
2
B

[~ All Objects

[ Set Grid Cell Size
[+ Data Sets
-

RIV: River package
WEL: Well package

Starting
time

4 631152000 | Model_Top - 4.32 Model_Top - 4.32

Ending time Starting head Ending head

Choice Orientation
= Show  Select ()
-

E Show or select obiects

— (¢] ? Help

Show objects containing search term ‘ 11 Close |

1 2| Number of times ‘Hinsert | X Delete

LINEAR-END
< >

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

To increase the model iterations, go to Model/Packages and
Programs/Solvers and activate PCG. Change the maximum number of outer
iterations to 50 (MIXITER) and ITER 1 as 30.



) MODFLOW Packages and Programs - [m) X

[+ Flow Packages
Boundary conditions
= Solvers Comments

PCG: Preconditioned Conjugate Gradient package

[ PCG: Preconditioned Conjugate,
¢ PCGN: Preconditioned Conjugat
© GMG: Geomeric Multigrid pack:
© SIP: Strongly Implicit Procedure | pMax. number of outer iterations (MXITER): [50
¢ DE4: Direct Solver package
 NWT: Newton Solver Max. number of inner iterations (ITER1): |30
- Subsidence Matrix preconditioning method (NPCOND): |Madmed incomplete Cholesky ( '\
(- Observations [| rIHCOFADD
- Quitput & Convert active cells to dry when surrounded by dry cells (0)
- Surface-Water Routing ~ Convert active cells to dry when surrounded by dry cells AND head-dependant
[ Post processors and storage flow is zero (1)
E-MT3DMS or MT3D-USGS 4
" Max. abs. change in head (HCLOSE) |0 001
Max. abs. residual (RCLOSE): |0.00‘1
Relaxation parameter (RELAX): |1
Upper bound of the max. eigenvalue (NBPOL). |Ca\cu\ated (1)
Printout interval IPRPCG). [1
Printing control (MUTPCG): |SoNer information (0) j
Damping factor (DAMPPCG) [1
< > Transient damping factor (DAMPPCGT): |1

? Help ‘ ' OK X Cancel ‘

Run the flow model. The happy face indicates that the convergence criteria has
been reached. That means that all that all the fluxes that enter the model are
equal to the ones exiting (water balance).

&, ModelMonitar - m] x
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i 0g
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@ Results >
2
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z 000000000O0OODDOOO0
=
T o2
5
= 04
08
&
-1 T T T T
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Restart model @ Stop model

Import the hydraulic heads to the model (.fhd file). Click to Open.

8 select Model Results to Import — [m]

Head: Period: 2; Step: 7; Total Time: 220903200 A
Head: Period: 2; Step: 8; Total Time: 252460800
Head: Period: 2; Step: 9; Total Time: 284018400
Head: Period: 2; Step: 10; Total Time: 315576000
Head: Period: 2; Step: 11, Total Time: 347133600
Head: Period: 2; Step: 12; Total Time: 378691200
Head: Period: 2; Step: 13; Total Time: 410248800
Head: Period: 2; Step: 14; Total Time: 441806400
Head: Period: 2; Step: 15; Total Time: 473364000
Head: Period: 2; Step: 16; Total Time: 504921600
Head: Period: 2; Step: 17; Total Time: 536479200
Head: Period: 2; Step: 18; Total Time: 568036800
Head: Period: 2; Step: 19; Total Time: 599594400
v|Head: Period: 2; Step: 20; Total Time: 631152000

v

Model Results j Classification Prefix

Display choice

@ Color gnd " Contour grid " Neither
Data used to color or contour grid

Head: Period: 2; Step: 20, Total Time: 631152000 j

Selectall | Deselect all

data sets data sets 7 Help v 0K X Cancel




The result should look like the image:

# ModelMuse: C:\Users\Computer\Documents\Gidanas\Cursos\Course_GroundwaterModellingMODFLOW\Wesk_9\Practice\Models\...
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