Boundary conditions and parameters
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Transport processes

Advektion




Advection

! transport with groundwater flow
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advectiv flux = particle velocity * concentration

ca

Ji =u€

1

depends on the average particle velocity
! of groundwater (distance velocity)

average particle velocity (distance velocity) -

Darcy velocity / effective porosity
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particle velocity darcy velocity




Transport processes

Diffusion
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pirmrusion

flux from higher to lower concentration

A

depends on:

- soil characteristics
- gradient of concentration

A

depends not on:

- groundwater flow !
- direction

<
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flux = diffusion coefficient * (- gradient of concentration)
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Dispersion
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Aakroskopic Dispersion because of mikroskopic Heterogenity

Homogenisation

Source of Kontamination

Konzentration
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Hydromechanical Dispersion

Spreading of the transported substance due to the way around the grains and heterogenity
of permeability in all scales
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advektion

» dispersion

Transport

= diffusion

dc dc _ 0 dey _ % _
(HSW Q)E T oV, aXi aXi(HSW Q(Dij + Dmof 6ij) an) - q(c C)
storage advektion dispersion & diffusion source
_ 9,
coupled o(c) = 0 t+ e © or PHREEQC-2
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INonKonservalive lransSport Frocesses

Desorption V

Ab-/ Adsorption

e ®

® ¢ Biological Decay

Bakterie

adioaktive Decay C
Hydrogeochemical,
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Tracer Porous Media
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Influence of peclet number

" Pe = 2 \r\

Pew=p




Influence of courant criterion

Co~1
Co~ 80
Ca=800

Coxr ALOO
(o= 3200




Ll LlalleUIL Cl.iUClLlUll. b}’ v UL T o odU Lo Linll

+ streamline upwind

==> solver
+ Superl.U O(n?)
+ PCG method O(n3/4)
preconditioning:

ICC, SSOR, BlockSSOR, AMG

e Multigrid O(n)

==> nonlinearity

* [ eakage condition with limited mass flow rates

s Saturation

» Density
a SLAarntian —m» Picard iteration



T e v
where

Ay = —diviD grad( ) + q(), (3)
Aq = vgrad(), {63
f=ac . M

The time discretisation resulis in:

28+ 0@, + AMe = — @4 TAT H S ®
where

ettl = o + Ae (9

0 =& =1,

As-a-firststepthe term-4 ¢ is-substituted by 'e”-and equation (8) becomes:

i + GAe = — (A + A" + F. (10

In the second step ‘g is-determined using ‘e’ previously obtained from equation (10)

L% + GA,g = i. (11)

Thefinal solution for the time step n+1-is-given by
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caicuiated pencene piume

Benzeneconcentration in ug/l:

3 100.00 - 1000.00 @ 10000.00 - 20000.00
=3 10600.00 - 5000,00 I 20000.00 - 40000.00
B3 5000.00 - 10000.00 > 40000.00

Calculated bencene plume and measured concentrations
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Multiphase Flow
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Multiphase Flow
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Multiphase Flow
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1. Phase
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Coupeling Condition

with

pC — pC(SW) kl‘,W — kl‘,W(SW) kr,nw — kl’,ﬂW(SW)

Boundary Condition Initial Condition

1. At SY =8 (1)
p¥ =pY({t) auf I CT

S¥(X,¥,2Z,1)) = s”
PYX, ¥, Zty) =P

2. At q'n = Q1)
q""n =g () auf I,CT



Kelative Permeability - Saturation law from Brooks-Corey
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1-dimensional example (Grafik)

h'|=6m

N

e e,

<« [1=2m »« [,=2m »<« [3=2m »

kﬂ = kf2 e kf3 =
10°m/s  107%m/s  10°mIs

1-dimensional Example



General Transport Equation:

O
(05,6) 5+ ((1-n,)6.) S+ (15, )vWe - V(n S, (d, 1+ D)Ve)

=q(c"—c)+q, +(0S,¢)f (©)+((1-n,)5,)f.(c)+ > ¢’

with:

e ¢ = concentration of material in fluid [kg/kg]

e c. = adsorbed concentration of material in matrix [kg/kg]
e ¢'" = jnput concentration of material [kg/kg]

e g. = predetermined in-/output of material [kg/m>/s]

e ¢ = in-/output of material from reactions



General Transport Equation:

(056) % +((1-n,)6.) 75+ (05,6)vVe - Vi S, (d,1+ D)Ve)

=q(c" —c)+q,+(nSg)f @ +((1-n, )5 )fi(c)+ D¢’

Parameters:

e n = discharge-effective porosity of aquifer [-]

e n_, = total porosity of aquifer [-]

e S, = saturation level [-]

e G = density of fluid [kg/m3]

e ( = density of matrix [kg/m?3]

e q = fluid source/depression term

e v = distance velocity [m/s] ; v = v¢/n ; v¢ = filter velocity [m/s]
e d,, = molecular diffusion coefficient [m2/s]

e D = symmetric dispersion tensor [m?2/s]

e f = source/depression term built by production-/reduction-/degradation-

processes of the material in the fluid [kg/kg/s]

f. = source/depression term built by production-/reduction-/degradation-
processes of the adsorber in the fluid/matrix [kg/kg/s]



AASOorption Modaelis

Calculation without adsorption (non-adsorption)
Linear adsorption model (Henry):
K - h . . c, =(k,6,)c
4 = Henry-isotherme of material [m3/kg] s 0
Freundlich-adsorption:

k, = 1st Freundlich-isotherme of material [m3/kg] and Uk
k, = 2nd Freundlich-isotherme of material [-] C, = kl (g OCZ.) ?

Langmuir-adsorption:

k, = 1st Langmuir-isotherme of material [m3/kg] and
k, = 2nd Langmuir-isotherme of material [m3/kg]

¢, =k (goc)/(l +k,6

Individual zone-and material specifications can be defined



Typical runs of isothermal curves
Henry

Henry Isothermen
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Typical runs of isothermal curves

Freundlich

Concentration of matrix [mg/kg]

Freundlich Isotherme
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Typical runs of isothermal curves

Langmuir

Concentration of matrix [mg/kg]
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Conditions

Input 1 mg/1

KNOT 0.01999

SICK 0.00000

BILK 0.00000
Layer Nr. 1 2 3 4
KWER 8.9e-6 3.8e-7 1.5e-6 21e4
[m/s]
PORO 0.04900 0.05200 0.05400 0.21000
DISP 0.08000 0.08000 0.08000 0.08000




None - TRACER

Adsorption parameter:

TRACER
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Examples

X-p-C

C, =

Equation:

%,=0.00003

Henry:

Vertikalnetz

ADSORPTION MACH HENREY

-.m-\-_\‘ll vl..._l.ll.ll...__T.Iu ek
..l.xL
- I...._.[Iill.l_.l.lu
o ilnllu!ll.Hn]llﬁ-nlln![lTLﬂ
. e
” - ——""
| IFIII?
Ty
—IIJI.IJ.._J..-J:

T | T T T T T T T T T
2000

N
T 1 T T T T T T T T
LAt

3-0T: suolj3eljuaduod

t [d] k= TR AT




Examples
Freundlich: 7,=0.0005, x,=1.1 Equation: € =4-(»-C)x

Vertikalnetz

- ADSORPTION NACH FREUNDLICH
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Examples

C =
Langmuir: y,=0.0005, y,=1.1 Equation: =~ 1+x,-pC
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Zone-specified Adsorptionparameters
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Zone-specified Adsorptionparameters
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Zone-specified Adsorptionparameters

ayer Nr. 1 2 3 4

inear %,=0.00013 v,=0.00003 %,=0.00009 %;=0.000002

Vertikalnetz
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