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1 Introduction

Strain is a geometrical expression of deformation caused by stress on a physical
body. It is an expression of the relative distortion of the body. Strain can be spilt
into two components, longitudinal strain measuring stretching or compression,
and shear strain measuring transvectional and twisting deformations.

(a) Longitudinal strain (b) Shear strain

Figure 1. Forms of strain

In geology strain can be used as a measurement of how much a rock is de-
formed, and the density of fractures.

The FaultFacies project examines new methods for modeling of fault zones.
Traditionally faults have been modeled as planar objects, but in reality it is a fault
consist of a zone that has been deformed. The original facies can be fractured in
various ways giving radically different petrophysical properties, and new fault
breccias can be generated and cementation can occur inside the fault zone. It is
possible to use strain as a conditional parameter for the modeling of the meta-
morphosis of the facies in the fault zones and the generation of fault facies.

Havana is a software tool for describing faults and their impact on fluid flow
that is developed at Norwegian Computing Center. Havana can be used for sim-
ulation of subseisimc faults, studying flow across faults, and for studies of un-
certainty of faults on volumes. Havana can represent faults with a corresponding
displacement field, and can also handle corner point grids.

2 The parametric fault model

Havana supports fault in several formats, but the main format for large faults
is the parametric fault model (PFM). In this model the faults are represented as
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a fault plane, and a corresponding volume that has been displaced. A displace-
ment vector can be calculated for each point in the faulted volume, and it is also
possible to calculate the inverse displacement vector.

Figure 2. Cross section of a PFM fault

The displacement away from the fault goes as(
1− r

R

)2

D, for r ∈ [0, R], (1)

where R is the reverse drag for the fault, D is the fault displacement, and r is the
distance away from the fault surface. The reverse drag R specifies how far away
from the fault surface the volume is displaced.

The fault is defined by a set of pillars at the fault surface, and the extent of
the faulted volume is defined by another set of pillars on each side of the fault
surface at the distance away from the fault specified by the reverse drag.

3 Calculation of strain

We have an original grid configuration x and a displacement field u defined from
the displacement given by the PFM model. The displaced grid x′ is then given by

x′ = x + u. (2)

The deformation gradient F measures how much the displacement varies inside
the grid and is defined as

F ≡ ∇x′. (3)

In component notation, we have

F i
j ≡ δi

j +
∂ui

∂xj
, (4)

where δi
j is the Kronecker delta

δi
j ≡

{
1 if i = j

0 if i 6= j.
(5)
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Figure 3. The displacement field

The Cauchy deformation tensor is then defined as

Bi
j ≡

∑
k

F kiFkj. (6)

Due to symmetry, this tensor has six independent components.
The strain metric that we calculate is the maximal principal stretch of defor-

mation S defined as

S ≡
√

1

λmin

, (7)

where λmin is the smallest eigenvalue to the Cauchy deformation tensor.

4 Algorithm

The input data for the algorithm is the undeformed corner point grid in ECLIPSE
format, and a set of faults in a PFM format. In the reverse case Havana can first
use the inverse displacement operator on the deformed grid to generate the un-
deformed grid.
The PFM data can be converted from fault data exported from RMS in RPF for-
mat.

1. First we generate a regular grid that encloses the original undeformed grid.
The regular grid is needed since we calculate deformation gradient by nu-
merical derivation.

2. We locate the fault surfaces by looking at where the z-component of the dis-
placement changes sign.

3. For each point in the regular grid we calculate the displacement using the
displacement field that is defined cumulative displacement from a set of PFM
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Figure 4. The workflow
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faults. The order of the faults is specified in the .faultlist file.
4. We calculate the deformation gradient by derivation of the displacement

field numerically.
5. The strain tensor is calculated for each point in the regular grid.
6. We map the invariant of the strain tensor back into the undeformed ECLIPSE

grid. The strain value is mapped into the STRAIN parameter.
7. The undeformed grid is deformed using the IntoEclipse Havana action.

4.1 Calculation of the deformation gradient
The two-way approximation to the derivate is used to calculate derivate.

For a point with indices i, j, and k and with position x =
(
x1

i,j,k, x
2
i,j,k, x

3
i,j,k

)
in

the regular grid and the corresponding displacement u =
(
u1

i,j,k, u
2
i,j,k, u

3
i,j,k

)
, we

calculate the element of the deformation gradient:

F =



1 +
u1

i+1,j,k − u1
i−1,j,k

x1
i+1,j,k − x1

i−1,j,k

u1
i,j+1,k − u1

i,j−1,k

x2
i,j+1,k − x2

i,j−1,k

u1
i,j,k+1 − u1

i,j,k−1

x3
i,j,k+1 − x3

i,j,k−1

u2
i+1,j,k − u2

i−1,j,k

x1
i+1,j,k − x1

i−1,j,k

1 +
u2

i,j+1,k − u2
i,j−1,k

x2
i,j+1,k − x2

i,j−1,k

u2
i,j,k+1 − u2

i,j,k−1

x3
i,j,k+1 − x3

i,j,k−1

u3
i+1,j,k − u3

i−1,j,k

x1
i+1,j,k − x1

i−1,j,k

u3
i,j+1,k − u3

i,j−1,k

x2
i,j+1,k − x2

i,j−1,k

1 +
u3

i,j,k+1 − u3
i,j,k−1

x3
i,j,k+1 − x3

i,j,k−1


(8)

The deformation gradient can only be calculated in continuous volumes. At
discontinuities, e.g. across faults this breaks down. This means that the defor-
mation gradient gets higher for the same model when the grid resolution gets
smaller. If for example xijk and xi−1jk is on one side of the fault while xi+1jk is on
the other, the formula above would give unreasonably high strain value. To mend
this we only use the one-way approximate to calculate the derivate, for example:

F 1
1 = 1 +

u1
i,j,k − u1

i−1,j,k

x1
i,j,k − x1

i−1,j,k

. (9)

5 Examples

Figures 5, 6 and 7 shows strain computed in three grids. The first grid is a single
straight vertical fault. The next example shows three intersecting faults. Figure 7
shows strain computed in a complex case with six normal faults of which 4 faults
intersect.
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Figure 5. Single fault

Figure 6. Three faults
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Figure 7. Complex pattern
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6 Future work

The following future work tasks are suggested:

· Better interpolation of strain values back into the original grid. Instead of just
taking the value of the cell in the regular grid closest to the center of the cell
in the undeformed grid, a weighted average of the strain values for all cells
in the regular grid encompassed by the cell in the undeformed grid could be
used.

· Modify fault displacement field representation of faults that are truncated by
the edge of the grid. In the present implementation we get large strain values
just at the end of the grid, at the edge of the area where the grid displacement
operator is defined.

· The PFM fault does not always define the fault plane properly, resulting in
that some cells are placed on the wrong side of the fault plane.

To prevent this the side of fault should be detected by looking at the grid
geometry instead of side of the PFM fault plane. The side of fault should
then be taken into account when calculating the deformation vectors.

· Presently the deformation gradient of the total displacement field for all the
faults is calculated. In stead it is probably more correct to calculate the strain
for each fault individually, and then aggregate these strains to get the total
strain field.
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A Havana parameter file

Below is an example of a model file computing the strain in a forward modeling
example.

We run two actions in Havana, CalculateStrain and IntoEclipse. See the Ha-
vana manual for details about the commands and parameters.

First we run CalculateStrain. This action takes four commands; INPUT_ECLIPSE
gives the input eclipse file, the undeformed grid. OUTPUT_ECLIPSE gives the
name of the output ECLIPSE file. INPUT_FILES gives the name of the directory
containing the faults in PFM format. GRID_SIZE gives the size of the regular grid
in number of nodes.

Thereafter the IntoEclipse action is run. This action deforms the ECLIPSE grid
according to the displacement field defined for the faults.

ACTION CalculateStrain \

! Reading the Eclipse grid and permeability data:

INPUT_ECLIPSE grids/Input/regular.GRDECL \

! The output grid, with the strain keyword.

OUTPUT_ECLIPSE grids/Output/StrainGrid.GRDECL \

! Faults input directory.

INPUT_FAULTS faults/Simple_PFM \

! Size of grid used for calculations of the strain.

GRID_SIZE 150 100 20 \

ACTION IntoEclipse \

! The input PFM faults.

INPUT_FAULTS faults/Simple_PFM \

! No fault sealing.

NO_FAULTSURFACE_EFFECT \

! The input Eclipse grid.

INPUT_ECLIPSE

grids/Output/StrainGrid.GRDECL \

! The output Eclipse grid and Eclipse faults.
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OUTPUT_ECLIPSE

SPECGRID COORD ZCORN ACTNUM STRAIN

grids/Output/StrainGrid_Faulted.GRDECL ;

FAULTS \

faults/EclipseFaults/eclipseFaults.dat \
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