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tuck pipe is a common unscheduled drilling problem that occurs routinely in drill-

ing operations with various levels of severity. Increase in drilling activity and drill-
ing in depleted and high risk reservoirs has increased the risk of stuck pipe events in all drill-
ing operations. Minimizing these risks has been the goal of the drilling industry as it occur-
rence has a major impact on drilling efficiency resulting in significant increase in non-
productive time and overall well cost. It is therefore of paramount importance to understand
the various ways that a drill string can become stuck and factors that contribute to it becom-
ing stuck and to establish best practices to minimize or prevent these problems. The earlier
the risk of drill string becoming stuck in a well is predicted and mitigated, the better it will en-
hance the overall drilling performance, as this will result in significant operating time reduc-
tions and cost savings. In this paper, the mechanisms of stuck pipe due to overburden stress
and tectonic stress are highlighted, the leading signs and symptoms are identified and tech-
niques of diagnosing, remediating and preventing such incidents are proffered.

Stuck pipe due to aforementioned stresses are a result of tensile and compressive failure
on the wellbore wall. The borehole will fail in tension while drilling mud hydrostatic pressure in-
duces stresses in the open wellbore wall that exceeds the tensile strength of the rock. The well-
bore will fail in compression when the pressure of the drilling mud is insufficient to keep the shear
stresses in the borehole wall below the shear strength of the formation. Water in the mud ab-
sorbed by shale formation causes swelling effect on formations. When there is a lot of water,
shale will not be able to hold their particles together and finally breaks apart and falls into the an-
nulus. This will result in the wellbore to slough and cave or contract to jam the drill string and
cause sticking. If these occur, it is important to understand the mechanisms and the different
factors involved in order to carry out the appropriate actions for optimal prevention. The pro-
cedures taken based on initial diagnosis can be the deciding factor between the ability to free
the pipe or losing the pipe and opting for a sidetrack, or costly abandonment of the well.

Overburden stress (J,) is considered as the stress arising from the weight of rock
overlying the zone under consideration. The overburden gradient (stress/depth) varies from
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field to field and increases with depth, owing to rock compaction. Overburden gradient is
much higher in tectonically active areas, in highly faulted areas and in sedimentary basins,
which are still undergoing compaction as compared to geologically relaxed areas having little
tectonic activity. For a given field, accurate value of overburden gradient is obtained by aver-
aging density logs from several wells drilled in the area. A graph of bulk density against
depth is then plotted. This graph is converted to an overburden gradient — depth graph by the
use of the relation:

Overburden stress = bulk density x depth x acceleration due to gravity.

In porous formations, the rock matrix stress, Js and the formation pore pressure, Ps
support the overburden stress, J, jointly, thus: J, = J¢ + P¢[1]

If a density log is not available, overburden stress may also be estimated from alter-
native methods that use variable density curves, time average equation, sonic travel time,
bulk density and porosity [2].

Overburden stress increases over depth, therefore the more a well is drilled, more over-
burden stress will be encountered. As the overburden squeezes the rock vertically, it pushes hor-
izontally, but is constrained by the surrounding rock to create horizontal stresses. When mud
weight (MW) is not enough to support the overburden, the stress from the overburden will create
shale fractures, which will fall down into the wellbore. Finally, the shale fractures will pack around
the drill string in the wellbore and cause a stuck pipe incident [3, 5].

Figure 1 — MW « overburden stress Figure 2 — MW < overburden stress

The indications of overburden can be recognize when there is an increase in torque
and drag; increase in pump pressure or when there is an abnormal amount of shale with cav-
ing shape at the shale shaker screens. When it happens, the hole may be completely packed
off or bridged off; therefore, circulation is very difficult or impossible to establish.

The preventive measures involve the use drilling mud that is heavy enough to stabi-
lize the overburden stress; the mud may weighted up prior to drilling into stressed shale
zones.

Mitigation techniques can be to circulate with low pressure (300—400 psi). A high
pump pressure is not permissible because the annulus will be packed harder and make it
impossible to free the pipe; when drilling or POOH, apply maximum allowable torque and jar
down with maximum trip load; when RIH, jar up with maximum trip load without applying any
torque. When pipe is free, circulate to clean the wellbore [3, 5].

Tectonic stress is a natural phenomenon that occurs due to lateral force from the for-
mation. It builds up in areas where rock is being compressed or stretched due to the lateral
movement of the earth’s crust. Pressure of the moving tectonic plates deforms the rock in
this area. When a well is drilled through sandstones in areas of high tectonic stress, lateral
force will create stress, which will squeeze sandstones leading to under gauge hole. While
drilling through shale the lateral stress will fracture shale and create additional splintery cut-
tings similar to those produced by over-pressured shales. These cuttings will collapse into
the wellbore and pack around the drill string leading to stuck pipe situation [3, 4, 5].

Typically, there is a higher probability of encountering tectonic stresses if rig location is
close to mountainous area and usually the hydrostatic pressure required to stabilize the wellbore
may be much higher than the fracture pressure of the other exposed formations [3, 4].
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Figure 3 — Stuck Pipe due to tectonic stress

The indicative signs of this hazard include rig location near mountainous area, erratic
drilling torque and abnormal drag; shale fractures are observed at shale shakers. When it
happens, the hole may be completely packed off or bridged off; therefore, circulation is very
difficult or impossible to establish.

Preventive measures will be increasing mud weight to improve wellbore stability; the
use of high vis/weight sweep for hole cleaning and minimizing operational time. The less time
spent in drilling and completing the well, the less tectonic stress affects the wellbore.

Mitigation techniques involve attempt to circulate with low pressure (300-400 psi).
Higher pump rates are not recommended because they will cause more cutting accumulation
around the drill string; when drilling or POOH, apply maximum allowable torque and jar down
with maximum trip load; when tripping in hole, jar up with maximum trip load without applying
any torque. When pipe is free, circulate to clean the wellbore [3, 5].
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% . Establishing optimal oil selection in production wells is the basis of energy-
saving technology for the development of oil and gas fields.
To achieve optimal flow rate, a detailed study of the hydromechanical flow along the
entire length of the well, starting from the bottom (at the point of contact with the pro-
ductive formation) to the wellhead, is necessary.
Production optimization is not based on maximum hydrocarbon production, but on
maximum return on investment.
The pressure at the bottom of the well is determined by losses in the components of
the oil and gas production system: in the porous medium, starting from the bounda-
ries of the drainage zone; completion areas (perforations, gravel pack, stimulation
zone); tubing pipes with a safety valve and fitting; artificial lift system (pump, gas lift
valves); pipeline from the mouth to the first level separator.

$ : drainage, well, reservoir, productivity, modeling, inflow, permeability.

I ntegrated development modeling is an application of the well-known and used
nodal analysis of the production system [6, 7]. It is known to be used both for indi-
vidual wells and for more complex systems. The essence of the method is that, regardless of
the location of the node, two boundary conditions must be satisfied: the flows — inlet and out-
let — must be equal, and the same pressure must act on the node. Pressure and flow curves
are plotted for the two indicated flows. The point of intersection of these curves represents
the solution to the problem. Therefore, complex modeling occupies an important place in the
process of solving optimization problems in real time.

Reservoir productivity is defined as the flow rate of oil or gas obtained from the reser-
voir at a certain bottomhole pressure.

The obvious reason for testing wells is to determine the flow rate for a given back-
pressure exerted at the wellhead. The IPR (Inflow Performance Relation) expression is used
to determine the relationship between oil flow rate in surface conditions and bottomhole
pressure. The bottom hole pressure used in the IPR and backpressure equations is usually
taken at the mid-perforation level [1].

A linear IPR relationship can be found using Darcy's law and assumptions for rock
and fluid properties. The productivity coefficient shows that the ratio of flow rate to pressure
drop always remains constant:

: 3o o4 5 o4

"ol se2 ol 6o "ol 6o

(1)
where A; is an average reservoir pressure. The measuring unit of J is STB/D/psi.

The linear IPR relationship is used only for unsaturated oil. The inflow line can be de-
termined based on two measurements:

1) established bottomhole pressure when closing the well (reservoir pressure);

2) bottomhole pressure at a certain flow rate.
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Figure 1 — Linear IPR dependency

Reservoir performance depends on several factors, including:
Reservoir pressure.
Reservoir thickness and permeability.
Type of tank boundary and distance to it.
Wellbore radius.
Properties of formation fluids.
Bottomhole conditions.
. Relative fluid permeabilities.
Reservoir performance can be mathematically modeled based on unsteady, steady
and pseudo-steady flow regimes.
The inflow potential can then be calculated at any pressure drop.
It is important to note that the concept of constant inflow characteristic and productivi-
ty coefficient assumes a pseudo-steady state (PSS) condition. PSS represents conditions
where the entire volume of the drainage zone is conducive to fluid influx [2].

Figure 2 — Pseudo-stationary response of a well, studied at different flow rates (A — instantaneous, B — late)

Figure 2A shows well behavior during testing of a highly permeable formation at vari-
ous flow rates.

The time until PSS conditions are reached is usually referred to as infinite flow, indi-
cating that the well is supposedly in an infinite formation. Rice. 2B shows the change in pres-
sure during the test at different rates of a well exploiting a low-permeable formation [5].

Below the saturation pressure, the gas released from the oil becomes free. Free gas
takes up some pore space, which reduces the flow of oil. This effect is quantified by the re-
duced relative permeability. At the same time, the viscosity of the oil increases, because the
amount of gas dissolved in it decreases. The combination of these effects leads to a de-
crease in flow rate at a given bottomhole pressure.

The graphs show the dependence of bottomhole pressure curves on fluid flow rate.
For these graphs, an analysis of the sensitivity of the curves to variations in input parameters
was carried out IPR (reservoir inflow curve), VLP (vertical lift characteristic).
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As can be seen from graph 3, a change in the permeability parameters of the dam-
aged zone affects only the IPR curve. At the same time, the flow rate decreases with a de-
crease in the permeability of the damaged zone, as a result, the filtration and capacitance
characteristics of the formation deteriorate, which leads to a decrease in flow rate, as a result
of which the point of optimal well operation shifts to the left. A change in the permeability val-
ues of the damaged zone will not affect the characteristics of the vertical lift, since the per-
meability parameter characterizes the permeability of the damaged zone of the reservoir and
will not affect the characteristics of liquid lifting along the tubing [3].

Figure 3 — Sensitivity of the IPR and VLP curves on fluid flow rate to various permeability of the damaged zone

Graph 4 shows the sensitivity of the curves of the dependence of bottomhole pres-
sure on fluid flow rate to various values of the gas-oil ratio. As can be seen from the figure, a
change in the GOR value will affect the characteristics of the fluid inflow, both in the reservoir
and along the tubing. An increase in GOR leads to large pressure losses due to friction, be-
cause gas is more mobile than oil. With a GOR value of 600 scf/STB, the oil production rate
is 12,000 barrels per day. With an increase in gas oil production to a value of 800, the flow
rate is approximately 13,000. A further increase in oil production will lead to a slight increase
in production, which will amount to 13,200 barrels. Thus, we can conclude that an increase in
gas production rate helps to increase oil production to a certain value and a further increase
in gas production rate will not lead to an increase in production, due to the fact that gas, hav-
ing greater mobility, will create large friction losses [4, 8].

Tubing diameter (Fig. 5). Downhole production will increase as tubing diameter increas-
es (tubing pressure drop will decrease, resulting in a higher pressure drop for the same reservoir
and separator pressure). With a subsequent increase in tubing diameter from 4.5 inches to 6
inches, the increase in production decreases. However, at a certain diameter, the velocity of the
flow (gas) directed upward will decrease so much (due to the increase in diameter) that it will not
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Figure 4 — Sensitivity of the IPR and VLP curves on fluid flow rate to various GOR

Figure 5 — Sensitivity of the IPR and VLP curves on fluid flow rate to various tubing diameter
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be able to effectively lift the liquid to the surface, the volumetric content of the liquid will increase.
It should be noted that with a further increase in the tubing diameter, the flow rate will not in-
crease. An even greater increase in the tubing diameter leads to unstable flow, which is caused
by a change in regime with a decrease in flow rate. With a smaller tubing diameter, it is possible
to produce at a lower rate but with greater stability [9].

The diameter of the tubing, as well as the parameters discussed earlier, will influence
the characteristics of liquid lifting along the tubing. An analysis was carried out of the sensi-
tivity of oil production to various tubing diameters taken in the range from 1 to 6 inches.
Based on these data, the dependence of the flow rate on the diameter of the lift was con-
structed. As can be seen from the graph, an increase in pipe diameter leads to an increase in
oil production. For a more accurate analysis, the dependence of bottomhole pressure on fluid
flow rate was also plotted. According to this graph, there is also an increase in production
with increasing tubing diameter, however, with a further increase in pipe diameter from 5.4 to
6 inches, the increase in production is insignificant. Therefore, the optimal tubing diameter
can be taken as 5.4 inches.

Conclusion

The use of conventional simulation methods is hampered by two important factors.
The first is that the models in the technological scheme are static and the possibility of their
application is limited by the fact that the characteristics description of the system are relevant
only at a certain point in time and in the future there is a need to re-configure these models.
The second factor is due to the fact that conventional methods in most cases do not take into
account the dynamic nature of processes.

As for intelligent process modeling, it is especially worth emphasizing the possibility of
widespread use of interdisciplinary boundary conditions for consistent modeling. The main
concept of this approach is the ability to simulate the processes of a dynamic system with
adaptation to changing operating conditions.

3. Based on studies of the IPR (Inflow Performance Relationship) and VLP (Vertical
Lift Performance) dependencies, the optimal indicators of the oil recovery process can be
determined depending on the gas-oil ratio, water cut, tubing diameter, and gas-liquid ratio.
For each of the parameters, it is able to determine the optimal value to ensure improved per-
formance of the oil production process.
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DETERMENENG THE BENDENG BENTENSHY THAT ENSURES
THE FREE PASSAGE OF THE CURVED CONDUCTOR ASSEMBLY
THROUGH THE CURVEBNEAR BARREL

" %= . , Azerbaijan State Oil and Industry University

Aytan Sh. Omarova Head of the laboratory
«Oil and Gas Engineering» Department

, %) . Azerbaijan State Oil and Industry University
Afag N. Majidova Laboratory assistant
«Oil and Gas Engineering» Department

% . In the article, in order to determine the free passage of the drilling tool through
the curved interval of inclined wells, taking into account its elasticity, the intensity of
the increase in the zenith angle was calculated accordingly.

$ : zenith angle, flexibility, drilling tool, interline interval.

he geometrical dimensions and the diameter of the bit along with the drill collar of

the curved transmission downhole motor allow to determine in advance the mini-
mum curvature radius of the well or the mbitimum bending intensity. When you start bending the
vertical well with this assembly, it stops in the position shown in figure 1. In this case, the body of
the engine or the drill collar rests on the upper wall of the well at point S and exerts pressure on it
with the force Fs. However, as the zenith angle increases, after reaching a certain value, the
body of the engine or the drill collar breaks off (separates) from the upper wall at point S of the
well due to its own weight and sits on the lower wall at point D and exerts pressure on it with the
force Fp. Depending on the seating of the drill collars on the upper and lower walls of the well, the
expected value of the bending intensity that ensures the normal passage of the indicated system
through the inclined well pipe will also be different.

In the first case, that is, when the tool touches the wall of the well at point S, let's de-
termine the value of the bending intensity that ensures the normal transition of the curved
conductive assembly. For this, let us assume that the bit 1, the downhole motor 2, the drill
collar 4 placed on it touch the well wall 5 at points A, B and S and the zenith angle DBO has
an increasing tendency along the circular arc.

Therefore, the increase of the zenith angle in the interval from point D to point B will
be ZA,, and in the drilling interval BO will be ZA,.

We assume that the well wall is absolutely rigid against lateral forces, and the shape
of the elastic bits of the assembly in the interval from the bit to the point where the drill collar
touches the wall is as shown in Figure 1.

To solve this problem, the lower part of the bent-conductor fuel assembly can be
viewed as a flexible beam mounted on three roller bearings.

Let's assume that the zenith angle accumulation intensity is ZA,.

The principle diagram of the transition of a curvilinear node from a curvilinear barrel.

In Figure 2, the following dependence can be written between the angles resulting
from the deformation of the lower part of the drilling tool on the geometric dimensions of the
assembly, the bending intensity and the curvature of the fuel in the section where the as-
sembly is located with a curved conductor:

L) . &as &a . N
(00 (5 (=(= 5, 1)
here u U]zT —,y p% . 2“ D, D, — the outer diameter of the bit and the curved con-

ductor (mechanism), respectively, or if the downhole motor touches the wall of the
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well; B — the inclination angle of the downhole motor with respect to the well bits; Ly —
the length of the downhole engine with the bit to the bending mechanism; L — the dis-
tance from the curved conductor to where the assembly touches the wellbore wall:
A — zenith angle; ZA ; — and Da, properly the increase of the zenith angle in the Lr
and L interval; - the angle of curvature of the curved conductor; +, +3 ve +3%_ O and
B are the rotation angles of the bitis of assembly at the supports.

Figure 1.

Figure 2 — 1 — bit; 2 — well bottom engine; 3 — curved conductor; 4 — drill collar;
5 — elastic bits of assembly; 6 — well wall
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Assuming that ZA; = ZA, x Lt ve ZA, = ZAx Lt depending on the bending intensity
(ZA\) and if we substitute the values of these quantities in the expression (1) to determine the
bending intensity (D ax) we get this equation:

&y ..2| " %U%=+% ¥ %" degrees/meters . )
u

Since the quantities L, , <2, +Wand + in expression (2) are unknown, they must be
determined.

Let's determine the quantities L, g and q for the case where the assembly with a
curved conductor is located in a vertical barrel.

Results and discussion

When the shown system is located in a vertical wellbore, it undergoes elastic defor-
mation and as a result, the bit is pressed against the well wall by the forces F, and the drill
collar by Fs. As a result of the presence of a curved conductor in the assembly and the ar-
rangement of the assembly in a barrel with a limited diameter, an elastic moment M occurs in
the section with a curved conductor, which causes the system to undergo elastic defor-
mation. In this case, the situation where the assembly is located in the vertical wellbore can
be considered as shown in figure 2. Taking the lower part of the assembly as a beam sitting
on three absolutely rigid supports of different levels, determining the elastic moment M gen-
erated in the B-B section, the distance (L) from the bending plane to the point of the curved
conductor, the fuel force F, pressing the bit against the wall of the well, and the forces FS
pressing the drill collar against the wall can. If we consider the well wall to be absolutely rigid,
then the value of the elastic bending moment M caused by the loads placed on the left side
of the section B-B can be found with very little error from the following equation [79].

M= F,Lt = FsL, (3)
here F,—is the driving force (the force that presses the bit against the wall).

Layout of the bending assembly in a vertical well

To determine the driving force on the bit, the following relationship can be written be-
tween the angles of rotation resulting from the forces acting on the beam to the right and left
of the B-B section and the angles resulting from the difference in the levels of the beam sup-

ports (i.e. for the case ZA, = 0).

=g —q-b, (4)
here <Y, +U%_ B-B are the turning angles of the beam on the left and right sides. If we ig-
nore the weight of the downhole motor and the drill collar in the vertical barrel and the effect
of the bit load applied to the bit, the turning angles <+, +;"can be determined by the follow-
ing formulas using known research works (4).

: (5)

2 €&

here EJ and EJ, — respectively the bending stiffness of the downhole motor and the drill
collar placed on top of it; A— is the zenith angle.

To determine the distance L from the plane of curvature of the curved conductor to
the point where the drill collar touches the top wall of the well, we write the equation of the

beam angle + at the support.

(6)

— 1 yx

z B S ML S 5 Al 0

1 &

If we solve equations (6) — (7) together, we get:
€_é n
2

>
|
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1 &S 1 E -
| €2ml g’ (8)

here % u/ t —ijy b%+ % (b

To determine the angle of curvature of the bending mechanism (bend conductor), let's
look at the parts BO and BS of the assembly as cantilever beams and use the deformation
equations of the angles of rotation of the ends

x|« 72 7 ©)
S I
X 2 2 &’ (10)
here Fs—is the force pressing the pipe against the wall at point S.

We can solve the equations (8) — (10) together and determine the curvature angle of
the curved conductor.
€S 1 .0 € a a ,
Mo o 2 M 2 7

G (
Substituting the value of the actual bending moment in the expression (11), we get

the following equations to determine the propellant force F, generated in the bit and the force
Fs pressing the drill collar against the wall at point S.

(11)

(12)

T o (13)

Conclusion

In order to determine the free passage of the drilling tool through the curved interval
of inclined wells, taking into account its elasticity, the intensity of the increase in the zenith
angle was calculated accordingly. Based on certain calculations, the free passage of the drill-
ing tool through the curved interval is ensured.
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