
TMA4195 - MATHEMATICAL MODELING (FALL 2014).

PROJECT EVALUATIONS.

Group 1 (724047, 723982, 716130, 760029, 715743), Project 2:

You consider an original model with carrying capacity inversely proportional to
nutrient concentration. The assumption that we can pump in nutrients uniformly
implies an access to the reservoir that is not realistic. When setting up a model for
the porosity φ, it would have been natural to check if the equation preserves the
condition that φ remains in [0, 1]. When microbes get attached to the rock, they do
not use nutrients any more but it is then not clear how they will manage to produce
bio-film. In the numerical experiments, it seems that the porosity is ignored.

Nice slides, nice presentation.

grade: 70%

Group 2 (732085, 725310, 727489, 724049, 760009), Project 1 and 2:

You assume a fixed spatial distribution of free and bound receptors and it limits
severely the model from the beginning. When studying stability, you conclude that
the binding reaction is not stable. The reaction is modeled as a simple chemical
reaction of the type A+B −−⇀↽−− C with standard kinetics and it is difficult to admit
that the equilibrium for this standard equation is not stable. For the second project,
you propose a good population model and the equilibrium states are analyzed
correctly. The production rate of bio-film is assumed to be proportional to the
amount of bio-film. I do not understand the heuristics behind this assumption.
When setting up the coupled equations, you should be careful to add the effects to
each other instead of replacing them (as for example, when you derive (53) from
(54) by replacing φt with the expression you had in your bio-film model).

Nice slides, nice presentation.

grade: 75%

Group 3 (729027, 732044, 732097, 732102, 760883), Project 2:

You give a good presentation of the transport equations. I miss an stability analysis
of the equilibrium states of the population model. The assumption that nutrients
can be injected uniformly inside the reservoir is not realistic. The simulation result
you provide for the use of surfactant is surprising as it indicates that surfactants
increases the relative amount of water while the aim of using surfactant is to get
the opposite effect.

Nice slides, nice presentation.

grade: 75%

Group 4 (732067, 475430, 724369, 724039, 732105), Project 1:

Good presentation of the modeling equations. In 2.1.1 you should have introduced
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sub-domains of Ωh to make the argument fully rigorous. The numerical scheme is
well presented. A explicit Euler scheme may however not be appropriate for solv-
ing the reaction equation which is non-linear. You present an interesting model for
clearance. The analytic Markov chain approach is original but lacks some explana-
tion.

Nice slides, ok presentation.

grade: 80%

Group 5 (732107, 724048, 729118, 729603), Project 2:

You study in details the population model with the different equilibrium states. I
wish you had included an analysis of the most relevant point instead of giving a
reference. The separate numerical study of the population model is a good idea.
The transport equations are well set up and again I think it was a good idea to
present a separate numerical study of the modeling of the bio-film.

Nice slides, very nice presentation.

grade: 83%

Group 6 (715735, 724040, 724011, 724005, 697392), Project 1:

The governing equations are nicely derived. However in (9) you assume local mass
conservation for neurotransmitters but it does not hold in a diffusion setting where
neurotransmitters are moving in the domain. It is a good idea to decompose the
domain in two parts but is continuity a sufficient interface condition? In (15), the
reaction term appears as a production term. It is strange as neurotransmitters
would rather disappear in the membrane as they bind themselves with receptors.
You include interesting Monte Carlo simulation with moving fluid but it seems that
no dependence with respect to the kinetic constants is included there.

Very nice slides, very nice presentation. Voted best presentation!

grade: 85%

Group 7 (724275, 699951, 722365, 722397, 705705), Project 2:

The population model is well presented and the equilibrium states and their sta-
bility properties is well studied. You provide a convincing model for the transport
equation by separating the microbial population into a free-moving and a attached
part. The multi-phase case is derived correctly. The numerical simulation are de-
spite your comments convincing. It is not surprising that the oil is produced later
because the bio-film decreases the permeability. However, the amount of water in
the produced oil seems to be less in the case where bio-film is used and this is the
effect which we are aiming for.

Nice slides, nice presentation.

grade: 85%

Group 8 (724021, 724025, 724032, 722288, 724593), Project 2:

Different population models are considered and thoroughly analyzed. You introduce
in a consistent way the attachment process of the microbes to the rock using a
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balance law. The bio-film model is presented and supported by good numerical
simulations. The final numerical simulation of the fully-coupled system with two
injection scenarios are very interesting and conclude nicely the report.

Nice slides, ok presentation but used too much time.

grade: 87%

Group 9 (732064, 732095, 732078, 723818, 723980), Project 1:

You present interesting Monte Carlo simulation but the description lacks details
on the parameters and the geometry you are using. You did a thorough literature
search and found a reference (Master thesis of Henrik Holstad) where a mathemat-
ical model for the given problem is derived. Still, you are expected to explain the
derivation of the equations. In the 1D model, there is a confusion between con-
centration (number per area) and the number of neurotransmitters as the initial
conditions and the introduction of the domain Ωε indicate. In the presentation of
the numerical scheme, nothing is said on the discretization of the equation gov-
erning the state of the receptors (free/bound). The semi-discretized form of the
equation using finite elements is given without introducing the elements that are
used.

Very nice slides, very nice presentation.

grade: 88%

Group 10 (700543, 723983, 754835, 755244, 760020), Project 1:

Nice and thorough derivation of the governing equation using a distance function.
In the governing equation, due to the factor b(x), it seems that receptors release
neurotransmitters in the whole domain. Even if it was not expected for the project,
an important literature work is acknowledged. The numerical simulations are in-
teresting but I miss a description of the numerical methods that have been used.

Nice slides, ok presentation.

grade: 85%

Group 11 (727137, 729834, 732096, 732047), Project 1:

Excellent work. In-depth derivation of the governing equations using a probabilis-
tic approach. Elegant and rigorous reduction of the reaction part to boundary
conditions. The same rigor is shown when computing the equilibrium state and
performing the geometrical reduction. The probabilistic approach which is ex-
tended to integrate a background flow is interesting even if I have some problems
to really understand the scaling done there. It seems that the symmetry observed
in (45) is rather due to the use of a staggered grid than related to the symmetry
of the adjoint operator. The presentation of the numerical scheme is very clear
and well organized. In the part on numerical results, it is a good idea to check the
conservation of the total number of neurotransmitters and your explanation about
the discrepancy you observe is convincing.

Nice slides, nice presentation.

grade: 95%
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Group 12 (729532, 730845, 760063), Project 1:

It seems that you have had problem with managing your time. The setting and the
modeling equations you end with are good. However, I miss details on the deriva-
tion. When studying the equilibrium, you end up with one single equation, (10),
for three unknown. The missing equations are given by the conserved quantities:
The conservation of the total number of neurotransmitters (free and bound) and of
the receptors (free and bound).

Very nice slides, very nice presentation.

grade: 83%


