12" International Congress of the Brazilian Geophysical Society

Calculation of the invasion of drilling fluid resistivity profiles with borehole in mod-

els of carbonate reservoirs with varying mineralogical
Mariléa Ribeiro & Abel Carrasquilla, UENF/CCT/LENEP — Macaé, RJ

Copyright 2008, SBGf - Brazilian Geophysical Society

This text was prepared for presentation at the 12" International Congress of the
Brazilian Geophysical Society, Rio de Janeiro, 15 to 18 August 2011. Its content has
been reviewed by the Technical Committee of SBGf, but do not necessarily represent
the opinion of SBGf or his associates. Reproduction of all or part of this material for
commercial purposes without prior written permission of SBGf.

Abstract

It is well known the relationship between geological
properties such as texture of the formations, and the
petrophysical properties of reservoirs. This relationship is
also dependent on the damage caused by the formation
of drilling mud invasion, when the solid particles clog the
porous medium. This invasion can modify the values of
the profiles of the well, which can lead to erroneous esti-
mates of oil saturation and reserves. This phenomenon is
even more crucial in carbonates, where the porous sys-
tem is complex because it can produce various types of
porosity within the same array to intercrystalline, intergra-
nular vuggy, fracture, etc. Moreover, the porosity also has
a direct relationship with the mineralogical composition
and may influence the responses of resistive profiles,
which are commonly used to determine the diameter of
invasion of mud into the reservoir. In this work, we simu-
late the process of breaking into a mud-base oil in a re-
servoir model of three layers, a salt, a carbonate and
other shale. The methodology consisted of mineralogical
variation in the layers, and calculate how this change
affects the profiles of gamma ray and resistivity laterolog
induction and calculating the diameter of invasion. The
results show that under this condition, the profile laterolog
presents more accurate results in calculating the invasion
of the induction profile, given the lack of invasion caused
by an oil-based mud compared to basic water and at its
best record in the vicinity of well.

Introduction

The carbonate reservoirs represent a large share of
oil and gas reserves in the world and therefore has been
studied for a long time. To describe these reservoirs, the
properties of depositional, diagenetic and tectonic rock,
although a genetic origin, may be considered as funda-
mental properties, which include texture, plant, grain size,
mineral composition and sedimentary structures. Other
properties such as porosity, permeability and bulk density
are intrinsically connected with the above. However, a set
of properties of third order is found in the characterization
of carbonate reservoirs, which includes the electrical
resistivity, the velocity of acoustic wave propagation,
natural radioactivity, etc., which depend on the porosity,
fluid content, radioactive content, density, magnetic sus-
ceptibility and the acoustic characteristics. Moreover, the
mineralogical composition refers to the original mineralo-
gy, which has great significance in the study of diagenetic
carbonates and provides important clues about the chem-

ical evolution of the planet. There is, however, a reliable
clue to the origin and flow distribution within the reservoir,
because the carbonates have a wide variety of deposi-
tional environments. It is more practical in the study of this
type of reservoir, replace the grain constituents, like ske-
letons, Peloids, clastic or ooids among others, by the
mineralogical composition (Ahr, 2008).

From the mineralogical point of view, the carbonate
reservoirs are mainly composed of carbonates caused by
biological or biochemical processes, or of organic origin,
although the inorganic precipitation of calcium carbonate
(CaCO3) from marine waters, is also an important pro-
ceedings (Choquette & Pray, 1970). The carbonates
present as essential components mineralogical calcite
and dolomite, occurring in different proportions and pro-
moting the classification of limestones (carbonates>50%),
where there is a predominance of calcite (CaCO3) and
dolomites, where there is a predominance of dolomite
(CaMg(C03)2) (Lucia, 2007). And the associated level
enhancement, can be other carbonates such as siderite
(FeCO3), ankerite (Ca(Mg, Fe, Mn) (CO3) 2), normal
ankerite (Ca2MgFe (CO3)4), magnesite (MgCO3) and
aragonite (CaCO3 - the same chemical composition of
calcite, but with different crystal structure). Besides these
components, there may be impurities such as pyrite,
anhydrite and quartz in their crystalline forms at rates
lower than 5%, partially or completely filling the pore
space (Clyde, 2010).

Moreover, when drilling a carbonate formation, can
occur invasion of mud filtrate, whose magnitude will de-
pend on its porosity / permeability, type of drilling fluid, the
pressure difference between the mud column and train-
ing, the diameter of pit and the exposure time (Figure 1).
This process will result in four different resistivity zones
adjacent to the borehole wall due to this ion exchange
between fluids: plaster, washed, transition and virgin.
Dzuiba (1987) pointed out that the biggest problem of
interpreting a resistivity profile is to understand the profile
of invasion, as the filtered fluid may move the training, but
still exists an unused portion of it.

In our study, as we are simulating the process of
invasion of an oil base drilling mud, it is necessary to
know the composition of the same, which is shown in
Figure 2 (Bourgoyne et. al., 1991).

Methodology

To accomplish this work, we used the model pro-
posed reservoir three layers in the work of Ribeiro et al.
(2008) and Ribeiro & Carrasquilla (2008). The three lay-
ers are 20 m thick, with the first salt, the second layer of
carbonates and finally a layer of shale. In this model,
mineralogical changes are made in layers, mainly in the
carbonate reservoir, to assess how this change may
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influence the profiles of resistivity and thus calculate the
diameter of invasion.

Each layer of the model has the following minera-
logical composition at different concentrations, which are
mostly found in each type of lithology, as follows:

a) layer of salt, which presents in its mineralogical com-
position of halite, anhydrite, silvita, soda ash, gypsum
and bischofita;

b) carbonate reservoir containing calcite, dolomite,
pyrite, aragonite, anhydrite and quartz;

c) layer of shale, containing minerals such as olivine,
mica, pyroxene, biotite, quartz and muscovite.

The percentage of each mineral in each layer may vary
for each simulation or remain constant.

Moreover, we simulate the invasion of these bed-
filtered by an oil base and assume that the shale and salt
intrusion does not occur due to low permeability of both
layers. However, carbonate is only the presence of oil as
fluid formation, causing a raid based on its content and its
saturated porous conditions.

With this model, which is intended to simulate the
invasion process that occurs between the drilling mud-
base oil present in the well, washed the area and the
virgin zone. By varying the mineral composition with the
effect of fluid displacement in the transition zone where
the mud filtrate resistivity (Rmr) changes the value of the
resistivity of the transition zone (Rx,) and the virgin zone
(Ry), it is intended observe the influence on the profiles of
resistivity and gamma ray (GR), and with them, when
measuring the diameter of invasion. Still, such a variation
can influence the boundary layer profiles measured in
another layer. Finally, to make the records of each zone
resistivity and invasion profiles simulate the induction
(ILm and ILd measurements in medium and deep depths)
and laterolog (Rxo, LLs and LLd, measurements at shal-
low depths, medium and deep), and invasion calculated
as an additional profile in the last track, the second
process developed by Ribeiro (2007). All calculations of
this work were performed in MATLAB computing platform
(2010).

Results

In the first case considered in this work, the carbo-
nate reservoir was found containing a percentage of 35%
hydrocarbons, 8% water, no gas, pyrite and other impuri-
ties included as percentages distributed among the rock
forming minerals, according to Table 1. The simulation
results are shown in Figure 3, where the profile shows
high GR values in shale (70°APlI), low values in the car-
bonates (5°API) and intermediate values in salt (25°API).
The profile shows resistive induction, respectively, figures
for 2000, 1000 and 20 ohm.m for salt, carbonate and
shale with the profile ILd; 2000 figures, around 100 and
20 ohm.m for the profiles Ry, and ILm. That is, there is
little difference between these two profiles in the carbo-
nates, which shows that there is a reasonable intrusion
into the reservoir with a depth of around 1.7 m (calculated
by the polynomial Ribeiro, 2007), with the estimated in-
duction above the theoretical invasion of 1.5 m calculated
with the formula Crain (1986). By its composition, the
drilling mud base oil is less resistive than oil in this forma-
tion, with diesel this litle mud invades the formation and

invasion occurs more because of the water at the base of
the mud. Thus, he has a lower resistivity in the transition
zone and the relationship of resistivity values for the in-
duction tool is ILm<Ry<ILd.

The same model of Table 1 was used in a simula-
tion with the profile laterolog. Since there is no mineralog-
ical variations, there is, in this case, changes in GR pro-
file, only the resistivity profile. Thus, the laterolog show,
respectively, values of 300, 170 and 20 ohm m for salt,
carbonate and shale with the profile LLd, significantly
decreasing these values in relation to the induction of the
previous model. For profiles ILm and Rxo resistivity val-
ues are 300, 50 and 20 ohm.m in salt, carbonate and
shale, respectively, also showing a decrease in the first
values in relation to the results of induction. As there is
little difference between the profiles ILm and Ry, in carbo-
nates, it shows that there is a reasonable intrusion into
the reservoir with a depth of around 1.5 m, with an esti-
mate of laterolog equal to the invasion theory. Exist, also
in this case, a lower resistivity in the transition zone, the
relationship of resistivity values for the tool will laterolog
LLs<Ryo<LLd.

For the model of Table 2, there are variations in the
percentage of some of the minerals present in each layer
over the first model. In this case, the tank has 35% oil, no
gas, 5% water, the same percentage of pyrite and other
impurity percentages distributed among the other miner-
als. As shown in the same table, there are also small
variations in the mineralogical composition earlier in adja-
cent layers. The simulation results are shown in Figure 5,
noting a decrease in GR profile in salt, an increase in the
shale and the same values in carbonates. The decrease
in salt is due to the increase in soda ash (Na,COs) and
the slight decrease in sylvite (KCI). In the case of shale,
the increase is due to the increase of mica (silicates K).
The resistivity profile shows laterolog the same values as
in Figure 4 for the first model, and the same estimate of
the depth of invasion, showing that there is a dependency
of the resistivity profile with the mineral composition of the
training but with the fluids present in the porous.

Conclusions

These results show that the resistivity profiles do
not differ significantly with the variation of mineralogical
composition in the simulation of the invasion process, but
a carbonate reservoir with fluid present in the porous
medium. The differences in the profiles and resistive
induction laterolog are more related to the filtrate invasion
of drilling mud-base oil achieves greater depth and with
the research profile in relation to the induction laterolog.
This explains why, despite the mud being base-oil, diesel
oil and little of it penetrates your filtered follows in the
tank, which the two types of profile can register. With the
simulated models, the GR profile changes slightly from
one model to another, the changes happening in the salt
(decrease in values of the profile) by the increased and
decreased silvita kelp, and shale, the increase of mica
(increase in the values the profile). Moreover, calculating
the diameter of invasion is more accurate with the profile
laterolog whose results match the theoretical profile of
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invasion, making the estimate by induction profile slightly
above this theoretical value.
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Figure 1. Invasion of drilling mud during (Schlumberger, 2009).
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Figure 2. Composition of oil-base mud (Bourgoyne, 1991).

Table 1. Mineralogical variation in the percentage in each layer
of the first model.

SALT CARBONATE SHALE

Mineral % Mineral % Mineral %
halite 50 | calcite 25 | olivine 30
anhydrite 15 | dolomite 20 | mica 10
silvita 15 | aragonite 15 | quartz 20
bischofite 00 | pyrite 01 | biotite 05
kelp 00 | anhydrite 01 | pyroxene 00
gypsum 20 | quartz 05 | aragonite 05
water 01 | water 08 | water 30
oil 00 | oil 35 | oil 00
gas 00 | gas 00 | gas 00
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Figure 3. Profiles GR, resistivity and invasion by the tool induction.
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Figure 4. Profiles GR, resistivity and invasion by laterolog tool.
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Table 2. Mineralogical variation in the percentage in each layer of the second model.

SALT SHALE
Mineral % Mineral %
halite 40 olivine 25
anhydrite 15 mica 15
silvita 14 quartz 30
bischofite 00 biotite 05
kelp 25 pyroxene 00
gypsum 05 aragonite 05
water 01 water 20
oil 00 oil 00
gas 00 gas 00
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Figure 5. Profiles GR, resistivity and invasion by laterolog tool.
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