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Outline

G Short motivation for MRMT?

g G Basic diffusion transport models (Fickian, 1st order)
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- G MRMT in more detail (Haggerty, Integro-DE)
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What is MRMT?

A model to describe the transfer process

s . . .
§ between mobile and immobile phases
=
= In a porous medium.
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Where is MRMT used?

Chromatography

Groundwater remediation

Fuel cell

Fracture transport

http://www.bafu.admin.ch/grundwasser/07496/07516/
index.html?lang=de&image=NHzLpZeg7t,Inp6IONTU
04212Z6In1acy4Zn422qZpn02Yuq2Z26gpJCFe4F6gm
ym162bpYbgjKbXpJ6eiKWecm4yfdw--
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Figure 2: Fuel cell stack — a composition of single cells

http://www.uni-magdeburg.de/ivt/svt/studium/pupils/
praktikum/images/08-brennstoffzelle_labor-bild1.jpg
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http://www.leibnizonline.de/images/stories/slideshow/Chormatographie.jpg

Schadstafffahne

http://www.bafu.admin.ch/in_situ_sanierung/04107/04121/04129/
04302/index.html?lang=de&image=NHzLpZeg7t,Inp6I0NTU042I2
Z6In1acy4Zn4Z2qZpn0O2Yuq2Z26gpJCEe39,hGym162bpYbqgjKbNp
KCVm67p
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Mass transfer — Process and Scale dependance

1) Mineral types
2) Coating of particles
s 3) Macro- / Micro-porosity
g— 4) Low permeability material
s T
g 5) Variations on K > multiple rates of mass transfer
g_ 6) Organic material
2’; 7) Chemistry _

The small scale, influences the larger-scale transport!
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.8 What is the challenge across scales!

1) Concentration history 2) Mass transfer
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Everything is about the Advection-Dispersion-Equ.
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Fick‘sche Diffusions Gleichung

Oc 0 [ Oc
) R —*= =) -
SR, %= D0, ) 2
g Boundary Conditions:
2 ¢ (x,0,6=0]=0
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Geometry and block size

e NUPUS

Table 1 Definition of L,,, o,, and a,,, depending on matrix geo-

metry
, 1—¢
Shape® L, = & ty an
{TH!
§ 2n—-1)=
Slab — 2
abs > >
R u 1
'ylinders® — — —
Cylinders 2 > 2
R nir 2
Sph — — -
pheres 3 3 3
RI—R? 2
V . C & I L
eins R, el RcnsT)
First order — 1 1

* L,, depends on geometry: s the distance between fractures for
slabs, R the radius of the cylinder or sphere, R; and R, the
inside and outside radii of veins

" u, are the roots of J,(u,)=0

“u, are the roots of Y,(Ru,)J,(R.u,)=J,(Ru,)Y,(R.u,) and

Co =Jo(Ritt,) 1 (Rou,) = Yo( R, ) Y1 (R.u,,)
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Everything is about the Advection-Dispersion-Equ.
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"8 Multi-Rate Model

(b) Multi-rate model

S
E Contaminated
Water

>
Q.
=
@
) * Mass transfer relationship with a distribution of rate coefficients
S coupled to an adevective-dispersive transport model.
= * Need to account for MORE THAN ONE transfer process
=
Q.
® B NUDUS Mehrskalen & Upscaling SS 2011

o000 enrskaien scalin y

52 » e upocaing R. Enzenhoefer 13/16



niversity of Stuttgart

Oc f
- f(cf)
s d(c .
§ ( m)+aj[cf—(cm)].], j=L2,....N
S ot
Q.
= — | . .
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- Alpha and beta has a single distribution

- 1) Statistically based
- Pdf, uniform distribution (physical / statistical interpretation)

- 2) physically based

3
§ - Direct relation to diffusion
=) - E.g., through Laboratory studies — rate of diffusion
% - Alpha is the key parameter to turn the MRMT to a diffusion
0 .
G model (spheres, cylinders, layers)
5
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Integro — Differential Formulation

* Discretization of mobile / immobile phase not necessary
- F, is a convolution product of a memory function x dc, /ot

§ o,mr, %= o, E
: ot 0N on
-
S Boundary Conditions:
(7))
- c,(xn,6=0)=0
2' Cm(X,UZOJ):Cf(Xat) at I'm(1720)
Cm(an :nmax’t) :O
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Geometry and block size
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* L,, depends on geometry: s the distance between fractures for
slabs, R the radius of the cylinder or sphere, R; and R, the
inside and outside radii of veins

" u, are the roots of J,(u,)=0
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Asymptotic Approxination

Time
g
g
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S Early Time Late Time
& (e.g., fast tracer tests) (e.g., remediation)
£ \'4
=+
Q.
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s Discussion ...
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m 1) Wie ist der Zusammenhang zwischen IDE und Haggerty?
5
& 2) Welchen Vorteil bringt die IDE?
£
3) Was muss man sich physikalisch unter ¢,, #,,... vorstellen?
Q
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