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Motivation
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Structure of a Base Liner

waste

— drainage layer
plastic sealing liner

— mineral sealing liner

— base liner / geological barrier
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Processes in a Base Liner

temperature vapour saturation soll
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| |

conduction diffusion advection shrinkage
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Conceptual Model (1)

constituents

soil, water, air REV
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soil matrix

matrix water (immobile)
pore water (mobile)

—— pore gas
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Conceptual Model (2)

flow and transport structural alterations

flow model structure model

-
! . --1
¢

considering flow / transport and structural alterations as two se-
parate, decoupled steps
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Flow and Transport Model (1)

flow and
transport conduction
— advection
= diffusion
\ 4
gas phase dissolution water phase
degassing
transfer between - > /air
the phases —
condensation
vapourisation

hermal ener
CLASS, HELMIG, BASTIAN 2002; HELMIG 1997 thermal energy
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Flow and Transport Model (2)

Assumptions:

 local thermal equilibrium
o chemical equilibrium
o stiff skeleton
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Mass Balance Equations

0>, 05" x4 Sa)
K € {w,a} R ot
a € {w, g} storage
. L mol K
formulation for Z div { g, oo o K(gradp, — @mass,ag)}
each component ~ -
advective transport
— 2 balance
equatIOHS . le {DKngzol grad xé{}J

_ diffuswe transport in gas phase
constraints:

Sw+ S, =1 - g =0
~—
Pg = Pw T+ pc(Sw) sink/source
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Balance Equation for Thermal Energy

0 (Za gb@mass,auasa) n 0(1— gb) 0sCs 1’

R ot ot
K € {w,a} storage
a € {w,g} — div (A\pm gradT)

thermal c;nduction
assumption of

local thermal _Z dw{ ~0mass,afo (grad ps — @mass,ag)}

equilibrium _ g
convectlve transport

— 1 balance
KayrK K
equation for the _Z div { Dy, 0mot,ghg M" gradzy |
entire fluid-filled, - —
porous medium thermal transport due to diffusion
_ q" — 0
~—~
sink/source
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Structural Alterations (1)

H
¥

immobilisation / changes in |
mobilisation volume + porosity

|

adaptation of
hydraulic parameters
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Structural Alterations (2)

key points:

e Iinfluence of structural alterations on flow
and transport processes ...

|

1
-+

|

1

1! « ... by means of adapted hydraulic
properties

... using constitutive relationships

rigid soil skeleton
exclusive of crack formation
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Structure Parameter

o swelling / shrinking factor

o (computationally) effective porosity

Vpore
Vo

Peff — —pe

o relative total mass of water

(n +nw +n;“) MY
V

w _
mtot;rel _
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Immobile Matrix Water

m;gn;rel — fS&t-(m‘?(J)t;rel)

100 T T T T T T T T T
80 B ._
S 60 | :
3 B
S 40 | -
20 7
0 | | | | | | | | |
0 100 200 300 400 500
w
.. mtot;rel .
minimum maximum

(MEISSNER, DOBROWOLSKY 2003)
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Shrinking Factor

E = flinear; residu (mfj)t;rel) E = flinear; Schrumpf (m:cu(J)t;rel)

1 | | | |
residual shr.

shrinkage

w 091 .
| @— | |
0.8 l l l l I l l l l
0 100 200 w 300 400 500
mtot;rel
minimum  shrinkage limit maximum

(e.g. BRAUNS, SCHNEIDER, GOTTHEIL 2000)
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Porosity

AR
oooooo

a) ¥ = f(m%ﬂot;rel) b)

0-4 I I I I I I I

Y = flinear (5)

Q. 03F

0.2 | | | | | | | |
0.8 0.9 1
£
minimum maximum
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Permeability

1e+16

k 1e+8

0.25 0.3 0.35 0.4

(e.g. CLAUSER 2003)
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Capillary Pressure

Kref 2
Pref K

pc(Sw) — pc;ref<Sw)
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Coupling Flow + Structural Alterations

flow and transport structural altegations

H
¢

1st step within one time step 2nd step within one time step

e compute flow and e update structure
transport parameters

e« compute mass of water, e compute new state va-
mass of air and energy riables while maintaining

mass and energy conser-
vation and thermodyna-
mic equilibrium
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Model Comparison (1)
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Model Comparison (1

state, property
0.8 m 4
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Model Comparison (2)
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: flow, transport, shrinkage
0.8 |=
i o.ef—
z |
) o4
02 -
oL
1E-12 = = 0.4
8E-13 =l i ooEooE-mEmoooooooooooooooooooooooooooooommoEmon
6E-13 [— ]
p— = - 0.35
NE 4E-13;— K E :
< B 4 <
X 2E-13 |= :0'3
- 0) 025

0 5 0 35 20
time [y]

N
(8]

(28
RIRRARAXNIHES

’o’.*.’:Z:::I:’;.’z' home/sandra/VORTRAG/19e_ WORKSHOP_Freudenstadt_03-2006/comparison_2p2cni-shr_3.tex

MOOOOA
A XX A4

SEER%. Universitat Stuttgart  Institut fir Wasserbau, Lehrstuhl fiir Hydromechanik und Hydrosystemmodellierung %le



Model Calibration and Validation

experiment model

/
AN

system state
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Model Calibration and Validation

experiment model

parametcir/iﬂentification

N

system state

time
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Final Remarks

e model concept that includes — on a phenomenological
basis (rigid porous matrix) — the effects of swelling/shrinking
within a non-isothermal multiphase multicomponent flow
and transport model

o integration of additional constitutive relationships into
existing model

« application example shows reasonable results
o comparison with experimental data in preparation

o parameter-identification strategy requires further develop-
ment
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