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Fig. 11. Rock failure at increased pressure drop (dP = 55 atm) in the XY (h = 0.97 m) and YZ section of a 220/160 mm junction 
and the XY (h = 0.97 m) section of a 160/120 mm junction (c)

b) c)а)

hydrofracture marked in yellow (Figure 12, b, d). The 
breakouts area extension can be traced from the XZ 
section since the shear failures are mainly directed along 
the direction of minimum horizontal stress (Figure 12, 
c). At the same time, the YZ section oriented mainly in 
the direction of maximum horizontal stress gives a good 
image of the hydrofracture (Figure 12, d). For its better 
visualization, the YZ section image has been enlarged.

Considering the fact that the angular size of the shear 
fracturing exceeds 90° (Figure 12, а), such a junction 
should be regarded as unstable (Zoback, 2010).

Observing analogous sections for the 160/120 mm 
juncture, we can see the destruction areas of a similar 
character and type appeared in sandstone (Figure 13). 
Since the angular size of the fracturing area still exceeds 
90°, it is regarded as unstable as well. Analogous to the 
case of 220/160  mm diameters ratio, a hydrofracture 
formed within the juncture’s shoulder (Figure 13, b, d)

Let’s analyze how the pressure drop decreasing will 

affect the destruction zones. It should be noted that 
expected hydrofrac elimination does not happen when 
reducing dP. There is always at least one damaged cell 
within the juncture’s shoulder and it is so for both for 
220/160 mm and 160/120 mm cases. On the other hand, 
the reduced dP leads to increasing the breakouts area, 
since the compressing stresses around the holes increase. 
The way the shapes of destructed areas change can be 
seen in Figure 14 demonstrating simulation results for 
the 220/160 mm juncture at dP = 20 atm. In this case, 
the shear failure area increases both along the well’s 
contour and in the radial direction.

At reduced pressure drop, the inclined 160/120 mm 
junction demonstrates the behavior similar to the one 
described for the 220/160  mm and for that reason is 
omitted.

Further reduction of dP down to 1 atm results in shear 
failures almost close around the well, in other words, the 
walls collapse around the juncture.

а) c)b)

Fig. 10. Increasing of the breakouts area in the XZ section of a 220/160 mm junction at the pressure drop reduced to 30 atm (a), 
to 20 atm (b) and to 1 atm (c)
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Fig. 14. Changing the shapes of destructed areas at reduced pressure drop (dP = 20 atm) in a 220/160 mm junction. The section 
XY is related to h = 0.99 m (а) and h = 1.01 m (b). Increased breakouts can be seen in the XZ section (c). A hydrofracture can 
be seen in the enlarged YZ section (d).

b) c)

d)

а)

Fig. 12. Destruction areas in an inclined 220/160 mm junction at dP = 40 atm. The XY section is related to h = 0.99 m (а) and 
h = 1.01 m (b). Breakouts are marked in red in the XZ section (c). A hydrofracture is marked in yellow in the YZ section (d).

а) b) c)

d)

d)

а) c)b)

Fig. 13. Sandstone failure around an inclined 160/120 mm juncture at dP = 40 atm. The XY section is related to h = 0.99 m (а) 
and h = 1.01 m (b). The XZ and YZ sections can be seen in (c) and (d), respectively.
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Fig. 16. Shapes of destructed areas around a 220/160 mm 
junction at dP = 60 atm. In the YZ section, a hydrofracture 
propagates from the junction’s shoulder downward the 
bottom hole. Another hydrofracture can be seen on the 
opposite wall. The XY section is related to h = 1.05 m (b). 
The shear failure areas keep reducing.

Fig. 17. Areas of destruction around a 160/120 mm junction 
at dp = 60 atm. The YZ section (a) shows the extension of 
the hydrofractures. The disposition of the fractures and 
breakouts relative to the well’s contour can be seen in the XY 
section (b) at h = 1.1 m.

b)а)

Increasing dP up to 50 atm in the 220/160  mm 
junction causes the angular size of breakouts to reduce, 
so it becomes smaller than 90° (Figure 15 а, b). Taking 
into account that the hydrofracture is still localized in the 
juncture’s shoulder (Figure 15, c, d), we can conclude 
that the junction is stable.

Analogous behavior can be observed in the 
160/120  mm juncture, which makes core drilling at 
dP = 50 atm in such a borehole stable as well.

If in the 220/160 mm juncture, dP increases up to 60 
atm, it produces a tensile failure across the juncture’s 
shoulder in the YZ section (Figure 16, a) that elongates 
downward into the bottom hole. The dispositions of the 
shear and fracturing areas in a plane perpendicular to 
the well’s axis can be seen in Figure 16 (b).

If in the 160/120 mm junction the pressure drop 
increases up to 60 atm, it leads to formation of two 
azimuthal hydrofractures on the opposite walls of the 
well, and the length of these fractures is bigger than the 
length of such fractures in the 220/160 mm juncture, 
which can be seen in Figure 17 (a). The shapes of 
breakouts as well as the positions of the hydrofractures 
are demonstrated in Figure 17 (b). 

In general, since in the considered junctions the 
hydrofractures are nonlocal, core drilling at dP = 60 atm 
should be considered as unstable.

Further increase of the pressure drop in both inclined 
junctions 220/160 mm and 160/120 mm provokes further 
hydrofractures propagation downward the bottom hole 
and upward the main borehole, which is demonstrated 
in the section YZ presented in Figure 18. It is apparent 
that core drilling at dP = 70 atm is dangerous.

Discussion
The junction stability results were obtained 

with the help of the vertical transversely isotropic 
poroelastic model with mudcake buildup taken into 
account. Due to the slight variation in the elastic 

parameters reconstructed from the core compression 
tests the question of the applicability of the isotropic 
approach to describe the behavior of the formation 
arises. The modeling of the stress state for isotropic 
medium was carried out for the vertical and inclined 
wellbore junction taken into account mudcake growth. 
Comparison of the results with a vertical transversely 
isotropic case showed that the difference in the 
equivalent stress in the area of different diameters wells 
joining is 6–15%. Due to the fact that experimental 
data on core deformation are more accurately described 
by a model with anisotropic properties this system of 

Fig. 15. Shapes of destructed areas around a 220/160 mm junction at dP = 50 atm. The section XY is related to h = 0.99 m (а) 
and h = 1.01 m (b). The XZ and enlarged YZ sections can be seen in (c) and (d) respectively.

b)а) c)

d)
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Fig.  18. Propagation of hydrofractures at dP = 70 atm 
around 220/160 mm (а) and 160/120 mm (b) junctions in the 
YZ section

а) b)

equations for a poroelastic medium was chosen for 
numerical calculations.

The important result is that there are no fundamental 
differences between the 220/160 mm and 160/120 
mm junctions when it comes to the type and character 
of the failure zones that occurs around the joints at 
changing pressure drop. It other words, the main 
conclusions concerning stability while core drilling can 
be generalized for both cases. 

Applying the “standard” pressure drop of 40 atm 
while core drilling with a bit of smaller diameter has 
proved to be insufficient due to the size of breakouts 
indicates the juncture’s wall instability. The drilling 
becomes safe if the applied pressure drop increases by 
10 atm. 

In the anisotropic sandstones of the Surgut Dome, 
it is better to perform core sampling in either vertical 
or sub-vertical wells. The modeling has demonstrated 
that the vertical junction is more stable because it is not 
prone to hydrofracturing even when the pressure drop 
reaches 70 atm. 

In inclines wells, whose inclination angle is 60° and 
higher, drilling with a bit of smaller diameter should be 
performed keeping within quite a narrow window of 
mud pressure. So, while drilling at pressure drop equals 
to 50 atm is enough to stabilize an inclined juncture, its 
decrease by 10 atm leads to critical shear failure while 
the increase by 10 atm – to hydraulic fracturing of the 
borehole’s walls.

The area most prone to fracturing is the juncture’s 
shoulder where the main and bottom holes diameters 
meet. It can be assumed that, in reality, rock chipping 
smooths this area forming a seamless transition area 
between the holes.

It is also should be noticed that the bottom hole of the 
vertical junctures is more resistant to a reduced pressure 
drop because the destructions are initiated in the main 

wellbore and then spread downward to the bottom one. 
On the contrary, in the inclined junctures at increased 
pressure drop, tensile fracture first occur in the bottom 
hole to spread into the main borehole making the last 
more stable to an increased dP.

Conclusions
The performed 3D poroelastic modeling of vertical 

and inclined 220/160  mm and 160/120  mm well 
junctions in the anisotropic sandstone of the Akh 
Formation productive pay for a pressure-drop range 
from 1 to 70 atm has demonstrated that:

- The shape and character of fracturing around the 
junctions are qualitatively similar for the diameters ratios 
in question at equal pressure drops;

- The vertical junctions are more stable if compared 
to the inclined ones since their formation excludes 
hydraulic fracturing;

- While core sampling from vertical wells, one should 
maintain a pressure drop above 55 atm down the hole to 
guarantee the well’s stability;

- In the vertical junctions, the bottom hole is more 
stable to pressure drop reduction;

-  In order to provide stability of the inclined 
junctions, a pressure drop should be maintained at 
50 atm ±10%. Reducing the pressure drop leads to 
the critical spalling of the walls, and increasing – to 
propagation of a tensile fracture along the borehole’s 
surface;

-  Increasing the pressure drop in the inclined 
junctions initiates hydraulic fracturing in the bottom 
hole, while the main borehole preserves its stability.
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