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An approach to constrain maximum horizontal
stress magnitude using wellbore Failure
observations from 1mage logs

Do Quang Khanh

Abstract—The magnitude of the maximum
horizontal stress is generally the most challenging
term in estimating the full stress tensor. In this
paper, an approach to constrain the magnitude of the
maximum horizontal stress using the frictional limits
to stress and wellbore failure observations (drilling-
induced tensile fractures DITFs and/or breakouts
BOs) from image logs is presented. This approach is
applied to constrain the magnitude of the maximum
horizontal stress at some interest depths (3900 m,
4100 m, 4300 m and 4500 m) of the basement
reservoirs at the White Tiger field, Cuu Long basin,
Vietnam from the program STRESS POLYGON.
The occurrence of DITFs and/or BOs proved to be
useful in estimating stresses around the wellbore,
especially the maximum horizontal stress magnitude.

Index Terms—Maximum  horizontal  stress,
frictional limits to stress, wellbore failures, drilling-
induced tensile fractures, breakouts.

1 INTRODUCTION

Knowledge of in-situ stress is an important
issue for understanding of many processes in
both science and engineering problems such as
geology, geophysics, earthquake, civil, mining and
petroleum development. It is also a key parameter
for the petroleum exploration and production
activities such as drilling borehole stability,
hydraulic fracture stimulation, reservoir drainage
and flooding patterns, subsurface fluid transport,
storage and extraction of oil and gas from the
subsurface [1, 6].

The state of in-situ stress is described by a stress
tensor including the magnitudes and orientations
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of three principal stresses. In common, one
principal stress is assumed vertically in
sedimentary basins and thus the stress tensor can
only consist of the magnitudes of vertical,
minimum and maximum horizontal stresses along
with the orientation of maximum horizontal stress.
Among these four components, the magnitude of
the maximum horizontal stress is generally the
most challenging term in estimating the full stress
tensor. It also plays an important role for
engineering decisions in particular wellbore
stability and reservoir management [2, 3, 7,11, 12].

In this study, first we will introduce the state of
stress and frictional faulting theory. Next, the
stresses and wellbore failure (drilling-induced
tensile fractures DITFs and/or breakouts BOSs)
analysis around a wellbore are presented. An
approach to constrain the magnitude of the
maximum horizontal stress using the frictional
limits to stress and wellbore failure observations
(drilling-induced tensile fractures DITFs and/or
breakouts BOs) from image logs is presented. At
the given interest depths, commonly values of the
vertical stress Sy, the minmum horizontal stress
Shmin @and the pore pressure P, are known then the
magnitude of the maximum horizontal stress Snmax
can be constrained by the observations of the
wellbore failures on logging images and the

frictional faulting theory (frictional limits to
stress). Finally, this approach is applied to
constrain the magnitude of the maximum

horizontal stress at some interest depths (3900 m,
4100 m, 4300 m and 4500 m) of the basement
reservoirs at the White Tiger field, Cuu Long
basin, Vietnam. The occurrence of DITFs and/or
BOs proved to be useful in estimating stresses
around the wellbore, especially the maximum
horizontal stress magnitude.
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2  STATESOF IN-SITU STRESS AND
FRICTIONAL LIMITS TO STRESS

2.1  States of in-situ stress

According to the relative magnitudes of the
vertical stress and two mutually perpendicular
horizontal stresses, principal stresses (S1 >Sz >Ss)
are assumed vertical and horizontal stresses are
and classified three possible states of stress and
associated faulting styles which consist of normal
faulting (NF), strike-slip faulting (SF) and reverse
faulting (RF) as shown in Figure 1.
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Figure 1. The three states of stress and associated
types of faulting [5]

The different states of stress and associated fault
styles are the normal faulting (NF) stress regime
(Sv>SHmax>Shmin), the strike-slip faulting (SF)
stress regime (SHmax>Sv>Shmin) and the reverse
faulting (RF) stress regime (SHmax>Shmin>Sv).
These three states of stress correspond to the three
commonly seen modes of faulting in the earth’s
crust and are used to describe relative stress
magnitudes in the earth’s crust.

2.2 Frictional Limits to Stress

The stresses at which rocks in the subsurface
fail provide useful theoretical limits to the
magnitudes of in-situ stresses. The ratio of the
maximum to minimum effective stress that causes
slip on pre-existing faults that are optimally
oriented with respect to the stress field was
determined by:

-P
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If the ratio exceeds the above function of p

(usually from 0.6 to 1.0), then slip occurs in order
to reduce that ratio to within frictional limits. This
ratio can be used to constrain the ratio of the
magnitudes of the maximum and minimum stress
in seismically active regions. Furthermore, it can
be used to place upper or lower bounds on the
maximum and minimum stress magnitude
respectively in seismically inactive regions.
Depending on the stress regime of in-situ stress, the
above equation becomes:
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The allowable values for the horizontal principal
stresses in the Earth’s crust are calculated by the
above equations.

3  STRESSES AROUND AWELLBORE AND
WELLBORE FAILURE ANALYSIS

3.1  Stresses around a wellbore

Assuming the vertical stress is a principal stress
and the rock behaves elastically, stresses around a
vertical cylindrical wellbore are considered in
cylindrical coordinates. A set of equations
describing the stress components around a circular
borehole subjected to far in-situ stresses in a thick,
homogenous, isotropic elastic medium is
developed. The three principal wellbore stresses of
a vertical cylindrical wellbore of radius R are the
effective radial stress (o), the effective axial stress
(02z) and the effective circumferential stress (Gos).

Mathematically, the effective stresses around a
vertical cylindrical wellbore of radius R are
described in terms of a cylindrical coordinate
system by the following equations [11]:

1 R?
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2 (Stmax — S )(1+3R—4) 26 — AP (5)
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where Ry, is the tangential shear stress, R is the
radius of the hole, r is the radial distance from the
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center of the well, o is measured from the azimuth
of Sumax, and AP is the difference between the mud
(or wellbore fluid) pressure P, in the wellbore and
the pore pressure Py in the surrounding formation.

At the wellbore wall where R = r, these stress
components reduce to:

Oge = (SHmax + Shmin — pr) -

2(SHmax - SHmin) cos 20 — AP (8)
o, = AP (9)
Tre =0 (10)

The axial stress at the wellbore wall can be
calculated using:

Ozz = Sv - Pp - 2U(SHmax - SHmin)COS26 (11)

where v is Poisson’s ratio.

The above equations are rewritten in terms of
the far-field principal stresses as follows:

060 = (Semax t Stmin) —

2(SHmax - SHmin) cos 28 — Pw - Pp (12)

o =Py — P, (13)

02z =Sy — 20(SHmax — SHmin)C€0S20 — pp (14)

where Py, is the wellbore fluid (mud) pressure.

3.2 Wellbore failure analysis

Drilling-induced tensile fractures (DITFs)

Drilling induced tensile fractures (DITFs) are
stress-induced tensile fractures of the wellbore
wall. Tensile failure occurs when the wellbore
stress concentration is less than the tensile strength
of the rock.

The circumferential stress is minimized at e= Q°,
S0 we have:

Goemin = 3Shmin = SHmax - Pw — Pp (15)

Drilling-induced tensile fractures DITFs form
when:

Goemin = 3Shmin = SHmax - Pw - Pp< T (16)

where T is the rock tensile strength and T < 0.

The tensile rock strength is typically small
compared to the compressive rock strength and
rocks typically contain planes of weakness on
which the tensile rock strength is negligible.
Consequently, tensile rock strength can be
assumed to be negligible [3]. Hence, DITFs tend to

occur when cggmin IS less than zero.

Breakouts (BOs)

Borehole breakouts (BOs) are stress-induced
ovalizations of the cross-sectional shape of the
wellbore. This occurs when the wellbore stress
concentration exceeds that required to cause
compressive failure of intact rock.

Assuming that the rock surrounding the
wellbore is subjected to three principal stresses. If
these stresses exceed the rock strength, the rock

will fail. The stress state at the wellbore wall at the
azimuth of Symin (Where the stress concentration is
most compressive) is compared to a failure law
defining the strength of the rock.

The circumferential stress is maximized at e =
+ 90°, so we have:

Goomax =3SHmax = Shmin - Pw - Pp (17)
Breakouts BOs form when:
Goomax= 3SHmax - Shmin - Pw - Pp> C (18)

The appropriate rock strength C considered in
breakout calculations is typically the uniaxial
compressive rock strength (UCS).

4 AN APPROACH TO CONSTRAIN THE
MAXIMUM HORIZONTAL STRESS
MAGNITUDE USING THE FRICTIONAL
LIMITS THEORY AND WELLBORE
FAILURE OBSERVATIONS

The magnitude of the maximum horizontal
stress is generally the most challenging term in
estimating the full stress tensor. The presence or
absence of wellbore failures (drilling-induced
tensile fractures DITFs and/or breakouts BOSs)
from image logs may give the way to estimate
more strictly and precisely this term at the interest
depths. Constraining the maximum horizontal
stress magnitude is based on the frictional limits
theory and the constraints on the occurrence of
wellbore failures [12, 10, 7]. Assuming the vertical
stress is one of three principal stresses, the
methodology of this approach may describe in
following basic steps.

First, apply the frictional limits theory with the
assumed coefficient of frictional sliding on
preexisting plane of weakness to establish the
polygon stress at any given depth as well as the
known values of the vertical stress Sy and the pore
pressure P, for different state of stress. The
polygon stress will give the range of allowable
values of horizontal stresses at any given depth.
The outer periphery of the polygon stress
corresponds to the critical stress state resulting in
faulting. The stress polygon established from the
frictional faulting theory at any given depth with
an assumed coefficient of friction p (usually as
0.6) also a good tool to constrain values of the
minimum horizontal stress Shmin and the maximum
horizontal stress Swmax. Depend on the stress
regimes we have the different constraints on the
maximum  horizontal stress magnitude as
following:

For the regime of normal faulting (NF):
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[Sv + () — 1.0)*Pp)/ f(1) < Srmax < Sv,  (19)
For the regime of strike-slip faulting (SF):

Sv < Shmax < Shmin*f(w) — ( () — 1.0)*Pp,  (20)
For the regime of reverse faulting (RF):

Su < Shmax < f(W*Sy ~(f() ~ LO*P,, (1)
where f() = [(1+p%)*® + uJ? (22)

Second, use wellbore failure observations from
image logs to establish more strictly and precisely
constraints on the range of allowable values of
horizontal stresses at any given depth when the
presence or absence of induced wellbore failures
(drilling-induced tensile fractures DITFs and/or
breakouts BOs) with respect to the rock strength.

DITFs occur if the wellbore stresses are less
than the tensile rock strength. So, a lower bound to
Shmax Can be determined where DITFs are
observed (usually assuming the tensile rock
strength to be negligible at the petroleum basins)
as:

SHmaxz 3Shmin - Pp - Pw (23)

BOs occur if the wellbore stresses are exceeded
the compressive rock strength C. The compressive
strength can be measured from samples or
predicted prior at the petroleum basins (usually the
uniaxial compressive strength UCS). So, a lower
bound to Stmax can be also determined as:

SHmax > (Shmin + Pp + Pw + C)/3 (24)

In general the wellbore is in balance (i.e. Py =
Pp), the constraints on the occurrence of wellbore
failures will be:

Stimax = 3 Shmin — 2Py, for DITFs (25)

ShHmax > (Shmin + 2Pp + C)/3, for BOs (26)

Finally, by gaining information on the minimum
horizontal stress magnitude determined leak-off
tests or hydraulic fracturing tests, along with the
stress polygon and induced constraints on wellbore
failure observations the magnitude of the
maximum horizontal stress  Sumax  Will  be
constrained more strictly and precisely. At the
known value of the minimum horizontal stress, the
frictional limits of the stress polygon usually give
an upper-bound of the maximum horizontal stress
magnitude. The lines corresponding to the
occurrence of induced failures may provide us a
lower-bound of the maximum horizontal stress
magnitude.

These constraints from the occurrence of BOs
and/or DITFs and the faulting limit theory are the
basic for the establishment of the stress polygon
and constraints by the program STRESS
POLYGON written by the Matlab language.

5 CONSTRAINING THE MAXIMUM
HORIZONTAL STRESS MAGNITUDE AT
THEWHITE TIGER FIELD, VIETNAM

5.1  Geological background

The White Tiger (Bach Ho) field, a fractured
granitic basement reservoir is located in the center
of Cuu Long basin, offshore Southern Vietnam
(Figure 2). It is an unusual buried hill reservoir
with the fractured reservoir matrix largely made up
of unaltered acid igneous lithologies (mostly
granites and granodiorites) [4].
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Figure 2. Location map of the White Tiger field, Cuu Long
basin

The shallowest part of the highly fractured
buried hill at the White Tiger field lies at a depth
of 3050 m (Figure 3), while the effective base for
liquids production in this field is typical shallower
than 4650 m. However, the deepest producing
interval in the field is a fractured zone at 5013 m.
The productive intervals in the White Tiger wells
are invariably fractured zones in the basement
formation usually at 3500-4500 m.
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Bach Ho
Basement

Figure 3. Basement distribution at the White Tiger field,
Cuu Long basin [9]

The vertical stress

Based on data acquired of wellbores together
with the integration density technique, the vertical
stress (overburden stress) at the White Tiger field
is closely approximated by the power law
S,=0.0093*Z11066 where S, is in MPa and Z is
depth in meters (Figure 4).
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Figure 4. Vertical stress or overburden stress at the White
Tiger field.

The pore pressure

Pore pressures are determined from 20 DST
measurements and 12 WFIT measurements at
wellbores in the White Tiger. Although an
overpressure occurs in the interval of the
Oligocene formation, the pore pressure gradient is
lightly higher than the normal hydrostatic pressure
gradient as 10.35 MPa/km [0.45 psi/ft] (Figure 5).
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Figure 5. Pore pressure at the White Tiger field

The magnitude of minimum horizontal stress

Based on the treating pressure data of hydraulic
fracturing tests at 04 wellbores, we interpret these
closure pressures The magnitudes of minimum
horizontal stresses at the fracturing depths will be
equal to the closure pressures.

Although 04 hydraulic fracturing tests carried
out at Oligocene formation, from these data the
gradient of the minimum horizontal stress can be
closely approximated to 0.63 psi/ft [14.49
MPa/km] (Figure 6). So, the values of minimum
horizontal stress are higher than the normal
hydrostatic pressures with their gradient ~ 0.44
psi/ft [10.0 MPa/km], but lower than the lithostatic
pressures with their gradient ~1.0 psi/ft [23.0
MPa/km].

o Minimum Horizontal Stress = F(Depth at the WT field
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Figure 6. Minumum horizontal stress at the White Tiger
field

Data on wellbore failure observations from
image logs

Data on wellbore failures inferred from high-
resolution image logs (CAST-V and FMI images).
A lot of image logs were run in the basement
reservoirs at the White Tiger field in which the
wellbore breakouts and/or drilling-induced tensile
fractures were observed (Figure 7).
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Figure 7. Examples of the occurence of BOs and DITFs of
the wellbores at the White Tiger field

In the basement reservoirs at the White Tiger,
four interest depths of 3900 m, 4100 m, 4300 m
and 4500 m are considered. At the depths of
3900m and 4100m, only the wellbore breakouts
occur but no drilling induced tensile fractures.
However, at the depths of 4300m and 4500m no
breakouts but a lot of drilling-induced tensile
fractures occur.

Therefore, after that we will use these wellbore
failures to constrain the valuable magnitudes of the
maximum horizontal stress at these interest depths
in the basement reservoirs at the White Tiger field
combining with the stress polygon of the frictional
limits assuming the common coefficient of friction
n=0.6.

5.3  Constraining the magnitude of the
maximum horizontal stress

The magnitude estimation of the maximum
horizontal stress is the most difficult aspect of the
in-situ stress tensor to constrain in the White Tiger
field. The maximum horizontal stress magnitude
can be determined from the observation of
wellbore failures (BOs and/or DITFs) or from the
hydraulic fracturing tests or constrained using the
frictional limits to stress.

No fracture reopening pressure can be
determined where minifracture tests are conducted
in cased holes. Therefore, no estimate of the

magnitude of the maximum horizontal stress Shmax
can be made from minifracture tests at the White
Tiger field. However, a lot of image logs were run
in basement reservoirs at the White Tiger field in
which BOs and/or DITFs were observed. So we
will use these wellbore failure observations from
image logs to estimate the maximum horizontal
stress magnitudes in basement reservoirs at the
White Tiger field combining with the stress
polygon of the frictional limits assuming the
common coefficient of friction p = 0.6.

At a given interest depths of the basement
reservoirs at the White Tiger field, commonly
values of the vertical stress Sy, the minimum
horizontal stress Shmin and the pore pressure P, are
known then the valuable magnitude of the
maximum horizontal stress Sumax Can  be
constrained by the observations of the wellbore
failures on image logs.

In the basement reservoirs at the White Tiger,
we will consider at four interest depths (3900 m,
4100 m, 4300 m and 4500 m). At the depths of
3900 m and 4100 m, no drilling-induced tensile
fractures DITFs but a lot of breakouts BOs are
observed. However, at the depths of 4300 m and
4500 m no breakouts but a lot of drilling-induced
tensile fractures are observed.

From the known data at these four interest
depths, we use the program STRESS POLYGON
to establish the stress polygon and constraints of
the occurrence of BOs and/or DITFs at these
depths as shown in Figure 8. From these diagrams,
we could constrain the magnitude of the maximum
horizontal stress more strictly and precisely.

At depth of 3900 m there are a lot of BOs but no
DITFs from image logs

Known values of the vertical stress Sy (87.57
MPa), the pore pressure P, (40.37 MPa) at this
depth are used to establish the stress polygon of
the frictional limits to stress assuming the
coefficient of friction pu = 0.6. With the tensile rock
strength assumed negligible and the UCS assumed
as 110 MPa, the constraint lines on the occurrence
of BOs and DITFs are also established. From the
known value of the minimum horizontal stress
Shmin (56.61 MPa) at this depth, the upper bound of
the stress polygon, the lower bound of the
occurrence of DITFs and the lower bound of the
occurrence of BOs will be respectively 90.72 MPa,
88.79 MPa and 82.42 MPa (Figure 8a).

Because there are a lot of BOs but no DITFs at
this depth, the magnitude of maximum horizontal
stress Snmax May be higher than 82.42 MPa (lower
bound of the occurrence of BOs with the UCS
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assumed as 110 MPa) but lower than 88.79 MPa
(lower bound of the occurrence of DITFs). In this
case the upper bound of the stress polygon (90.72
MPa) is higher than the lower bound of the
occurrence of DITFs (88.79 MPa), therefore the
valuable magnitude of maximum horizontal stress
SHmax May range from 82.42 MPa to 88.79 MPa.

Stress Polygon & Constraints of BO/DITF
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a) Diagram at the depth of 3900 m.
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¢) Diagram at the depth of 4300 m.
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d) Diagram at the depth of 4500 m.

Figure 8. Diagrams of the stress polygon and constraints
on DIFTs and/or BOs

At depth of 4100 m there are also a lot of BOs
but no DITFs from image logs

Known values of the vertical stress Sy (92.55
MPa), the pore pressure P, (42.44 MPa) at this
depth are used to establish the stress polygon of
the frictional limits to stress assuming the common
coefficient of friction p = 0.6. With the tensile rock
strength assumed negligible and the UCS assumed
as 110 MPa, the constraint lines on the occurrence
of BOs and DITFs are also established. From the
known value of the minimum horizontal stress
Shmin (59.41 MPa) at this depth, the upper bound of
the stress polygon, the lower bound of the
occurrence of DITFs and the lower bound of the
occurrence of BOs will be respectively 95.38 MPa,
93.35 MPa and 84.76 MPa (Figure 8b).

Similarly to the case at the depth of 3900m,
because there are a lot of BOs but no DITFs at this
depth the magnitude of maximum horizontal stress
Shmax May be higher than 84.76 MPa (lower bound
of the occurrence of BOs with the UCS assumed as
110 MPa) but lower than 93.35 MPa (lower bound
of the occurrence of DITFs). In this case the upper
bound of the stress polygon (95.38 MPa) is also
higher than the lower bound of the occurrence of
DITFs (93.35 MPa), therefore the valuable
magnitude of maximum horizontal stress Shmax
may also range from 84.76 MPa to 93.35 MPa.

At depth of 4300 m there are a lot of DITFs but
no BOs from image logs

Known values of the vertical stress S, (97.56
MPa), the pore pressure P, (44.51 MPa) at this
depth are used to establish the stress polygon of
the frictional limits to stress assuming the common
coefficient of friction pu = 0.6. With the tensile rock
strength assumed negligible and the UCS assumed
as 155 MPa, the constraint lines on the occurrence
of BOs and DITFs are also established. From the
known value of the minimum horizontal stress
Shmin (62.31 MPa) at this depth, the upper bound of
the stress polygon, the lower bound of the
occurrence of DITFs and the lower bound of the
occurrence of BOs will be respectively 100.04
MPa, 97.91 MPa and 102.11 MPa (Figure 8c).

Because there are a lot of DITFs but no BOs at
this depth the magnitude of maximum horizontal
stress Sumax May be higher than 97.91 MPa (lower
bound of the occurrence of DITFs) but lower than
102.11 MPa (lower bound of the occurrence of
BOs with the UCS assumed as 155 MPa). In this
case the upper bound of the stress polygon (100.04
MPa) is lower than the lower bound of the
occurrence of BOs (102.11 MPa), therefore the
valuable magnitude of maximum horizontal stress
Shmax May range more strictly and precisely from
97.91 MPa to 100.04 MPa.At this depth, basement
rocks may be stronger than because if the UCS
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assumed as 110 MPa then BOs will occur.
Moreover, the stress regime at this depth may
change from normal faulting to strike-slip faulting.

At depth of 4500m there are also a lot of DITFs
but no BOs from image logs

Known values of the vertical stress Sy (102.60
MPa), the pore pressure P, (46.58 MPa) at this
depth are used to establish the stress polygon of
the frictional limits to stress assuming the common
coefficient of friction p = 0.6. With the tensile rock
strength assumed negligible and the UCS assumed
as 155 MPa, the constraint lines on the occurrence
of BOs and DITFs are also established. From the
known value of the minimum horizontal stress
Shmin (65.21 MPa) at this depth, the upper bound of
the stress polygon, the lower bound of the
occurrence of DITFs and the lower bound of the
occurrence of BOs will be respectively 104.70
MPa, 102.47 MPa and 104.46 MPa (Figure 8d).

Similarly to the case at the depth of 4100m,
because there are a lot of DITFs but no BOs at this
depth the magnitude of maximum horizontal stress
Sumax May be higher than 102.47 MPa (lower
bound of the occurrence of DITFs) but lower than
104.46 MPa (lower bound of the occurrence of
BOs with the UCS assumed as 155 MPa).
However, in this case the upper bound of the stress
polygon (104.70 MPa) is higher than the lower
bound of the occurrence of BOs (104.46 MPa),
therefore the valuable magnitude of maximum
horizontal stress Swmax mMay range from 102.47
MPa to 104.46 MPa.

6 CONCLUSIONS

An integrating approach to constrain the
maximum  horizontal stress magnitude s
established from theory of the frictional limits to
stress and constraints on the occurrence of
wellbore failures (DITFs and/or BOs) from image
logs.

The stress polygon established from frictional
limits to stress with an assumed coefficient of
friction p will give the range of allowable values
of horizontal stresses at any given depth when
values of the vertical stress, the pore pressure are
known. Especially, it is useful to check the known
value of the minimum horizontal stress before
constrain the magnitude of the maximum
horizontal stress. The constraints established from
the occurrence of wellbore failures (DITFs and/or
BOs) will constrain the maximum horizontal stress
magnitude more strictly and precisely. The
presence or absence of DITFs s and/or BOs from
image logs proved to be useful in estimating

stresses around the wellbore, especially the
maximum horizontal stress magnitude.
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Mot phuong phap rang bugc do 1on ung
suat ngang lon nhat dung cac quan sat hu
hong giéng khoan

D4 Quang Khanh

Tom tit—Po 16n tng suit ngang 16n nhét thuong
1a thanh phén thach thirc nhét trong viéc xac dinh
tensor wng suat. Trong bal béo nay, phuong phap
rang bufc do l6n wrng suat ngang lén nhét dung cac
giéi han ma sat véi ing suét va cac quan sat hu héng
giéng khoan (cic khe nirt kéo sinh ra trong khoan
DITFs va/hay cac sat 16 BOs) tir cac log hinh anh
dwgc trinh bay. Phwong phap nay dwoc ap dung dé
rang budc dd 16n ng suit ngang 16n nhat tai cac do
sau quan tam (3900 m, 4100 m, 4300 m va 4500 m)
cua cac via tang méng & moé6 Bach H$, bon triing Ciru
Long, Viét nam tr chwong trinh STRESS
POLYGON. S xuit hién ciia DITFs va/hay BOs da
chirng t6 1 rat hitu ich trong viéc wéc tinh cc wng
sudt quanh giéng khoan, dic biét dd lén wng suit
ngang 16n nhit.

Tir khéa—Ung suét ngang l6m nhit, giéi han ma
sat véi irng suat, hw héng gieéng, khe nirt kéo sinh ra
trong khoan DITFs, sat 16 BOs.



