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Main Processes

Transport Biodegradation Geochemistry
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Multi-Layer Model  (Compartments)

Column Experiments
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1 Model for 2 Tasks

Layer A Layer B Layer C

Field-Scale Applications
Zenne Site

Pelhrimov SiteBatch Reactions (only kinetics)

Transport & Reactions along a flow line
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Basic Equation (ADR)

sorption

multi-species model 
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Set of Partial Differential Equations (PDE)
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Operator Splitting
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Cell size  &  Time step

Layer A Layer B Layer C
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Analytical Solution
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c0 =  2 mM

Numerical Test
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2CO2

Degradation Pathways
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Electron Transfer
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Electron Balance
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Biodegradation ODE  (part I)
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Biodegradation ODE  (part II)
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Population Dynamics
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Environmental Factors

Temperature (ARRHENIUS behavior)

pH microorgs prefer pH = 6.5 .. 7.5
but:  production of org. acids, HCl

ORP
Moisture Content
Nutrients C:N:P  =  120:10:1

Inhibiting or Toxic Compounds

( anaerobic / aerobic )
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Enzyme Kinetics  (part I)
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MICHAELIS-MENTEN Kinetics
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Enzyme Inhibition

+

E H EH

+

E 2S ESS

+

E S ESG

+

G

]S[IK
]S[v

1S

max

+ 1
1 K

]H[1I +=

2S

max

I]S[K
]S[v

+ 2
2 K

]S[1I +=

3S

max

I
1

]S[K
]S[v
⋅

+ 3
3 K

]G[1I +=

competitive 
inhibition

self-inhibition
(HALDANE)

non-competitive 
inhibition



Wageningen / January 2006 - 19 -

Enzyme Kinetics  (part II)
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Software   (1st version 0.40)

Online Visualization

User Interface

Data Interpretation

fast C++ code
incl. PhreeqC
high flexibility
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High Flexibility

Clearly arranged  Input / Output structure

number of layers  (compartments) unlimited

number of cells per layer unlimited

number of chemical elements (PhreeqC) unlimited

number of inflow compositions unlimited

Stop-and-Go  (calculation with interrupts)

Open for future extensions
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Input Data   (part I)

µg/LXaerbiomass „aer“ for t=0

focorg. carbon contentent
µg/LXanabiomass „ana“ for t=0

initial solution fot t=0

mαLdispersity
g/cm3ρbbulk density

εporosity
m∆xcell length

Νcell number

NLnumber of layers
inflow solution

m2Across section area
hTend time 

h∆ttime-step width

file: cell.sol

Global Data

Data for each Layer

inp.sol
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Input Data   (part II)

mMcDO    (dissolved oxygen)
mMcCl

mMcETH
mMcCorg (dissolved organic carbon)
mMcDIC   (dissolved inorganic carbon)

mMcother anions:   S(VI), S(-II), N(V), ...
mMcother cations:  Ca, Mg, Na, N(-III), ...

mMccis-DCE
mMcVC

mMcPCE
mMcTCE

peORP
pHpH-value

°Ctemptemperature

file: cell.sol

Aqueous Solution Data
CAH’s

file: inp.sol
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Input Data   (part III)

µmol/µg/dKHi
anaHALDANE coefficint

µmol/µg/dKi
anahalf-velocity coefficient
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anamax. specific dechlor. rate PCE     TCE
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aerhalf-velocity coefficient

µmol/µg/dki
aermax. specific oxid. rate

DCE     CO2
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VC        CO2

ETH     CO2

µMKCorgCorg half-velocity coefficient

µMKinhO2 inhibition

d−1kd
ana, kd

aerdeath rate

µg/µmolYana,  Yaeryield

Population Dynamics

27 Kinetic Parameters
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Example Calculations

pure advection A

S
o
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advection + dispersion B

biodegradation with constant inflowC

biodegradation with time-dependent inflowD

biodegradation with population dynamicsE

... other examplesF
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Kinetic Parameter Set (Example)

λ = kiX / KiKHiKiki

31610001.920DCE      VC
1.510001005VC      ETH

18609002.0124TCE    DCE
1203.012PCE    TCE
d-1µMµMµmol/mgP/d

anaerobic

data: Yu & Semprini 2004

0.024d-1kdeath

0.006mgP/µM ClYana

30mgP/LXana

Data in literature varies strongly !
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Demo   (3 Example Configurations)

1 Layer (40 cells)

without  CAH

const
inflow 

with Xana

A B C 

without with CAH without

A B C 

t = 0: 

A

t = 0: 

const
inflow 

3 Layers

no Xana no Xana
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Open Questions

e- donor  Corg : CH2O, CH4 or other ?
fraction of DOC ?

population dynamics:    stationarity ?

aerobic oxidation ?

... and many other questions

role of other oxidants (NO3 etc.)  ?
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WP5 - Next Steps

PC-Program “end version”

WP6 Guidlines

Simulation  Column Tests

Simulation  Zenne & Pelhrimov sites

Statistical Modelling (AUA)

3 month UITD11   Model / Software description
3 month

WP1, WP2, WP3

code updating

Feb 2006
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End of 
presentation.

More Info:  SEDBARCAH project 
Deliverable D11

www.aquac.de/model.html


