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Abstract

Rock failure during drilling is an important problem to be solved in petroleum technology. one of the most causes of rock failure is
shale chemical interaction with drilling fluids. This interaction is changing the shale strength as well as its pore pressure relatively
near the wellbore wall. In several oilfields in southern Iraq, drilling through the Tanuma formation is known as the most challenging
operation due to its unstable behavior. Understanding the chemical reactions between shale and drilling fluid is determined by
examining the features of shale and its behavior with drilling mud. Chemical interactions must be mitigated by the selection of
suitable drilling mud with effective chemical additives. This study is describing the laboratory methods that concern testing and
evaluating the shale instability encountered while drilling operations. The cutting samples are collected from the targeted formation
and used to categorize shale reactivity levels and the required additives to inhibit the clay instability. These tests include the
descriptive method with the various analytical technique of standard laboratory equipment. The shale testing techniques are the
Scanning Electron Microscope (SEM), X-ray Diffraction, X-ray Fluorescence, Cation-Exchange, Capacity (CEC), and Capillary
Suction Timer test (CST). Also, Linear swelling meter test (LSM) was performed to enhance the development plan. Tanuma
formation contains moderately active clay with the presence of microfractures and micropores in its morphology. And it is
controllable by using polymer muds with 8 % of inorganic inhibitor (e.g., KCL), filtration controls additives, and poly amino acid
hydration suppressant which showed minimum swelling percentage.
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1- Introduction

The shale rocks represent around 75% of the drilled
formations and 70% of the downhole problems
encountered while drilling to the targeted pay zones. It is
still early to say that the shale issue is controlled as the oil
and gas industry is still making efforts to control the shale
instability issues. The drilling costs are still carrying a
vast involvement in the shale instability issues due to
many downhole problems, such as tight holes, hole
collapse, poor hole cleaning, and stuck pipe. These issues
are mainly created and developed due to the nonexistence
of knowledge about the drilled formation [1].

Shale instability is a serious issue that appears when it is
exposed to drilling muds. it might be encountered due to
chemical interaction between the drilling fluid and shale
rock or due to mechanical effects resulting from
unbalanced stresses between the wellbore and formation
being drilled.

However, it is necessary to predict wellbore instability
before drilling any well for reducing or eliminating the
risk of downhole problems. And the result of stable
drilling is leading to minimizing the overall well costs
which might be major [2].

Analyzing the shale instability, based only on the
mechanical mechanisms, is an incorrect workflow, which
is beyond the scope of this research. It is required to be
analyzed aside from the mechanism of shale-drilling
fluids interaction [3].

Chemical interactions must be mitigated by selecting
suitable drilling muds with effective chemical additives.
An effort must be made to understand the chemical
reactions between shale and drilling fluid by examining
the features of shale when drilling mud is present.

Then, using effective laboratory tests, that are indicative
of the shale compositions and concentrations of the
chemical in the drilling fluids, will lead to a significant
improvement in mitigating and reducing the risk of
interaction between shale and fluids [4].

This study is evaluating the shale reactivity and rectifies
the failure by using mud additives that suit the Tanuma
structure and properties. The cutting samples are collected
from the targeted formations and used to categorize shale
reactivity levels and the required additives to inhibit the
clay instability. These tests include the descriptive with
the various analytical technique of standard laboratory
equipment.
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The shales minerals are categorized by the X-ray
Diffraction (XRD) technique, the shale geochemical are
analyzed by the X-ray Fluorescence (XRF) method and
then the Scanning Electron Microscope (SEM) was then
involved to enhance the decision of the shale reactivity
analysis and to help for understanding the instability
mechanisms which might be encountered due to
microfractures and pores. The capacity of exchanging the
cations (CEC test), which are present on the clay of the
shale, was also performed to indicate the reactivity
potential of shale samples. The XRD and the CEC
methods combined to anticipate the need for inhibitions in
drilling fluids. Additionally, the capillary suction time
(CST) test was implemented on the shale to optimize the
required inhibitor to stop shale dispersion into the fluid.
By combining the obtained results from the analysis of
the shale samples methods (SEM, XRD and XRF) and the
method of evaluating the direct interaction of the rock
samples with the fluids (CEC and CST), the shale
reactivity levels are assessed for Tanuma shales. Based on
that, a development plan was formulated and tested the
shale stability with the new muds by Linear swelling
meter test (LSM) [5], [6].

1.1. Shale Failure

Shale failure starts to occur when an insufficient type of
mud is used to drill shale intervals where it depends on
the properties of both shale rocks (e.g., mineralogy,
porosity) and the drilling muds used to drill the shale
(e.g., salinity, ionic exchange). It is also encountered if
the effective stress in the drilled wellbore exceeds the
strength of the hole. The shale is already in equilibrium
(stresses and pore pressure) which is naturally established
between the stress and the strength. When the native shale
is exposed to a sudden alter in its environment and foreign
chemicals from mud, it will disperse into mud. The
reaction between drilling fluid and shale changed its
strength as well as pore pressure relatively to the hole
wall. Shale rock strength usually decreases, and pore
pressure increases when fluid penetrates shale [6].

1.2. Chemical Effect

Chemical Effect is the interaction process between shale
minerals (clay) and drilling fluids when shales expose to
drilling operations. It is an important phenomenon in
borehole stability. The fundamental of this interaction is
the driving force for the water movement into or out of
the shale formation [3], [8]. Chemical interactions, that
occur between drilling fluids and shale rocks (clay-rich
shale), are leading to affect rock strength and wellbore
(local) formation pore pressure, thus, causing borehole
failure.

In the context of the theory described by Mody and
Hale (1993). The three influential factors, that lead to well
instability issues, when chemical effects may encounter
are: The first factor is, relatively, the salinity of drilling
fluid relevant to the fluid in shale pores.
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That is identified as the water activity (Am) and it is
inversely proportional to the salinity. If the mud reactivity
is above the reactivity of the fluid in a formation (Ap), the
osmosis phenomena will occur which raises the shale pore
pressure and cause the instability issue. Simply, osmotic
pressure means the movement of the fluid from the less
saline side toward the more saline side. The osmotic
pressure concept, which is greatly impacting borehole
stability, is easier to be understood while using water-
based drilling fluids. Second, the changes in shale pore
pressures are eliminated to the membrane efficiency,
which is defined by how easily ions will move from
drilling fluids into the shale formation. Third, the
exchange capacity of ions in the shales is crucial because
the changing of cations like Mg++ by Ca++ and Na+ by
K+ will weaken the shale rock [3].

2- Experimental Work

Laboratory tests are conducted to describe and evaluate
the shale reactivity of the Tanuma formation and to
estimate the shale-mud interaction as follows:

2.1. Tanuma shale description

Tanuma Shale Formation is 100% shale. The cutting
samples are checked visually and by using a microscope.
It was described as Dark gray, olive-gray, slightly hard,
fissile to sub fissile, sub blocky, splintery, occasionally
tabular, and non-calcareous, as shown in Fig.1.
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Fig. 1. Tanuma Shale sample under the microscope

2.2. Tanuma shale structure

The Scanning Electron Microscope test (SEM) was
carried out to investigate The Tanuma shale structure and
to observe the substructure morphology of the shale
(micro-pores, micro-crakes, and micro-fractures). As
shown in Fig. 2, there is a significant presence of
micropores and microfractures in Tanuma shale.

The length of the microfractures is ranged between 10
to 16 um and their widths are ranged from 1 to 3 um. The
presence of micro-pores, cracks, and fractures becomes
channels when the drilling fluid become in contact with
shale, and these channels act to provide a path across the
wellbore for the drilling mud and fluids and to inside the
shale rock.

The penetration of fluid will cause the shale-swelling,
which leads to an increase in the pore pressure and affects
the base fluid saturations.
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These activities and the nature of the shale structure are
considered critical factors and play a vital role in shale
failures and wellbore instability [9].
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Fig. 2. Tanuma shale structure observed by Scanning
Electron Microscope test

2.3. Tanuma shale mineralogy

The X-ray diffraction detector (XRD) was used to
analyze the shale mineralogy and the presence of deferent
minerals, which are the clay and non-clay mineral in
shale. Tanuma cutting samples were collected from a
drilling rig, cleaned, and washed on-site to remove the
residual of the drilling mud.

The cuttings were dried in the electrical oven less than
105 °C for 2.5 hours to remove clear the shale from the
water. The samples are ground and milled to a fine
powder for the purpose of the accuracy of the results.

The test was performed with shale powder and results
are shown in Fig. 3, Tanuma formation mainly consists of
clay minerals with non-clay minerals. It is also noticeable;
that clay minerals represent a higher percentage than non-
clay minerals. Tanuma formation mainly consists of
Kaolinite, chlorite, Illite, and Palygorskite, as the clay
minerals, Quartz, Dolomite, as the non-clay minerals.
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Fig. 3. Tanuma shale mineralogy obtained by the X-ray
diffraction
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2.4. Shale chemical

The X-ray fluorescence instrument (XRF) test was
carried out for the purpose of analyzing the shale
geochemical. The cuttings were prepared by washing the
cuttings samples with water and drying them with
electrical over 105 °C for up to 2.5 hours.

The cuttings were crushed and milled to a fine powder
for the accuracy of the results. The power was pressed to
pellets by applying 5 tons with the piston. The pellets
were then analyzed and evaluated for each formation. The
chemical compositions of Tanuma shale are mainly
containing Silicon dioxide (SiO2) 34.28 %, Calcium
oxide (CaO) 17.1 %, Aluminum oxide (Al203) 13.26 %,
Iron (111) oxide (Fe203) 6.831 %, Potassium oxide (K20)
2.229 % and 1.973 % and 1.433 % of Sodium oxide
(Na20) and Magnesium oxide (MgO) respectively.

2.5. Cation Exchange Capacity Test

The compensating cation(s) which adsorbed on the
surface of a unit layer might be exchanged with other
cations. This process is referred to as the clay
exchangeable cations.

The cations are exchanging with the other cations
because of the interaction with the ions in aqueous fluids
and it could also be intricate with non-aqueous solutions.
The cation exchange capacity (CEC) method is a specific
method to investigate shale reactivity with mud [10].
Ideally, the oil and gas industry accept the methylene blue
test (MBT) to measure the CEC. APl recommendation is
about using one gram of finely ground dried shale for the
assessment of shale reactivity level [11].

The sample is placed in deionized water with the
dispersant, the sulfuric, and the hydrogen peroxide.

The sample solution is then heated up gently until a few
minutes, cooled down to room temperature, then added to
methylene blue fluid.

The MBT stops if a drop from the solution of the
sample suspension is placed on the filter paper which
results in a faint blue halo surrounding the dyed solids.
The shale is considered reactive when the CEC is high
and vis vera while the sandstone and limestone ideally are
non-active rocks [5].

However, the active shale is higher than 20 meg/ 100 g
and the moderately reactive shale is ranged between 10 to
20 meg/100 g while the low CEC can still be a
problematic rock if there are small amounts of active
clays for swelling which lead for breaking down the shale
apart.

The results from the cation exchange capacity (CEC)
tests, for Tanuma formation, are 12.5 milliequivalents per
gram, as shown in Fig.4. Based on that, Tanuma is
classified as moderate to moderately high reactive clay
[12].
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Fig. 4. Cation Exchange Capacity test for Tanuma
Formation

2.6. Capillary Suction Timer Test

The CST technique measures the required time for the
slurry to move through a known space on a thick-porous
filter paper. The test was acclimatized to measure
capillary, suction time, for clay or shale, slurries. The
experimental can be done on cuttings, caving, and core to
estimate clay reactivity [13]. The CST test requires 3
grams of ground and dry shale cuttings mixed, with the
water, brine, mud, or any, designed mud filtration in a
small blender cup to create the colloidal suspension.

The test is studying the filtration characteristics of the
slurry by utilizing the pressure of capillary suction of the
filtrate porous paper. The filtration rate, which is
spreading away from suspension, will be mainly
controlled by suspension filterability. Ideally, several tests
can be run with different concentrations of salt, and it is
well known to repeat the tests to compare the outputs of
the numerical, results in seconds [14].

Usually, the flocculation concentration of salt can be
measured which is dramatically lower than the CST.
Additionally, the low salt concentration in the fluid will
cause the shale particles to disperse into the fluid because
of the higher flocculation concentration [5].

As shown Fig. 5, the results of the capillary suction time
(CST) that was conducted for Tanuma samples. The tests
were carried out to measure the effect of the nominated
test fluids, with different salt concentrations, on both
formations.

To estimate the reactivity nature of Tanuma and Zubair
shale formations, Tanuma formation needed 8 % of KCL
until recording the lowest CST timing which is 24
seconds.

The same sample of shale was recorded for 335
seconds when it was in contact with deionized water.
Thus, the shale reactivity can be rectified by adding 8 %
of KCL inhibitor into the drilling mud. This KCL
concentration is considered the optimal point. Otherwise,
the timing will be higher if the KCL is below or above the
optimal point.
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Fig. 5. Capillary suction time for Tanuma Shale formation

2.7. Shale Swelling Test

The swelling test is carried out by using the linear
swelling meter (LSM) technique. This technique is
measuring the free swelling, of, a reconstituted, pellet of
shale after it was in contact with the fluid which shows
the tendency of shale rock sample to hydration or
dehydration. It is considered a proper technique for
testing the shale reactivity checks. The swelling
measurement, which is the shale uptake, represents the
shale reactivity to the mud used in the test [15].

The swelling test is considered a good indication of the
shale reactivity to the fluids being tested. If more, of shale
swelling is observed, in the water that means it has a high
sensitivity to water. The result of this test is generally
associated with chemical reactivity and some of the
physical effects, e.g., fractures or cracks [5], [16].

Based on the outcome of the capillary suction time
(CST) test, as well as the other tests, the decision was
made to design two formulations of water-based muds
(WBM) with different shale inhibitor agents to rectify the
shale swelling issue in Tanuma shale. The formulations of
the water-based mud for the first mud (1st mud) were
formulated with the additives (polyglycol, PHPA, and
asphaltite) and the second mud (2nd mud) was formulated
with Dispersion and Hydration suppressant (which is
basically Poly amino acid hydration suppressant).

The KCL percent, in both formulated muds, is 8 % for
Tanuma shale.

The filtration controls and the asphaltite are selected
based on the SEM results to plug the micro-fractures and
poses present in the shale rocks.

As shown in Fig. 6 for Tanuma shale, both muds needed
around 20 hours before the relatively positive stabilization
where the shale expanded by about 2.5 % with the first
mud and 1.5 with the 2nd mud after the 20 hours. At the
end of the test, the shale expansion became 3.2 % with the
1st mud and 2 % with the 2nd mud.
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Fig. 6. Linear swelling test of Tanuma shale

3- Discussion

Tanuma shale samples are tested with different
laboratory methods to investigate the root causes of its
reactivity when it is in contact with drilling mud. The
visual inspection indicated the presence of clay minerals
the presents of Chlorite and Kaolinite and possible Illite
according to its color, laminae, and calcareous features
[17]. The geochemical (XRF test) analysis showed a
higher percentage and more kinds of chemicals Al, Ca,
Fe20, and K20 which refer to the presence of clay. The
XRD confirmed that Tanuma shale contains clay (lllite,
Chlorite, Kaolinite, and Palygorskite) which are non-
swelling clays in their nature.

But The Illite and Chlorite can slightly swell fluid when
they expose to altering from drilling operations and this
tendency is occur more in Illite than Chlorite clay. Illite
clay contains the weakly-bond interlayer cations and
weakly layer charges that lead to swelling and dispersion
when in contact with water. It is also worth noting that the
presence of the larger amount of Illite and Chlorite clays
is causing serious problems of instability.

The Kaolinite clay is a tight layer type that does not
exchange unless broken bonds occur which cause minor
cations exchange. The microfractures and pores in the
structure of Tanuma shale, observed by the SEM, will
always present the wellbore instability issues resulting
from the raises in the pore pressure.

The size and the amount of the microfractures and pores
are significant. The XRD and CEC tests approved the
reactivity of shale are matching XRD and XRF results.
The capillary suction time (CST) method confirmed the
reactivity and the category of shale reactivity. It is
observed that in testing the shales with DI water, the level
of CST is higher than 150 seconds, which means the
shales of Tanuma formation clay particles disperse into
the fluid. But, when continue adding the KCL, the CST
readings dramatically decreased until reaching to the
equilibrium level with the flocculation concentration.

The presence of a large amount of Illite (the weak-bond
layer type) and chlorite clay in Tanuma shale has affected
the salt consumption until achieving the equilibrium point
with the water intake and K+ exchange which is at 8 %.
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4- Conclusions

Tanuma formation is moderately active shale, and it
tends to disperse in the fluid, especially with fresh water.
Tanuma shale failure can be managed by using polymer
mud with a combination of 8 % KCL, filtration control
additives, and other shale inhibitors. The mud with poly
amino acid was the most optimum shale inhibitor for
Tanuma formation compared to the glycol and asphaltites
inhibitors.
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