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Introduction

Wellbore stability is the prevention of brittle failure
or plastic deformation of the rock surrounding
the wellbore due to mechanical stress or chemical
imbalance [1]. Numerous parameters effect on
wellbore stability, including mud weight, drilling fluid
type and chemistry, well azimuth and inclination, in-
situ stresses, rock strength, rock mechanical properties,
etc. Between these parameters, determination of the
mud weight window using rock failure criteria is the
most popular approach [2]. The most common failures
and wellbore instabilities are shear failure (breakout)
and tensile failure. The predicted safe mud weight
window using rock failure criteria includes two limit
bounds which are the minimum required mud weight
(MRMW) to prevent breakout (the lower bound),
and the maximum allowable mud weight to prevent
breakdown or tensile failure (the upper bound) [3].
Many researches have been conducted to investigate
wellbore stability problems. For instant, wellbore
stability for two wells in the south of Iran under
underbalance drilling conditions using numerical
methods (finite difference and finite element methods)
was performed by Salehi et al [4]. Mansourizadeh et
al utilized three Mogi-Coulomb, Mohr-Coulomb and
Hoek-Brown criteria for wellbore stability analysis
in the southwest of Iran to determine optimum mud
weight and the effect of inclination and azimuth [5].
Das and Chatterjee performed wellbore stability
analysis to predict the safe mud weight window for
five wells in Krisha in India by three rock failure
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criteria [6].

This paper is focused on two rock failure criteria,
namely Mohr-Coulomb (MC) and Mogi-Coulomb
(MG) to predict the safe mud weight window for a
well. Furthermore, the best failure criterion is specified
that has the most precise results with respect to the real
observations from caliper logs.

Case Study

The interest field is one of the most important oil fields
in Iran which is located in the southwest of Iran. The
current well was drilled in the four separate holes, that
the last hole is investigated in this study. This hole
has been drilled from 3537 m to 4120 m with bit size,
6.125-inch.

Methodology

In this study, the wellbore stability analysis has been
implemented to predict MRMW or breakout pressure
and Breakdown Pressure (a safe mud weight window)
for 6.125-inch hole of the current well, which discussed
as follow:

Petrophysical Logs Gathering

The petrophysical logs including compression and
shear sonic slowness (DTC and DTS respectively) (us/
ft), neutron porosity (NPHI, V/V), bulk density (pb,
kg/m?), and gamma-ray (API) for the current well have
been illustrated in Figure 1.
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Fig. 1 Petrophysical logs data for 6.125-inch hole of the Current well.

Rock Mechanical Properties

Rock mechanical properties and rock strength are
some of the main steps to investigate wellbore stabil-
ity. Rock mechanical properties (static and dynamic
Young’s modulus (E)) and (E__ . ), Poisson’s ratio (),
uniaxial compressive strength (UCS), internal friction
angle (¢), and cohesion (C) have been calculated by
various equations as expressed in below (Equations 1

to 6) [7,8].
1 2 _ 2
DTS x (3(DTS )’ —-4(DTC)?)

E, =182x10°p, x
¢ Ps (DTS )* = (DTC)? 1

E =0.7xFE
Static d 2

1 2
X (DTS[DTC)" -1 3)

(DTS /DTC)? -1

¢=265-374(1-NPHI -V, )+62.1(1-NPHI -V ,,, )’

shale

UCS =2.27xEy,, +4.7 (‘5‘)
C =UCS x(1-sing/2cosg) E6§

Also, the UCS and Estatic correlations have been
suggested by NISOC, after performing several
experimental tests on various specimens of the current
field.

The computed rock properties have been shown in

Figure 2.

In-situ Stresses and Pore Pressure Estimation

In situ stresses are commonly vertical stress, maximum
horizontal stress, and minimum horizontal stress. The
vertical stress (S ) was computed by integral equation,
and also the horizontal stresses (S, . and S, ) have
been calculated via poroelastic horizontal strain model
(Equation 7,9, and 10) [7]. The pore pressure (Pp) has
been computed from Eaton’s equation (Equation 8) for
the nonproductive formations [9]. However, for the
reservoir formation water-oil contact (WOB), gas-oil
contact (GOC), datum depth, the pore pressure of oil,
gas and water in datum depth and pressure gradient for
oil, gas and water data were provided by NISOC from
the offset wells. Hence, the pore pressure has been cal-
culated through the mentioned data in all depths of the
reservoir formation.

: (7
Sv (Z):-[O pb-g.dZ
DTC,
P, =S, —(S, —Ppn)x(m)s ®)
Smin =5, (ij+(ﬂjaPp +(%)gx +(%]g‘
1-9 1-9 1-9 1-9 )7
©))
SHmax :SV (ij+(l_29jap + % & + E‘S‘ﬂ &,
1-9 1-9 4 -9 )% -9
(10)



Petroleum Research, 2020(June-July), Vol. 30, No. 111

Elevation: Rotary Table
Elevation datum: 717.5Mss
Inferval: 3537-4120 m MD

6.125-inch Hole  Courtry: IRAN

State: Khuzestan
Company:N10SC

T Estatic

Friction Angle Poisson Ratio | UCS

Tensile Strength| COHESION

M TSm0

° 60 |0 unitless 05(0 MPa100|0 MPa 10 |0 MPa 30

F 3550 -

i 3650
: 3700
3750
- 3800 -

F 3850 -

3950

4050

Eo4100 -

Fig. 2 Estimated rock mechanical properties for 6.125-inch hole of the Current well.

The estimated values of in-situ stresses and pore
pressure have been demonstrated in Figure 3.
Moreover, the estimated minimum horizontal stress
(S,,,.,) is validated via the direct measurement of Leak-
off test (LOT) data (a black triangular dot). According
to Figure 3, the estimated values of the minimum
horizontal stress and LOT result have a reliable
agreement.

Rock failure criteria for determination of the safe
mud weight window and wellbore stability

The induced stresses after drilling are not equal to in-
situ stresses and they are applied around the wellbore.
These stresses are divided into three kinds, containing
tangential stress (), axial stress (c,) and radial Stress
(c,). The radial Stress is assumed to be equal mud
pressure in the wellbore (P ). The magnitudes of the
induced stresses in the wellbore wall can be computed
through Kirsch’s equations [10]. The worse condition
for breakout or shear failure condition is when the
tangential stress is maximum, and the stress regime of
6> 6,> o is considered to be in the wellbore wall. In
addition, the worst condition for breakdown condition
is when the tangential stress is minimum, and the most
prevalent stress regime is 6> ¢ > ce [11]. Therefore,
they can be formulated as:

o)“ =4-P, (11)
A :3SHmax _Shmin (12)
oy =D P, (15)
D :3Shmin _SHmax (16)
o.=E 7
o.=E (18)
E :O-v _2"9(SHmax _Shmin) (19)

In this paper, two rock failure criteria MC and MG
have been employed to obtain the safe mud weight
window, including the breakout pressure (P ;. )
(as a lower bound of mud window or MRMW) and
breakdown pressure (PW(Bre ak)) (as an upper bound of
mud window). As explained before, based on two
failure criteria and regarding breakout, the maximum
principal Stress is equal to the tangential stress (=
c,), and the minimum principal $tress is radial stress
(c,=P ). Additionally, the maximum principal Stress
is mud pressure (6,=P ), and the minimum principal
stress is the tangential stress (6 = ) for breakdown.
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Fig. 3 Pore Pressure and In-situ Stresses profiles for 6.125-inch hole of the Current well with LOT result.

Finally, the equations used for calculating the safe mud
weight window are written as:
Mohr-Coulomb:

[4-UCS-P,(q-1)]

= 20
Pw(BU) 1+q ( )
UCS +P, —-1) +gD
Pw(Break):I: p(q ) *4 :| (21)
1+¢q
Mogi-Coulomb:
4 1 —

13ww=:5—gJu[a+b(A—2gJﬂ—3p4—2By
(22)

L :%+é\/12[a'+b/(D -2P,)]*=3(D -2E)*

(23)
Moreover, the caliper and bit size logs are utilized to
verify the wellbore stability results.

Results and Discussion

The safe mud window predicted using MG and MC
failure criteria have been represented in Figure 4 with
caliper log and bit size. According to this Figure and
tracks 2 and 3, the grey line or area shows the pore
pressure or kick pressure. The orange (yellow area)
and dark blue profiles indicate the predicted minimum
required mud weight (breakout pressure) and the
predicted maximum allowable mud weight (breakdown
pressure) respectively. The green profile or area displays
mud loss pressure which is equal to the minimum
horizontal stress value. The actual mud weight utilized

for drilling this hole has been presented in the black
line. All variables in Figure 4 are in ppg or Lbm/Gal.
Finally, the last track demonstrates the caliper logs
data based on inch(in), and the serious breakouts are
observed in the intervals of 3540-3600 m, 3640-3665
m and 3685-3730 m from this log. Based on Figure 4,
the MC overestimates the breakout pressure and shows
a conservative approach which can be due to ignoring
the intermediate principal stress effect. Contrarily, the
predicted breakout pressure via MG criterion is more
realistic, and thus the MG criterion appears to give a
better match with the real observed breakouts from the
caliper log. Since this failure criterion takes into account
the effect of the intermediate principal Stress. As a
result, it could be concluded that the Mogi-Coulomb
failure criterion and its results are the most reliable
approach for drilling of the hole with 6.125- inch size in
the current well or a similar well.

Conclusions

In this study, two rock failure criteria have been used
to predict the safe mud weight window for 6.125-
inch hole of a well in the southwest of Iran. First,
rock mechanical properties, in-situ $tresses and pore
pressure were obtained and then were calibrated
through LOT data. Afterwards, the safe mud weight
windows were determined using two Mohr-Coulomb
and Mogi-Coulomb failure criteria. Based on real
observed breakouts from caliper log, the MC criterion
is not suggested due to overestimating of the MRMW.
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Fig. 4 Mud weight windows predicted for 6.125-inch hole of the current well using MC and MG criteria with bit Size/caliper
Logs and actual mud weight.

Furthermore, the MG criterion provides a more realistic
prediction in comparison with the MC criterion and
has a good agreement with the real observations.
Eventually, the MG criterion was chosen as a most
appropriate failure criterion and consequently, it is
recommended in designing the mud weight for 6.125-
inch hole of the current well, and also for drilling a
similar well in this oil field.
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