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Seminar #

HYDRUS 2D - introduction, setting up the domain, results visualization



Theory repetition 5
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Richards eCIUOﬂOn van Genuchten
1
2 (K@) 2) + = (Ky @) 2)+2 (K, (0) )+ L= 22 in 3D o o e h<0
1 h>0
9 oh 96 |
— — + — = — Mualem
(KW S+ KR))-5 =5

K. (0.)=0."[1-1-6")"T°




Theory repetition
HIllllll N[l
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Advection dispersion eq. as implemented in HYDRUS  sink (flow) Reactions (decay)
)
d0c dps O ( dc ) dgc / f \
+ =— |0D— | — = =S¢, — uyOc — pugps + 7,0 +
9t 9t 9z 9z Jz r— Uy UsPS + Yy TsP

C - solute concentration in liquid phase
s — solute concentration on solid phase

Equilibrium adsorption:

Molecular diffusion coef. - Long. dispersivity (input]

\
Dispersion coefficient D =Dyt + klvl\ s = kgcP/(1 + ncP)

Tortuosity factor ~ Mean pore velocity Distribution coeff.
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Discretization in 1D

Real domain:
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Discretization in 1D

Top boundary node

) <— Node
1D domain:

Element

Boftom boundary node
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Discretization in 1D

Top boundary node

SPACE:
«— Node

Element

TIME:

I 1 I | I I I I [ I | IJr
t At d
O\ At At A’rmox\ - Bottom boundary node
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Discretization in 1D - calculation matrix

Top boundary node

Ll e e

Element
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Discretization in 1D - calculation matrix

e BB e

Element
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Discretization in 1D - calculation matrix
Print times Top boundary node
Initial conditions @
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Element
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Discretization in 1D - calculation matrix

Print times

P

Initial conditions /

B

Observation points

—_—

Top boundary node

«—— Node

Element
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Discretization in 2D

boundary node
boundary element \ . rooft zone (sink|

element

node
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Discretization in 1D - results
A//Prmiiinesv
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Initial conditions

Richards eq.: ADE:
Matric potential / water content distribution Initial solute concentration distribution
h,=-400 cm -/

c,;=0 mmol
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Boundary conditions - Repetition

Water Flow Boundary Conditions 4

— Upper Boundary Condition

&+ Constant Pressure Head Known WOTer Ponded IﬂfI|TI’OTIOﬂ

I .
 Constant Flu Corcel | level in a stream o h
" atmozpheric BC with Surface Layer . H

" atmozpherc BC with Suface Fun Of ﬂl _—-

" Wariable Pressure Head Mext |
™ “ariable Pressure Head/Flus Hels |

™ Triggered lmigation

— Lower Boundary Condition

{* Constant Pressure Head @ In Pressure Heads

™ |n water Contents

"mitial Condition

oniskant Flus

™ “ariable Pressure Head

€ Vaiible Fluy ! Ground water level
™ Free Drainage
e.g.h=0cm

™ Deep Drainage e —
™ Seepage Face: h = -

" Horizontal Draing
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Boundary conditions

Water Flow Boundary Conditions 4

~ Upper Boundary Condil e :
& Constas Prasus Hoad Known water Ponded infiltration

~ Constant Flus Corcel_| level in a stream 5 h
" atmozpheric BC with Surface Layer .

" atmozpherc BC with Suface Fun Of ﬂl
" Wariable Pressure Head Mext |
N

™ “ariable Pressure Head/Flus Hels |

™ Triggered lmigation

— Lower Boundary Condition

* Constant Pressure Head @ In Pressure Heads

"mitial Condition

™ Constant Flus " In'water Contents GI’OUhd WOTer |e\/e|
™ “ariable Pressure Head I e.g. h = O - ]O cm
W ariable Flux 1

™ Free Drainage

™ Deep Drainage
™ Seepage Face; h =

" Horizontal Draing
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Boundary conditions

. Irrigation, sprinkling,
Water Flow Boundary Conditions b4 eVOporGTion rain q q
N
\

— Upper Boundary Condition

% Constant Pressure Head
" Corstant Flus Cerel |
ME Laper .

" atmozpherc BC with Suface Fun Of ﬂl
" Yariable Pressure Head Mext |
" Wariahle Pressure HeadFlus Hels |
—

Triggered lrigation

— Lower Boundary Condition
& |n Pressure Heads
™ |n water Contents

* Constant Pressure Head
{" Constant Flus

"mitial Condition

Y ariable Prezzure Head
™ “ariable Flux
™ Free Drainage

|
™ Deep Drainage

™ Seepage Face; h = |mpermeob|e IOyer (bedrOCk)
" Horizontal Draing g-= 0 Cm/d
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Boundary conditions

Rainfall + evaporation
(with variable intensity)

Water Flow Boundary Conditions 4
— Upper Boundary Condition e © © & © e © © .
% Constant Pressure Head e 0o © © 0 o0 ° Water, which cannot
" Constant Flux Carcel | : e o 8 o 0|0 00O infiltrate, leaves the
[ .ﬁ.tmnsaheric BC with Surface LaHer . W.Oll.er' WhICh (?ClnnOT q Sys.l.em as a Surfcce runOff
" atmozpherc BC with Suface Fun Of ﬂl IanHrOTe: STCIYS IN
" Wariable Prezsure Head Hext | depressions and will
" ariable Pressure HeadFlus Help | inﬁ”’ra‘l‘e |O1'er
™ Triggered lmigation

— Lower Boundary Condition
& |n Pressure Heads
™ |n water Contents

% Constant Pressure Head
" Constant Flus

" Wariable Pressure Head
" Wariahle Flus

" Free Drainage

™ Seepage Face; h =

"mitial Condition

" Horizontal Draing

: Unit gradient — water continuous
to flow into “an infinite” soil profile
below
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Boundary conditions

Water Flow Boundary Conditions 4 |n_|_erfoce befween SO“
— Upper Boundary Condition

' Congtant Pressure Head a nd OTmOSphere
" Constant Flus Cancel |

" atmozpheric BC with Surface Layer .

" atmozpherc BC with Suface Fun Of ﬂl
" Wariable Pressure Head Mext |
™ “ariable Pressure Head/Flus Hels |

™ Triggered lmigation

Lab sall
sample

— Lower Boundary Condition
& |n Pressure Heads
™ |n water Contents

* Constant Pressure Head
™ Constant Flus

"mitial Condition

2 0 0 0 0 @
" ariable Pressure Head e 0 0 0 0 o
" ariable Flux © 0 0 0 o
™ Free Drainage

 Deep Drainage Groundwater seepage Tile drain

™ Seepage Face; h =

" Horizontal Draing
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1iliiiiiiiiiiiiiiiiii il
Ditch infilfration with impermeable bottom boundary

S0cm 30 cm

100 cm

100 cm O
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1iliiiiiiiiiiiiiiiiii il
Ditch infilfration with impermeable bottom boundary

The ditch was filled with 8 cm of water.

Initial conditions: pressure O cm at the lowest point of the domain, the
rest in equilibrium

Boundary conditions: no flux — everywhere except the ditch and the

tile drain
Duration: 50 days ! T
Y -~ km
Soils: upper horizon loam, bottom layer sandy loam — w Loam
(use catalogue soil hydraulic properties)
| Sandy loam
100 cm O

500 cm
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Ditch infilfration with impermeable bottom boundary

Transport:

1. Simulate a conservative tracer, dissolved in
infiltrating water for a duration of 1 day, conc. 5
mg/cm?.

2. Consider solute B already located in the
simulated domain (pick a locafion between the

ditch and drainage). ky = 1.1, conc. 10 mg/cm?. om0,
Dispersivity in both directions: 40 cm ]
Topsoil bulk density: 1.28 g/cm3, bottom 1.40 g/cm3 e odam
Print information: select 200 print times with time step i
of 6 hours Sandy loam
Flowing particles: Insert 5 — 15 flowing particles (few O

close to the ditch, rest as you wish) -

500 cm
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Ditch infilfration with impermeable bottom boundary

a/ Observe, how is the domain being filled with
water and how do the solutes propagate.

b/ ldentify locations with the highest velocities. Cwm e
c/ How much water/solutes were infiltfrated and _ w k“"‘“
recovered via the drainage after 10 and 50 o0 Loam
dayse
d/ How much solutes remain in the domain after T Sandy loam
50 dayse o
O

500 cm
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