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Governing Equations

OpenGeoSys
If you can only remember one equation, then the Reynolds Transport Theorem.
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Advection — Dispersion/Diffusion — Equation (ADE)
Or, you can remember a story.

Net influx of W into Net rate of W

Rate of accumulation
for unknown W = the volume Q + production
within the through its within the
volume Q surface S volume Q
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Advection Diff./Disp. Equation
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If write Eq. 1 in derivative form,
Because of the Gauss Divergence Theorem. ()U
= v(®) + Q\
( I Source / Sink

w w
(I) : "LSY = v : (I) fﬂ’] Our primary unknown is Mass Our flux is composed of:
a0 01 U =n,CdA 1) Advective flux
2) Diff./ Disp. flux

Advection ( Mass takes a free ride)

OpenGeoSys Governing Equations
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¥ T Eective porosity

So, our Eq. 0 becomes.
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Velocity of a conservative tracer.
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Exercise 0.1:

Effective Porosity = 0.3

Cross Section Area:
0.001 m2

NaCl=0.1M /\ Q=0.003 m3/day

If only considers advection, how far does the CI- go? Please draw it.

Conc. over Space Conc. over Time

C

C
X t
Fixed att = 1 day Fixed location at outlet.
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Advection Diff./Disp. Equation
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Dispersion and Diffusion

Dispersion and Diffusion

Diff./ Disp. Flux ( Fick’s 1% Law)
dc’
dx
Faispaiy = =D (C) 30

Faisjaisr = =D 10 Thinkabout:

Why negative sign?

Hydrodynamic Dispersion (Mechanical spreading)

Dy, = agpv; + DY

> Diffusion coefficient
*
+ D

Longitudinal / transverse dispersivity

IJT =

Dispersion

Note: Dispersivity values are often scale dependent!

ayp, = 0.83(logL)*" Xu and Eckstein (1995)
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Dispersion and Diffusion

Diffusion

Diffusion (Molecular spreading)
% Itis orders magnitudes lower than dispersion effect.
> Need to be considered in no-flow conditions.
» Note: Temperature dependent.
» Use it with caution (e.g. charges in mineral structure)
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@ solute
Sslute tranmpert ia from the keft s the right:
marvement uf the sebifes is due 1 The cancentration
gradient (4C.'dx)

Diffusion

T of b i s i o i o s, et

Li Yuan Hui, Sandra Gregory (1974) Diffusion of ons in
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Dispersion and Diffusion

Governing Equation with only dispersion / diffusion,
ﬂ' _ fia
i dhr?
Analytical solution (Crank 1956)
Lo
— . Clzt)=Cy u'fr'{zv’_.m_
crfe(B) =1 -erf(B)
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The Advection - Dispersion / Diffusion equation,

Complementary Error function

Use a checking table,
Orin Excel and other soft, it is provided.

Clrf)= = | gnuumm
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Exercise 0.2:

Dispersion and Diffusion

Effective Porosity = 0.3
—>

Cross Section Area:
0.001 m2

/\ Q=0.003 m3/day

C/Co
/ to t t
A point source
0 X
Conc. over space at t1=1d and t2=2d
EE RS n t
A continuous source
X
0
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OpenGeoSys OpenGeoSys Sorption and Decay

Henry C" = KpC
Freundlich = K,ch
Sorption Isotherms and Decay
. _ _K.C
angmuir =TT rC
1st-order decay e -AC
at

OpenGeoSys Sorption and Decay OpenGeoSys Sorption and Decay

Quick Question 1: What could be the unit of Henry sorption coefficient? From KD to retardation factor.
A) mL/L;
B) mg/L;
C) mt/kg;
D) g/g (-);
E) m3/kg;

What is the unit of retardation factor?
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Exercise 3:

Effective Porosity = 0.3
—>

Cross Section Area:
0.001 m2

Quick Question 2: How can you quickly get A values by the half life?
Try I-131,  half life = 8.0197 days NaCl=01 M’

and Cs-137, half life = 30.17 years ’< S /\ Q=0.003 m3/day
1.0m
(1) Soil grain density is 2000 kg/m3, Kd = 2.0 mL/g, how much is the retardation factor R?

(2) What if there is a 1** order decay on the transported contaminant with (A= 0.7 1/day)

1.0
C/Co
0 ? X ?
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