Transport uniklého kontaminantu ze skladky do

reky
Simulujte transport kontaminantu do pfilehlé feky. Kontaminant o koncentraci 1 mmol/cm2 se $ifil do pldy po dobu 100
dna kvali zavadé na drendini trubce. Zavada byla odstranéna po 100 dnech. Nicméné i po odstranéni zavady zUstal

kontaminant v pudé. Vasim ukolem je urcit jak se kontaminant $ifi v ptidé, kdy se zacne vyskytovat t fece a kdy do reky
dorazi maximalni koncentrace.

Urcete, kdy dorazi kontaminant do feky pfi riznych hodnotach disperze.
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Stavba modelu a vytvoreni zakladni tlakové pocatecni podminky
1) New project: ZaloZte novy projekt.

2) Domain Type and Units

Domain Type and Units X

Type of Geometry

(D20 - simple
@ 2D - General

General 2D domain defined by oK
boundary curves.
Cancel
Help
O 3D - Simple
(03D - Layered
O 3D - General

2D-Domain Options

O 2D - Horizontal Plane XY
(@) 2D - Vertical Plane XZ

(0 2D - Axisymmetrical Vertical Flows

Units Model Precision and Resolution
Length:lcm ~ ‘ DP: |2 Epsilon = 0.00714 | [em]

Standard (recommended)
Edit Properties on Geometric Objects

Edit domain properties, initial and boundary conditions on geometric objects

Initial Workspace

X
Max: 5000.00 1000.00

[ set view Stretching Factors Automatically

D Display Workspace Outline

Previous...

3) Main processes

Main Processes and add-on Modules e

Simulate oK

Water Flow Cancel

[]pual-Permeability Model Help

Dgolute Transport

Standard Solute Transport
Wetland

CwW2D

CwmMl
Major Ion Chemistry (Unsatchem)
Colloid-Facilitated Solute Transport
HP2 (Hydrus + Phreeqc)

Dﬂeat Transport

[ ]Root Water Uptake Root Growth

[ JInverse Solution

Slope Stability Analysis: [ ] Slope Classic
[ slope Cube A

Required Add-on Modules:

Previous ...




4) Time information

Time Information X
Time Units Time Discretization oK
() Seconds Initial Time [day]: 0 Cancel
() Minutes Final Time [day]: 104 Help
() Hours Initial Time Step [day]: 0.0001
(@ Days Minimum Time Step [day]: 1e-005
() Years Maximum Time Step [day]: 5

Boundary Conditions

[ ] Time-Variable Boundary Conditions

Mumber of Time-Variable Boundary Records: 0
Mumber of times to repeat the same set of BC records: 1 ]
Frevious...
5) Output Infrmation
® | Qutput Information X
Frint Options Frint Times 0K
T-Level Information .
. Count: 7] t[days] Cancel
[ ]Interval Output Update 2 2 Help
0 3 10
Default 4 25
Screen Dutput 5 50
Press Enter at the End LER [ 100
Subregions for Mass Balances
Mumber of Subregions: |1
Previous...




6) Flow parameters

B | Water Flow Parameters

X
Material Properties for Water Flow
Mumber of Materials: Update Model: van Genuchten [1980] - Mualem [1976] Cancel
Mat Name Qr[] Qs[] Alpha [1/cm] n[] Ks [cm/fday] 1 Help
1 Material 1 0.078 0.43 0.036 1.56 24.96 0.5
Soil Catalog | Loam ~ Neural Network Prediction [ ]Temperature Dependence RETIIT.
7) Pripravte Grid point Spacing
Tools -> Grid and Work Plane
Grid and Work Plane hed

Work Plane
X
Z
N4 Y
@xz X
Grid Options Grid Type
Shog gnap @Qar‘tesian
[] Show only in the Oeolar
Geometry
madule
N1 N1
2 B
£ . " 3
" e 3 )
1
_} )
— " o
= ) =
W W W W

Default

Grid Origin

Point No: T | |3
o [ o)t

0.00

Mumber of Grid Points

] pynamically according to size of mode

Direction 1:
Direction 2:“] o

Grid Point Spacing

Distance w: 100400 | [em]
Distance h: 20.00 | [em]
Rotation f: 0.0 -5 [°]

Grid Line Spacing Grid Contrast

Number N1: Min Max
Number N2: 1




8) Roztahnéte zobrazeni ve smeru osy x faktorem 5.

View -> View Stretching...

View Stretching

Stretching Factors

Apply

In 1
1 Adjust Factors
Automatically
In 5|
_ _ Mo
[“] Adjust Grid Stretching
9) Geometrie
Importujte a pripravte geometrii
File -> Import -> Import Points from Text File
Create New Object X
Imported points
Mumber of imported points: 10
Mumbering of points starts 1
Object Type Mo.
Foints w 1
ﬁ\ Cancel Help

Soubor s body naleznete na strankach predmétu



10) Geometrie
Pomoci Line-Polyline spojte body 1,2,3,4

Pomoci Spline spojte body 4, 5, 6, 7, 8,9, 10, 1

Pomoci Planar Surface via Boundary vytvoite plochu

11) Mesh — Vypoéetni sit

FE-Mesh Parameters: Target element size: 50 m

Insert mesh refinement: Finite element size: 20 m
Aplikujte na body s z > 0.

Generate Mesh: Generate FE-Mesh



12) Domain Properties
Hydraulické vlastnosti Loam.

VloZte 5 pozodovanych bodu (Je tfeba potreba editova FE-Mesh nikoli Geo Objects)




13) Initial conditions

Oznacte celou sit a vytvorte pocatecni podminku tak, aby na spodnim okraji byl tlak 400 cm a zbytek domény byl
v rovnovaze s tlakem v nejnizsim bodu.

Set Pressure Head IC

Water Flow Initial Condition X
Distribution Values at selected nodes
(") same value for all nodes No. of Selected Nodes : 2935
(@) Hydrostatic Equilibrium from the lowest located nodal point Minimum value : -100
Hydrostatic Equilibrium from the domain top surface Maximum value : 400
(O Linear distribution with depth
(O) Set to Field Capacity QtherOntions

Constant Internal Pressure
T Head Sink/Source
DSIope in X - direction Time-Variable Internal
Slope in Y - direction 0 Pressure Head Sink/Source
- (values in Var. H4)

Time-Variable Internal
Pressure Head Flux Sink/Source

(values in Var. Fl4)

-100

Bottom Pressure Head [em]

———

14) Boundary conditions

Levy okraj — Constant head — tlak 400 cm v rovnovdaze s nejnizsim uzlem.

Constant Pressure Head BC e

Boundary Condition Value

Constant Pressure Head Value: | 400 [cm]

Equilibrium from the lowest located nodal poi

Default oK Cancel

Pravy okraj — Constant head — tlak 190 cm v rovnovaze s nejnizsim uzlem.

Vodni tok — Constant head — zoomujte na vodni tok, oznacte uzly s z < 175, nastavte tlak 80 cm v rovnovaze s nejnizsim
uzlem

Vyronova plocha — Oznacte uzly mezi tokem a z souradnici 300 cm (nalevo od toku) a nastavte okrajovou podminku
Seepage Face.

15) SPUSTTE VYPOCET

Prohlidnéte si tlaky, vlihkosti, a vektory rychlosti jako animaci. Vykopirujte tlaky, vihkosti, a vektory rychlosti v poslednim
Case vypoctu to Wordu.



Vytvoreni tlakové pole pocatecni podminky s Unikem ze skladky
UloZte projekt jako [vas nazev]-2.

1) Importujte initial conditions z projektu predchoziho kroku.
Edit -> Initial conditions -> Import..

Oteviete predchozi projekt

Import Initial Conditions *

Import data from Hydrus-3D project

| C:\Users\1)\ownCloud\Vyuka'\transport\09H2D_plume'pp.h3d3

Select quantities to import

Select all

Unselect All

Select Time Layer

(@) The Last (Final) Time Layer () Time Layer No.: | Time & - 100 days

Identical FE-Meshes Cancel Help

2) Boundary conditions

Vytvorte tlakovou okrajovou podminku h = 0 ne nékolika uzlech, které reprezentuji misto vstupu kontaminant

3) SPUSTTE VYPOCET

Prohlidnéte si tlaky jako animaci. Vykopirujte tlaky v poslednim case vypoctu to Wordu.



Vytvoreni kontaminované oblasti
UloZte projekt jako [vas nazev]-3.

1) Pfidejte modul vypoctu transportni rovnice.

Flow and Transport Properties -> Main Processes and Modules

Main Processes and add-on Modules >

[v]water Flow Ccancel

[ ] bual-Permeability Model

Solute Transport

(@) Standard Solute Transport
OWetIand

cw2D

CWmM1
() Major Ton Chemistry (Unsatchem)
() Colloid-Facilitated Solute Transport
O HF2 (Hydrus + Phreeqc)

[ ]Heat Transport

[ ]Rroot Water Uptake Root Growth

Dlnverse Solution

Slope Stability Analysis: [ ] Slope Classic

[]slope cube ,é

Required Add-on Modules: -
Next ...

Previous ...

2) Nastavte parametry transportu

2) Nastavte parametry transportu
Flow and Transport Properties -> Solute transport -> Transport parameters

Diffusion Coefficient = 3
Disp.L=10
Disp.T=1

3) Nastavte koncentraci na okraji

Flow and Transport Properties -> Solute transport -> Reaction parameters
cBnd2=1

Toto reprezentuje koncentraci 1 mmol/cm3.

4) Nastavte okrajovi podminky transportu

Boundary conditions -> Solute transport

V misté vstupu kontaminantu nalinkujte koncentraci cBnd2 pomoci Third-type okrajové podminky.



[ Project Information
) Geometry
- Flow and Transport Parameters
- Mesh
&) Domain Properties
) Initial Conditions

i iateg Flow
B sobus Trorgore)
1 T-ToFm
£ 2 - No Flux; Default

- Auxiliary Objects
Results

Default

5) SPUSTTE VYPOCET

Prohlidnéte si tlaky, vlhkosti, a koncentraci jako animaci. Vykopirujte tlaky, vlhkosti, a koncentrace v poslednim ¢ase
vypoctu to Wordu. Zapiste do Wordu kolik kontaminantu se dostalo do vypocetni doméné na konci vypoctu (Results —>
Other Information -> Mass balance information -> ConcVol [VM/L3] v poslednim ¢ase).

Modelujte transport kontaminantu smérem k toku
UloZte projekt jako [vas nazev]-4.

1) Modelujte obdobi 100 — 2100 dnti
Flow and Transport Properties -> Time Information

Initial time: 100

Final time: 2100

Initial Time Step: 0.001
Minimum Time Step: 0.00001
Maximum Time Step: 50

Flow and Transport Properties -> Output Information
Print Times: 20
Update — vytvoti se 20 radkl v tabulce pro zadani casu

Default — Tabulka vyplni



2) Initial conditions
Importujte initial conditions z projektu predchoziho kroku.
Edit -> Initial conditions -> Import..

Importujte projekt xxx-3

Import Initial Conditions X

Import data from Hydrus-3D project

| C:\Users\J\ownCloud\Vyuka\transport\09H2D_plume\pp3.h3d3

Select quantities to import

Pressure Head Select All

Unselect All

Select Time Layer

(@) The Last (Final) Time Layer () Time Layer No.: Time 6 - 100 days

[] dentical FE-Meshes ‘ Cancel Help

3) Boundary conditions

Vytvorte tokovou okrajovou podminku q = 0.05 cm/day v uzlech na povrchu mimo vyronovou plochu a vodni tok.

3) SPUSTTE VYPOCET

Prohlidnéte si koncentraci jako animaci. Vykopirujte koncentrace v ¢ase 1000 dn( a v poslednim case vypoctu to Wordu.

Zapiste do Wordu kolik kontaminantu zUstalo ve vypocetni doméné na konci vypoctu (Results —> Other Information ->
Mass balance information -> ConcVol [VM/L3] v poslednim ¢ase).

Zkopirujte prabéh koncentraci v pozorovanych bodech (Results — other information: Observation Points)

Zkopirujte koncentracni toky pres okraje (Results — other information: Solute Fluxes -> All solute fluxes



Analyza promeénnych parametru transportu

Vypocet dosavadniho modelu je nulovy scénaf SO.

Modelujte scénar S1, kde je koeficient podélné disperze 10 vétsi nez ve scénafi SO.

Prohlidnéte si koncentraci jako animaci. Vykopirujte koncentrace v ¢ase 1000 dni a v poslednim ¢ase vypoctu to Wordu.
Zkopirujte prabéh koncentraci v pozorovanych bodech (Results — other information: Observation Points)

Zkopirujte koncentracni toky pres okraje (Results — other information: Solute Fluxes -> All solute fluxes

Modelujte scénar S2, kde je koeficient podélné i pfiéné disperze roven 10 cm2/den (Neredlné).

Prohlidnéte si koncentraci jako animaci. Vykopirujte koncentrace v ¢ase 1000 dni a v poslednim ¢ase vypoctu to Wordu.
Zkopirujte prabéh koncentraci v pozorovanych bodech (Results — other information: Observation Points)

Zkopirujte koncentracni toky pres okraje (Results — other information: Solute Fluxes -> All solute fluxes

Modelujte scénar S3, kde je koeficient podélné i pficné stejné jako p¥i SO, ale kontaminant se sorbuje na padu podle
linealni adsorpcni izotermy.

Nastavte distribuéni koeficient K na 0.6 cm3/g

Flow and Transport Properties -> Solute transport -> Reaction parameters

B | Reaction Parameters for Solute - 1 X
Boundary Conditions oK
cBnd1 cBnd2 cBnd3 cBnd4 cRoot cWell cBnd? cAtm d Cancel
1 0 1 0 0 0 0 0 0 0
Help

Reaction Farameters

Mat Kd Nu Beta Henry SinkL1 SinkS1 SinkG1 SinkL1" SinkS1'
[em™3M]  [cm”3/mmol] H [ [1/day] [1/day] [1/day] [/day] [1/day]
1 0.6 0 1 0 0 0 0 0

Brevious...

Prohlidnéte si koncentraci jako animaci. Vykopirujte koncentrace v ¢ase 1000 dn(i a v poslednim case vypoctu to Wordu.
Zkopirujte prabéh koncentraci v pozorovanych bodech (Results — other information: Observation Points)

Zkopirujte koncentraéni toky pres okraje (Results — other information: Solute Fluxes -> All solute fluxes






