Coupled phenomenon to the
presence of adsorption
double layer:

Counter ions are dissolved in
adsorption water lead to the
excess surface conductivity.
It is important to mention the
increment of conductivity
much lower than it would be
expected from the cation
concentration
adsorption double layer. This
phenomenon resulted by the
relative low mobiliy of ions
within the adsorption bound
layer (Gouy-Chapmann
layer).

Induced polarisation

consequence on hydraulic
properties: depending on the
temperature stop permeability
under a certain fissure aperture
Influence on the mechanical
properties: Without presence
of the movable water
(including subcapillary water
there is arelatively small effect
on the sonic wave propagation.
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The conductivity under constant porosity:
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f (t) ~ quantity which is proportional to the tortuosity

As first approximation f (t) is consered to be proportial to the
following term f(t) ~fa/(fa-2 da) i.e. the crack-opening angle increases

with decreasing the tortuosity. In case of cracks smaller than the

thickness of the adsorption layer, we can state that the smaller the
crack-opening angle is the larger is the tortuosity, at the same time also
higher electrical resistance can be expected.

Electric resistivity and
geomechanical parameters

The resistivity correlates well with
shear modulus because the fracture
aperture and tortuosity having
influence on both parameters very
similar way.. .

In the case of thin fissures,

representing only a small overall
porosity, fissure aperture assumed to
be independent of the fissure density

(geometrical parameters of

the

individual cracks are considered
equivalent), which follows that the
conductivity at fixed fissure aperture
depends only linearly on fissure

density.

Linear dependence of the

conductivity on the fissure density is
consistent with the expected
conductivity, both in case of the tube’s
bundle model of conductivity, and both
the expected conductivity of cracks
with similar thickness, electrically
switched in parallel.

Correlation of fracture density with
some measured and calculated
porosity follower logs

Taking into account that the actual
fissure volume in the fresh, unaltered,
macroscopically porosity-free granite
should be negligible (1%), hence the
calculated porosity based on the
crossplot of nuclear porosity tracking
methods is too large, often over 10%.
Nevertheless, the fissure density
derived from BHTV measurements and
the porosity from nuclear
measurements  (the porosity, from
neutron-porosity and density) in the
fresh granite, free of surface alteration
effects, correlate well. Taking into
account that the correlation of the
neutron with density refers to areal pore
volume ie, to the low fissure volume,
relatively significant increasing effect
on matrix porosity must be assumed. It
follows that where there is a good fit
between the curves, only a pore volume
somehow connected to the fracture
system exists, that is filled with.

This pore-space together with the
real fissure porosity is considered as the
full or total porosity, which includes
both the bound and free pore water.
Prevalent part of the resulting porosity,
in case of the narrow cracks, is likely
filled with bound water, since this
mainly belongs to clayey alteration
related to the cracks, the real fissure
volume is only a small fraction of the
total pore volume. In essence, the
significant decrease in velocity
observed in the degraded zones is
linked to the increase of total pore
space, the mikrocracks and the clayey
alterations.
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Charecterisation of chemical alteration in crystatalline magmatic rocks
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During the clayey alteration of granite, loss of the radioactivity, and the increase neutron-
porosity are inter-related processes, therefore the ratio of these parameters is charecteristic
to the alteration. Thus, for the characterization of alteration coefficient, P=arctg (natural
gamma/neutron) guantity should be used. The P function means that, all points on the
neutron - gamma crossplot can be characterized by a directional vector, avoiding to give
variety with various gamma ray. of different incides to unalterd rock with various gamma
ray. Neutron porosity of unaltered rock is small (lee than 5%), so all the points on the
crossplott representing such a rock fall in the same direction. The alteration rate is
charecterized by the and angle revolution from gammaray axis.

models, are directly supported by the BHTV measurements, with the example of the

practical measurements, and crossplot, respectively.

In the crossplot the electrical resistivity was plotted against fracture density function
coming from BHTYV, respectively. The third parameter of the crosplots is Vp / Vs ratio,

which is plotted with color-code.

Difference between physical parameters, measured on core samples, and well logs
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The difference between measurable geomechanical parameters and well logging parameters increases with the

increasing fracturing and alteration

Fiss. Den. ~ fissure density (fissure/m), Ch.Alt Index, ~ chemical alteration index (arctg(GR/Npor),
N-por ~ Neutron-porosity, SPORRZ ~ sonic porosity according to neutron-porosity-acoustic At crosplott
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At high resistivity a small change of shear modolus cause large change of resistivity, while at low
resistivity the big change of shear modulus means only small change in resistivity. The colours sign the
levels of the altered zone.



