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Statement of the problem

Motivation

Knowledge of the uid pressure in rok layers is impor-

tant for an oil ompany to predit the presene of oil

and gas in reservoirs.

Mathematial model

The uid pressures are desribed by a time-dependent

3 dimensional di�usion equation, based on onservation

of mass and Dary's law.

Numerial method

The Finite Element Method and the Euler Bakward

method are used. In eah time-step a large, sparse lin-

ear system has to be solved.

Iterative solution method

A preonditioned Conjugate Gradient method is used.

Due to large ontrasts in permeability the extreme eigen-

values di�er orders of magnitude. This leads to slow on-

vergene of ig and onventional termination riteria

are no longer reliable.
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Deated ig
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Results of ig
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Constrution of the projetion vetors (1)
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Constrution of the projetion vetors (2)

Example with k
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Constrution of the projetion vetors (3)

Number of small eigenvalues

The spetrum of the IC preonditioned matrix ontains

k

s

small eigenvalues (O(10
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ers).
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Constrution of the projetion vetors (4)

Example with k

s

= 2; k

h

= 3, and k = 5
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Sensitivity of dig (1)

High permeable layers

dig is sensitive with respet to perturbations of the

projetion vetors in the high permeable layers.

Low permeable layers

The sensitivity is investigated by numerial experiments.

As a test example we onsider a two-dimensional prob-

lem with 4 horizontal sandstone layers separated by 3

horizontal shale layers. We add a random vetor with

omponents less than Æ=2, to the non-onstant parts of

the projetion vetors.

Æ 0 10
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Number of iterations (n) before (d)ig reahes the

required auray (10

�4

)
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Sensitivity of dig (2)
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An oil ow problem (1)
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An oil ow problem (2)

A 3D problem proposed by Shell onsists of four layers.

The permeabilities in eah layer are hosen onstant.

There is only one free sand layer, hene there is only

one 'small' eigenvalue. The onvergene of ig and

dig is given below.
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A groundwater ow problem (1)

The pressure in groundwater satis�es the equation:

�r � (Aru) = F; (2)

where the oeÆients and geometry of the problem are:
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A groundwater ow problem (2)

The low permeable layer (A = 10

�5

) and the jump in

permeabilities between the two sand setions lead to a

'small' eigenvalue. Therefore we apply dig where the

projetion vetor is 1 in the entral setion and 0 on the

outer boundary and satis�es (2) in the other setions.

The onvergene of ig and dig is given below.
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Conlusions

dig

The presented onstrution of the projetion vetors lead

to a very eÆient digmethod for the solution of om-

pliated three-dimensional problems with large jumps in

the oeÆients.

Stability

dig is stable with respet to perturbations of the non-

onstant parts of the projetion vetors.
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