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Abstract

The coiled tubing plugging has become the main means of plugging in gas
Wells in Xinjiang. These Wells are deep and have high pressure, which can
easily affect the fatigue life of the operating coiled tubing. In order to improve
the life of coiled tubing in high-pressure gas Wells, this paper studies the
plugging conditions of coiled tubing in high-pressure ultra-deep Wells. Firstly,
the cross section deformation of coiled tubing under high internal pressure is
analyzed. Secondly, the factors influencing the fatigue life of coiled tubing
and the influence of surface damage on the fatigue life of coiled tubing were
studied. Finally, the mechanism of furrow damage caused by coiled tubing
and the main measures to reduce furrow damage are analyzed. The following
suggestions are made to improve the life of coiled tubing: select the right ma-
terial and the right size coiled tubing; Use appropriate measures to prevent
premature coiled tubing failure and reduce operating costs.
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1. Introduction

Some gas wells in Xinjiang were blocked after a long period of production. Tak-
ing Dina, Keshen and other gas fields in Tarim Oilfield as examples, there are
different degrees of wellbore blockage problems, there are 43 wells with wellbore
blockage problems, more seriously 14 wells have been shut down [1]. On-site
technicians used coiled tubing flushing and grinding to successfully dredge some
severely blocked wells and re-enter production. At present, coiled tubing plugging

removal has become the preferred means of operating wells plugged in Xinjiang.
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Low cycle fatigue damage is easy to be caused by coiled tubing during plug-
ging removal. The low cycle fatigue life of coiled tubing is related to the geome-
try of coiled tubing, the material of coiled tubing, the mechanical damage of
coiled tubing surface, and the pressure inside the tube when the coiled tubing is
bent. A large number of scholars have carried out related research on the plug-
ging conditions of coiled tubing. In 2000, Radovan Rolovic and Steven M. Tip-
ton [2] [3] conducted fatigue test studies on coiled tubing specimens with two
materials, and analyzed the deformation law of coiled tubing cross section with
the number of bending. In 2009, Christian and Tipton [4] defined the defect
damage amount through research. In 2018, Craig S. H. [5] analyzed coiled tub-
ing surface damage from 2006 to 2017 and found that furrows accounted for
about 46% of surface mechanical damage. In 2019, Zhou Zhihong et al. [6] pro-
posed the hypothesis of furrow damage, arguing that if the operating pressure is
relatively high, the cross section of coiled tubing will increase in diameter during
repeated bending and straightening. Therefore, the damage analysis of coiled

tubing fatigue life is very important in coiled tubing unplugging operation.

2. Coiled Tubing Cross Section Deformation

In order to analyze the cross section deformation of coiled tubing, the bending
process is simulated by the finite element. Taking the deformation of a drilling
plug as an example, the use of QT900 with a diameter of 2 inches and a wall
thickness of 0.156 in 5000 meters of coiled tubing and coiled tubing operation
vehicle. In the course of the operation, it has occurred many times stuck drilling
pump, workers in the pump pressure of about 45 MPa to carry out about 20
times the lifting down, measured at 3576 meters coiled tubing diameter greater
than the nominal diameter of 3.6 mm [7], the diameter increased by 7%. Figure

1(a) is the actual coiled tubing cross section, and Figure 1(b) is the simulated

(a) (b)

Figure 1. Variation of repeated bending cross section of coiled tubing under internal
pressure. (a) Variation of actual coiled tubing cross section. (b) Finite element simulation
of cross section changes.
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coiled tubing cross section.

The simulation process shows that the coiled tubing under internal pressure
has obvious cross-sectional changes after repeated bending corrections. The
larger the internal pressure, the faster the diameter growth, the lower the yield
strength of the material, and the faster the diameter growth. The speed of di-
ameter growth is related to the ratio of circumferential stress to yield stress, and
also to the ratio of coiled tubing diameter to bending radius. The smaller the

bending radius is, the faster the diameter changes.

3. Fatigue Life of Coiled Tubing

Although there are various theories on the fatigue life of coiled tubing, the re-
sults obtained by the standard coiled tubing testing machine are still widely rec-
ognized in the industry. The coiled tubing supplier has its own coiled tubing fa-
tigue test curve for various steel grades. The fatigue characteristics of coiled tub-
ing with different steel grades are very different.

Taking the fatigue test curves of QT-900 coiled tubing and QT-1200 coiled
tubing of QT Company as an example, Figure 2 and Figure 3 show the fatigue
test results of QT-900 and QT-1200 steel grade coiled tubing, respectively [8].
When the stress ratio (the ratio of circumferential stress to yield stress) of
QT-900 coiled tubing exceeds 0.33, it drops to less than 100 times, only 25% of
400 times at low stress ratio. However, for QT-1200 coiled tubing, when the
stress ratio is 33%, the fatigue life is still 200 times, which is 50% of low stress fa-
tigue. The difference between the two is very large. Therefore, it is very impor-
tant to select the appropriate coiled tubing materials for improving the fatigue
life.
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Figure 2. Fatigue test results of QT-900 coiled tubing.
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Figure 3. Fatigue test results of QT-1200 coiled tubing.

Since the stress ratio of coiled tubing is inversely proportional to the thickness
of coiled tubing, the greater the thickness, the lower the stress ratio is, the higher
the life under the same internal pressure is. The test also shows that the greater
the bending radius, the higher the life.

4. Fatigue Life of Surface Damaged Coiled Tubing

In the process of coiled tubing operation, it is inevitable to have mechanical
damage on the outer surface, such as clamping block injuries, bumps, scratches,
and furrows [9] [10] [11]. These defects will produce stress or strain concentra-
tion when the coiled tubing continues to work, which will affect the service life
of the coiled tubing. In order to study the influence of surface damage on the fa-
tigue life of coiled tubing, the following formulas were used to calculate the
amount of defect damage and fatigue life respectively.

Defect damage quantity @

o0

The parameters d, x, w; A, A. describing the external surface defects in the
formula are shown in Figure 4, and ¢is the wall thickness of the coiled tubing.

Empirical formula for fatigue life of coiled tubing with defects:

a
—a+

ﬁ —e l+(%)£

N,

)

where, Nis the fatigue life of coiled tubing with defects; N is the fatigue life of
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Figure 4. Geometric definition of outer surface mechanical defects.

coiled tubing without defects; Parameter a = 9.222, b = 1.0339, c= 2.20735.

The calculation shows that the surface mechanical defects have a great influ-
ence on the fatigue life of coiled tubing. Small mechanical defects can reduce the
fatigue life of coiled tubing to 20% or even lower than the fatigue life of non-
defective coiled tubing. Therefore, preventing the outer surface damage of coiled
tubing is very important to improving the service life of coiled tubing.

5. Defects and Reduction Measures of Coiled Tubing Plough

The coiled tubing under high pressure conditions, repeated bending and straigh-
tening can deform the section and increase the coiled tubing diameter. At this
point, the clamping block diameter of the coiled tubing is unchanged. During
the clamping process, the coiled tubing with a larger diameter is squeezed by the
clamping block. The bending moment generated by the extrusion of the clamp-
ing block produces a large tensile stress on the outer surface of the coiled tubing
near the concave top of the clamping block. Once a-strength (>200 MPa) sand or
proppant falls between the clamping block and the coiled tubing, it is easy to
produce plastic indentation on the surface of the coiled tubing with existing ten-
sile stress. On the other hand, during the injection or lifting process of coiled
tubing driven by a uniform motion hydraulic motor, due to the characteristics of
the mechanical structure of the injection head, a certain amplitude of periodic
excitation will be generated. Once the periodic excitation coincides with the
natural frequency of the coiled tubing, after a period of time, a large resonance
will occur. If there happens to be a sand grain stuck between the clamping block
and the coiled tubing with increased diameter, the plastic deformation of the in-
dentation produced by the sand in the coiled tubing will form a furrow-like de-
fect with the vibration of the coiled tubing.

Therefore, in order to reduce furrow defects, it is necessary to select proper
coiled tubing material and wall thickness from the engineering design, and
strictly control and monitor the diameter growth of coiled tubing. Measures
need to be taken to avoid greater resonance when coiled tubing is injected or

lifted, such as limiting the coiled tubing injection or lifting speed does not ex-
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ceed 20 m/min, if possible, it is best to install a coiled tubing injection head
speed disturbance, so that the coiled tubing speed around the set speed to pro-

duce a certain range of slow changes to avoid resonance.

6. Conclusions

In this paper, aiming at the special situation of coiled tubing plugging removal in
high pressure and ultra-deep wells, the influence of coiled tubing deformation,
coiled tubing fatigue and coiled tubing surface mechanical damage on coiled
tubing life under high internal pressure is expounded. The mechanism of furrow
damage caused by coiled tubing in high internal pressure operation and the
measures to prevent furrow damage are described. In order to increase the life of
coiled tubing, it is recommended that:

1) The key to improving the life of coiled tubing is to select the appropriate
material, outer diameter and wall thickness.

2) To prevent excessive coiled tubing diameter growth during high internal
pressure operations, select a high-strength coiled tubing with appropriate wall
thickness and monitor the CT diameter.

3) In order to prevent excessive resonance of constant velocity and reduce the
possibility of furrow damage, a measure was put forward to limit the coiled tub-
ing injection and pull out velocity and install a velocity perturbator on the coiled

tubing injection head to make the velocity change in a small range and slowly.
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