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Of course, a real underground structure of a disposal site is

much more complex…
This is just ONE base of an underground disposal site

� Red = Barriers
Green = solid salt
Blue = crushed salt
Black = Disposal cavern
Grey = Excavation-disturbed zone

� Up to 15 bases possible
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CoupledCoupled ProcessesProcesses in Geotech Systemsin Geotech Systems



ConceptConcept of of CoupledCoupled ProcessesProcesses
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Disposal chamber for waste
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Thermodynamic Modelling

That is, what a safe disposal site looks like!



Many caverns form one system…



Interaction Waste - Solution
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SIT -
Single Ion 
Interaction Theory

Pitzer-Modell

� Approaches considering specific ionic iteractions …

Modells for the calculation of activity coefficients

� Debye-Hückel (1923): purely electrostatic interactions

� Extensions to the DH-equation…



Porosity/Permeability change

� Material microstructure 
� Dissolution/precipitation (C)

� Deformation (M,T)

� Swelling (bentonite)

� Permeability  k=k(n)



PorosityPorosity –– permeabilitypermeability relationshiprelationship

(Clauser 2003)



Geochemical Geochemical processesprocesses

(Sonnenthal et al 2005)
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GoverningGoverning EquationsEquations

n x conservative Transport
Chemical reactions with

PHREEQC, ChemApp or GEMS-PSI

i=1, 2,...,n

Saturated



GoverningGoverning EquationsEquations

(Suarez & Simunek, 1996)

Unsaturated



Geochemical simulators

GeoSys/RockFlow

CHEMAPP

PHREEQC

GEMS-PSI



RockFLow/GeoSys+ChemAppRockFLow/GeoSys+ChemApp

Old time step

New time step

Transport

Reaction

i=1, 2,...,n

ChemApp



Object-Orientation:Multifield Problems
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High Performance Computing
Parallel Computing

Visualization

ParallelizationParallelization

In cooperation with HLRS Stuttgart



Verification example: Comparison with 1D PHREEQC

1D Transport and Cation exchange (Example 11, PHREEQC – User Instructions)

Flushing a 1D column with CaCl2. 

Initial pore water: Na, K

Exchange: Ca-X2, Na-X, K-X

Ca = 6.0x10

Cl = 1.2x10

- 4

- 3

1 m/d

D = 0.002 m, n = 1.0,  t=0.24 d C in mol/l

0.08 m

Cout

Ca = 0
Cl  = 0
K   = 2.0x10
Na = 1.0x10

-4

-3

Ca-X2 = 0
Na-X   =  5.493x10
K-X     =  5.507x10

-4

-4

Verification Benchmark
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Cause of Database DifferenceCause of Database Difference

Example: Thermal Conductivity λλλλ of Liquid Toluene at 25oC

publication year (DDBST, 2006)



1D Benchmark

0.0002M calcite0.001M MgCl2

Verification Example

1D Transport and calcite dissolution

Simulated Program

-- MST1D  (by Engesgaard and Kipp 1992)

-- PHT3D  (by Prommer 2002)

-- GeoSys/PHREEQC (by Xie et al 2005)

0.0 0.5m



Simulation results comparison
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Simulation results comparison
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Database Database sensitivitysensitivity analysisanalysis
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Database Database sensitivitysensitivity analysisanalysis
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1D Benchmark

0.001M NaCl

Application Example

1D Transport and UO2(s) dissolution

Simulated Program

-- GeoSys/Rockflow+ChemApp (by Xie et al 2005)

0.0 0.5m
0.01M UO2(s)

0.2 0.3m

Inert porous media



UO2(s) UO2(s) dissolutiondissolution and and transporttransport

Distance (m)

D
is

s
o

lv
e

d
U

(M
)

U
O

2
(s

)
(m

o
l/
k
g

s
o

il
)

0.1 0.2 0.3 0.4 0.5
0

0.005

0.01

0.015

0.02

0.025

0.03

0

0.002

0.004

0.006

0.008
UO2(s)

dissolved U

Initial 



UO2(s) UO2(s) dissolutiondissolution and and transporttransport

Distance (m)

D
is

s
o

lv
e

d
U

(M
)

U
O

2
(s

)
(m

o
l/
k
g

s
o

il
)

0.1 0.2 0.3 0.4 0.5
0

0.005

0.01

0.015

0.02

0.025

0.03

0

0.002

0.004

0.006

0.008
UO2(s)

dissolved U

X
p

H
,
E

h
0.1 0.2 0.3 0.4 0.5

0

1

2

3

4

5

6

7

8

9

pH

Eh

310 sec



UO2(s) UO2(s) dissolutiondissolution and and transporttransport
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UO2(s) UO2(s) dissolutiondissolution and and transporttransport
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UO2(s) UO2(s) dissolutiondissolution and and transporttransport
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Outlook

� Implementation of coupled effect of volumetric changes due to 
chemical reaction on HM-behaviour

� Corrosion of HLW container and gas production

� Performance assessment: Application to real systems

� Paralel computing


