Evolution of a freshwater lens in a coastal area

Variable-density groundwater flow modelling with SEAWAT
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Introduction

Analysis of a homogeneous aquifer with the following geometry: horizontal L=10 km by vertical
D=150 m. The profile is two-dimensional. Discretisation: 100*15 rectangular cells, so Ax=100 m
and Az=10 m. Hydrostatic pressure at the left and right boundary: viz. freshwater head only
increases with depth due to density differences. In the central part of the aquifer, over a length
of 40 cells (4 km) a natural groundwater recharge is taking place at t=0 year, with a rate of 360
mm/year. Initially the salt concentration is equal to 19000 mg CI/I. In the beginning, no
hydrodynamic dispersion is taken into account: Dmo=0 m?/s, cx=arn=arv=0 m, as well as R&=1 (no
retardation). Other soil parameters are: hydraulic conductivity k=20 m/d; porosity ne=0.35 and
anisotropy=kver/knor=0.1. From a solute solver point of view: we use the Finite Difference solver
with a Courant number of 0.75. Convergence criterion is 10® m and numerical time step At=1.0

year.
Parameters

Layers 15 Khor 20 m/d
Rows 1 T (=Knor*thickness cell) 200 m%d
Columns 100 Anisotropy Knor/Kver 10

AX 100 m ne 0.35

Ay Im ol Om

Az 10m aT Om

Stress periods 3 recharge 360 mm/y
Initial concentration 19000 mg CI/I Recharge concentration 0 mg Cl/I
bouyancy 0.025




Exercise 000: making of the model
1. Go to: File, New Model

Name the new model: e.g. ‘fwlens000’
2. Go to: Grid, Mesh Size

# Meodel Grid and Coordinate System >

Model Grid I Coordinate Systam }

Layer (K Dimension)

Murnber of Layers 15

Model Thickness: 150 Model Top Elewvation: |0
|

Raow (I Dimension)

MNurnber of Rows: 1
Model Extent: 1

Calumn {J Dimension)

MNurnber of Colurmns: 100
Model Extent: 10000]

Cross-Sectional Display

Wertical Exaggeration: 30

Load.. | Help ‘ Cancel ‘ OK ‘

LILILTEY

use this view (as we are now in 2D vertical):

3. Goto: Grid, Layer Property
Make all 15 model layers ‘0: Confined’

B8 | ayer Property m} x

Flaws Package: Block Centered Flow (BCF)

Horizontal — |\ertical s Storage Interber &
Layer | Type Arigotrapy | Anizotropy el | Ledienee Coefficient Storage
1) 0: Confined 1 WK Calculated Calculated Calculated -

Make sure that Transmissivity and Leakance are ‘Calculated’ for all model layers
4. Place afixed head in the model at the sea
Go to: Grid, Cell Status, IBOUND (MODFLOW)
Make IBOUNDs in modellayer=1, Row=1, Columns=1-30 and 71-100: -1 (now this cell
has a fixed head)
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Leave Editor, save (so now the value is saved).

Go to: Parameter, Time

Make 15 stress periods
Make the Simulation Time Unit: days
SP1: period length 1E-09 sec, No. of Time Steps 1

SP9-10 period length 9131.25 (this is 25 years), No

. of Time Steps 25

Ok

@ Time Parameters O X
) . ) Ma. af Time | Multiplier Transpart tax. Mo, of b
Paiieel || A || Peiee e Steps [Flow) Stepsize Transport Steps M1
11 = 1E-09 1 1 B0000
2l W 9131.25 25 1 0 50000
i M 9131,25 25 1 0 50000
4 ™ 9131.25 25 1 0 50000
5 ™ 9131.25 25 1 0 50000
6 W 9131.25 25 1 0 50000
I~ 9131.25 25 1 0 50000
8 WM 9131.25 25 1 0 50000
3 W~ 9131.25 25 1 0 50000
10 W 9131.25 25 1 0 50000
11 [l 9131,25 25 1 0 50000
r 11RZAN7FE-NR 1 1 n Rnnnn ¥
K E— 2l
Sirnulation Tirme Unit Sirnulation Type
|days ﬂ @ Steady-State Flow Simulation
[v Auto Update Period Length " Transient Flow Simulation
otal Period Number =11
otal Time Steps = 251
otal Simulation Time = 3,13125E+4 days
Load.. Sawe Az [0];4 ‘ Cancel ‘ Helg

Go to: Parameter, Initial & Prescribed Hydraulic Heads [L]

activate this parameter by adding Om to the cells in the first row where the head is
fixed (IBOUND=-1). Note the values are already Om; it you do not save and activate

this package, it will not be active
Leave Editor, save (so now the value is saved).
Go to: Parameter, Horizontal Hydraulic Conductivity
Go to: Value, Reset Matrix

Setto 25 (in 2D, ‘Apply to the entire model’ or ‘Apply to the current cross section is

the same’)

T3 Reset Matrix

Haorizontal Hydr. Caonductivity [L{T]:
Farameter Murmber []: |

" Apply to the entire maodel

® Applyto the current cross section

OK | Cancel |

Select "Apply ta the entire model" to setthe values to all cells of the model.
Select "Apphy to the current layer” to setthe walues to all cells of the current layer.

Help |

Leave Editor, save




8. Go to: Parameter, Vertical Hydraulic Conductivity
Go to: Value, Reset Matrix
Setto 2.5 (anisotropy k_h/k_v is a factor 10)
T Reset Matrix x
“atical Hydr. Conductivity [LT]: |25|7
Farameter Mumbsr [ lﬂi

Select "Apphy to the entire model" to setthe values to all cells of the model.
Select "Apply to the current layer" to setthe values to all cells of the current layer.

" Apply ta the entire model

@ Apphyto the current cross section oK Cancel | Help |
Leave Editor, save
9. Go to: Parameter, Effective Porosity

Go to: Value, Reset Matrix
Setto 0.35

"}} Reset Matrix s

Effective Porosity [-]: [0.35]

Select "Applyto the entire mode!" to set the value to all cells of the model.
Select "Applyto the current layer" to set the value to all cells of the current layer

" Apply to the entire rodel
® Apply to the current cross section o | el ‘ el ‘
Leave Editor, save

10. Go to Model, MODFLOW (Flow Simulation), Flow Packages, Recharge
Layer: ﬂj Fuorw: A | 4 | Column: o | >|

Go to Colum 31.: i i g
Right mouse, set to 0.001m/d (is 1 mm/day)
Recharge Package %

Recharge Flux [L/T]: [.007]
Layer Indicatar (IRCH): [0
Parametar Nurmber [-]: |0

Recharge Options (applied to entire model)

® Recharge is anly applied to the top grid layer

" “ertical distribution of recharge is specified in IRCH
" Recharge is applied to the highest active cell.

Current Position (Layer, Row, Calumn) = (1.1, 31)
he recharge option is applied to the entire matrix. IRCH is only required, if
he second recharge option is selected.

oK. Cancel Help




%
Copy this value of 0.001 to the cells 32-70 of model layer 1 with J

|* - Layer Ji:iuw ﬂleDIumn: ﬂ_’l
1 0

-1517.205, 388.9737. -5 [ 1.1«
| oot | | i

check value here:
Ok
11. Go to Model, MODFLOW (Flow Simulation), Solvers, PCG2

Just use the default values
Preconditioned Conjugate Gradient Package 2 *

Preconditioning Method
® dodified iIncomplete Cholesky
" Neuman Series Palynomial

v

Relaxation Parameter: |1

Allowed lteration Numbers: Convergence Criteria
Outer lteration (M=ITER): Head Change [L]:

1) oo
Inner lteration (ITER1): Residual [L™3/T]:

30 0o

Frintout From the Solver Damping
® All available information Damping Parameter:
" The number of iterations only
" Nane 1

Frintout Intarval: | 1
oK | Cancel ‘ Help ‘

12. Go to Model, MT3DMS/SEAWAT, Simulation setting

Simulation Settings (MT3DMS/SEAWAT) X
Simulation b ode: |Variable Dengity Flow and Transport with SEAWAT j
Type of Reaction: |Nc- kinectic reaction is simulated ﬂ

Species ] Stoichiometry (MT3039) ] SE&MWAAT

Mumber | Active |Description Density On |DRHODC CRHOREF ~
b1 ¥  [new Species W 25 i =1
i I_ 0 0

= mn

Set Simulation Mode: Variable Density Flow and Transport with SEAWAT
Set Species, Number 1, Active, ‘Chloride concentration mg Cl-/L’, Density ‘On
Set DRHODC=0.001316 (this is the DRHODC term, Equation of State: dp/aC)
as of seawater with a Chloride concentration of 19000 mg CI-/L:
DRHODC=25/19000=, as 1025=1000+0.001316*19000

13. Go to Model, MT3DMS/SEAWAT, Initial Concentration
Go to Value, Reset Matrix: Initial concentration=19000
Leave Editor, save, close

14. Go to Model, MT3DMS/SEAWAT, Advection
Set Finite Difference (FD)



Advection Package (MT3DMS) =

(elalllaTep=ta I P inite Difference Method

Weighting Scheme: ‘Upstream weighting ﬂ

Farticle Tracking Algorithm: ‘Hybmd Tstarder Euler and dth order Runge-Kutta J

Simulation Parameters
Courant number (PERCEL) 0,75

Ok | Cancel ‘ Help ‘

15. Go to Model, MT3DMS/SEAWAT, Dispersion, Edit, Ok
Go to Value, Reset Matrix Longitudinal Dispersivity=0 (m), Ok
Leave Editor, save

16. Go to Model, MT3DMS/SEAWAT, Sink/Source Concentration
Go to: Constant Head Cells, Edit
Go to: Value, Reset Matrix
Set to 19000 (seawater at the constant head cells)

17. Go to Model, MT3DMS/SEAWAT, Sink/Source Concentration
Go to: Recharge, Edit
Go to: Value, Reset Matrix
Set to O (fresh water at the recharge cells)

18. Go to: Model, MT3DMS/SEAWAT, Output Control, Output Times
Set Output frequency=11

E Qutput Contrel (MT3D/MTIDMS) >

Output Terms l Mise. ]

Output Frequency: | 0 Number| Output Time...

Method 1:
--» Type in Output Frequency then Press TAB
--» Specify the Dutput Time(s]

Method 2:
-3 Click an the colurmn header Output Time. ..
- Specify Min, Max output times and interval

QK Cancel Help

Set Output Time...
Output Time X
Minimum= (|0
Maximum= | 82161.25
Interval= | 8218.125

oK Cancel




CHANGE Number=1, Output Time 0 to 0.001!

5 Output Control (MT3D/MT3DMS) X
Output Terms M\sc.l
I
Murnber Output Time
- [ 11
Output Frequency: 7 0.001
2 8218125
3 18436.25
Wethod 1 4 24654,38
—> Type in Output Freguency then Fress TAB 5 326725
—> Specify the Output Timel(s) 5 41090,63
7 489308.75
Method? g Erst
—> Click Pn the column head.erOutput.Tlme... 10 7396313
—» Specify Min, Max outputtimes and interval T 82181.25
OK Cancel Help
19. Run the model
Go to: Model, MT3DMS/SEAWAT, Run
& Run SEAWAT ®
Generate |Description Destination File
I Basic Package chgoetihel?020practicals_2020reshwatar_lensy000bas!
|z Block-Centered Flow (BCFE) chgoetihetz2 020 practicals_2020Yreshwater_lensi000Wbot6
~ Qutput Contral chgoedihelz020practicals_2020Yreshwater_lensy000hoc.d
= Fecharge chgosiihel?0120practicals_2020\reshwater_lensi0004wchE
W Salver- PCG2 chogoetihe\2020practicals_2020\reshwater_lensy000hpoo:
~ Basic Transport Package chgoedihel2020practicals_2020Yreshwater_lensi000mim
= Advection Package chgoeiihel?020practicals_2020reshwater_lensi000ymirm
W Dispersion Package chogoetihel2020practicals_20204reshwater_lensi000mim
I Generalized Conjugate Gradient Solve|cAgoelihe\2020\practicals_20204reshwater_lens\000ymtm
= Sink and Source Mixing Package chgoeiihel?020practicals_2020reshwater_lensi000ymirm
= “Yariahle Density Flow Package chgoetihe\2020practicals_2020\reshwater_lensh000hsw2]

Qptions
| Regenerate allinputfiles
| Generate input files only, don't start SEAWAT

oK Cancel Help

@ CAWINDOWS\system32\cmd exe - o X

Output:
20. Go to: Tools, 2D-Visualization, MT3dMS/SEAWAT, Solute Concentration



& Result Selection X
Select a model and the type of result that vou want to display, then click 0K
MODFLOW | MOC3D | MT3D | PHTaD | RT3D|
Result Type: |Suue Concentration _:_J
Species: | 1: new Species |
0K | cancel | Hew
21. Go to: Options, Environment
Set Visible, Fill Contours
Make for instance red and blue
Contour Levels X
Minimums= |-1
Medrmums= | 19001
Interval= ] 1900|
oK ‘ Cancel ‘
0 Environment Options >
Appearancei Coordinate Systern Caontours ]
v Visible [~ Display contour lines ¥ Fillc
[¥ Orientlabels uphill ¥ Ignare inactive cells
FParameter. | Solute Concentration (MT3DMS); Species:
Label... |Label Height... Label Spac
I 100 1000
v 100 1000
I 100 1000
I 100 1000
I 100 1000
100 1000
M 100 1000
I 100 1000
I 100 1000
v 100 1000
I 100 1000

22. Period 10, Step 25: Time=82181.25
e|[F oju|a] @e B[ mm Ll slpie

[ 7%z tammm | iin Dvewhen JBul_is Sun e ion T2DVS, S cuia-

—




Exercise 001: geometry of the problem and observation points: fwlens001

Check PMWIN input files: heads, time-characteristics, IBOUND, MODFLOW; SEAWAT parameters.

e Run SEAWAT.

e Check the concentration results.

e Place some observation wells at interesting points, to see the change in concentration can be
seen as a function of time.

e Create an EXCEL-figure with the output of the observation wells. How fast has the lens 95%
of its final volume?

Exercise 002: analytical versus numerical solution for steady-state situation: fwlens002
The steady-state analytical solution of the position of the fresh-saline interface is known:

. \/f(o.2552 _x2)
- K1+ o)o

See the lecture notes. Analyse whether or not the analytical and numerical solutions for the
steady-state situation are in comparison with each other.

Exercise 003: effect of dispersion: fwlens003

¢ Simulate dispersion by changing the dispersion from 0.0m to &=1.0 m (‘Models’->’'MT3DMS
/ SEAWAT’->'Dispersion’); use default arv=ar=0.1 m.

e Run SEAWAT.

e Analyse the effect due to the differences; compare visually with the reference case.

Exercise 004: determine the maximum extraction rate without serious upconing of saline

groundwater: fwlens004

e Place in PMWIN/Models/MODFLOW/Flow Packages/Well extraction wells with reasonable
rates. Place three observation points in the extraction wells. Note that the concentration
under the dunes at t=0 years is initially still 19000 mg CI/I.

e Run SEAWAT.

e How much groundwater (approximately, in m3/day/m’) can be extracted without serious
upconing of saline and brackish groundwater (serious means a TDS-concentration>300 mg/I.
Make only a coarse and quick calculation. Try to supply 100.000 people with drinking water
on an island with a length L of 10 km?

e What to do to reduce the upconing (no calculations, just give suggestions)?



