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Abstract

Differential-pressure pipe sticking is one of the main problems that occurs during drilling operations, leading to an increase in the
non-productive time (NPT). To address this problem, the industry uses a range of spotting fluids to enable the recovery of a
differentially stuck pipe effectively. Thus, any delay in solving this problem can turn into a difficult rescue operation that can
eventually lead to the abandonment of the well in extreme conditions. Therefore, it is crucial to choose the appropriate spotting fluid
that is suitable for the specific mud composition, as using an unsuitable spotting fluid may result in dangerous conditions.
Additionally, other factors can further complicate the process of freeing a stuck pipe. Therefore, for prevention, remediation, and
enhancing the recovery of stuck pipes, it is important to understand the root causes of the pipe sticking issue, the conditions that lead
to it, and the operational mechanisms of various spotted fluids and their application areas.

This paper studies the challenges of pipe sticking during drilling operations, particularly emphasizing differential pipe sticking, and
the role of spotting fluids in releasing pipe sticking. It discusses the testing and evaluation methods used to choose appropriate
spotting fluids while rejecting the inferior options, highlighting the benefits and disadvantages.

This study, which was conducted at Well NR-A in the Nahr Umr field in southeastern Irag, aims to address the problem of
differential stuck pipes. By employing a stuck pipe list check table, the mechanism of this problem was diagnosed, resulting in a
thorough analysis of the causes of differential stuck pipe and subsequent steps necessary to release the stuck pipe. Finally,
recommendations are presented to improve testing and evaluation methods, overcoming the limitations of conventional methods.
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1- Introduction
. . ) . techniques, the different spotting fluids used to recover a

One of the primary concerns for drilling engineers is gjtferentially stuck pipe, as well as the various testing and
nonproductive time (NPT), especially with the increasing  gyajyation methods to select the best spotting fluid for
expenses associated with rig time. Pipe sticking was rapid recovery of a stuck pipe [2].
found to be responsible for 25% of the operator's NPT
during drilling operations in a 2012 study. Out of this,
differential pipe sticking was responsible for 30.5% of the
NPT. While mechanical sticking was the cause of the
remaining incident. Similarly, differential sticking was to
cause for 32% of cases involving stuck pipes that
occurred in 2017. Most of these occurrences happened
during or following pipe connection operations [1].

Fig. 1 illustrates the likelihood and probability of
mechanical pipe sticking, differential pipe sticking, and
stuck pipe incidents related to pack-off and hole shape.
The results indicate that mechanical pipe sticking happens
more than differential pipe sticking, both in terms of
probability and likelihood. However, since differential
pipe sticking is one of the significant occurrences that
significantly raises the NPT and the total drilling cost, this
paper provides a thorough study of the factors associated
with the differential pipe sticking problem, the rescue
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Fig. 1. Stuck Pip Incidents by the Sticking Mechanism [3]
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Stuck pipe occurs in association with many factors or
operational activities. The probability of a pipe sticking
problem during the making of a connection is more than
washout and well-control incidents. This is due to the fact
that the static condition of the drill string during making a
connection allows it to embed into the mud cake matrix
easily in the presence of high permeable or depleted
formations. Back reaming operations have the second-
highest probability and propensity of causing it, followed
by drilling activities as the third highest and pull out of
hole (POOH) coming in forth during which stuck pipe
incidents are likely to occur. So, to reduce the severity of
pipe sticking issues, these procedures require extra
caution, proper operating expertise, and the application of
technical knowledge [3].

In terms of cost, the differential stuck pipe can translate
to as much as 40% of the well cost [4]. This led the
industry, in its early history, to focus on minimizing
differential stuck pipe incidents. It was later discovered
that some level of sticking happens almost always during
drilling operations and that it is impractical to have its
elimination as an operational or design objective. This is
because, in spite of all safety precautions and advised
procedures, there are certain actions that cannot be
avoided during drilling operations that end up stopping
the pipe's movement. This means that the possibility of
pressure-differential pipe sticking increases frequently.
Therefore, the industry should attempt to control the
factors that keep a drill string free to move [5, 6].

In this work, the mechanism of differential pressure
sticking will be discussed in order to achieve a better
understanding of its underlying causes, this discussion
will then move on to the factors that have the greatest
impact on the severity of the sticking, Afterwards, a study
of the diagnosis process, the recommended practices to
avoid differential sticking, and the different remediation
techniques used conventionally. The overview of spotting
fluids, a comparison of their various types and
compositions, as well as an explanation of how they
function, is covered in the second section. The last part
provides a review of the evolution of the testing and
assessment steps, and lastly the limitations and areas of
possible future advances in this field.

2- Area of study

The Nahr Umr oil field is about 25 km north-northwest
of Basra city in southern Iraq, between latitudes (30 35' -
30 50" and longitudes (47 45' 47 45"). It is situated
between Majnoon field and eastern Zubair field, which it
is saddled between, and is divided into two parts by the
Shat Alarab river. Although it is believed that the
structure is a part of the Majnoon oil field, geological
research has proved that they are really separated by a
saddle, as seen in Fig. 2. From bottom to top, the
following formations contain oil: Zubair formations
(Lower Cretaceous). Nahr Umr and Mishrif formations
(Upper Cretaceous). The best reservoirs are Zubair and
Mishrif formations [7]
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Fig. 2. Nahr Umr Oil Field Location [7]
3- Mechanism of differential-pressure pipe sticking

The stuck pipe can lead to NPT during drilling
processes. It happens when pulling the drill string from
the borehole requires a strength exceeding the maximum
allowable tensile strength of the drill string. This means
the drill string or a portion of it cannot be rotated and/or
moved within the wellbore [6, 8]. Pipe sticking is
classified into two types mechanical or differential. There
are also sticking due to other reasons such as equipment
failure, or due to a combination of the above-mentioned
types. These cases are not going to be discussed in this
paper.

Differential-pressure pipe sticking as a type of pipe
sticking has usually occurred in permeable formations
and, most of the time, following stopping the pipe
movement. In this type of sticking, the pressure
differential across the permeable zone, or the difference
between the hydrostatic and formation-fluid pressure, is
primarily responsible for holding the pipe against the
borehole wall; see Fig. 3 for a showing. The pressure
differential represents a seal to push the drill string into
the filter cake and prevent it from moving. Permeable
zones resort to forming thick impermeable filter cake, and
as the drill string becomes stable, it is likely that it gets
embedded in the filter cake. As a result, the filtrate is
forced to escape from the filter cake and into the
permeable formation until the pressure within the cake
drops to as close as the formation pressure [2, 5, 9, 10].

As sticking is confirmed, the pressure differential across
the pipe is transmitted to the fine solids in the filter cake,
so they develop an effective stress. When the permeability
of the formation is high, the higher the pressure drop
within the filter cake, the higher the pressure differential
across the pipe, and consequently, the higher the effective
stress. Reid et al., [9] concluded from their laboratory
experiments that the force resisting pipe pullout can be
divided into two kinds; pressure differential across the
filter cake, which is the prevailing force, and adhesion of
the filter cake to the drill string. They found that adhesion
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force can form up to 45% of the total resistance and it can
differ with time depending on the filter-cake thickness
and composition.
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Fig. 3. Differential Pressure across the Drill String and
Embedment of the Drill String in Mud Cake [9]

Because of the process of solid pressure increase and
hydraulic pressure decrease within the mud cake, the
pressure between the drill collar and the mud cake
gradually changes to solid pressure. At the same time, the
water leaves the mud cake into the formation and the cake
shrinks. This shrinkage causes an increase in the contact
between the drill collars and the mud cake. These two
processes cause an increase in the friction forces between
the drill string and the mud cake, making more sticking
force due to the adhesion between the two, increasing the
overall force required to pull out the drill string [11].

In terms of bonds, Clark and Almquist, [10] classify the
bonds depending on pressure variation along the contact
area in terms of the degree of embedment. This can be
stated through three cases: (a) the strongest attachment is
indicated by maximum pipe embedment in the filter cake,
which means that the adhesion forces at the cake/pipe
interface, are greater than that at the formation/cake
interface. (b) A small change in initial pressure and a
weak force at the cake/pipe interface relative to the other
interfacial forces are both indicated by little pipe
embedment. In this case, either a dynamic filtration is still
carried out or the cake maintains its permeability. By
reducing the effective stress, the sticking can then be

resolved, allowing the pipe to move against the cake. (c)
The third scenario happens when the interfacial forces at
the formation/cake interface and at the cake/pipe interface
are similar in value, and the cake strength is the weakest
bond. This case requires shearing the cake to free the

pipe.
4-  Analysis of differential sticking factors

The friction factor between the drill string and the mud
cake, along with the contact area and the differential
pressure, all contribute to the creation of the differential
sticking force [12]. This force needed to release the pipe
increases as the isolated portion of the pipe expands,
which depends on the ratio of the pipe to hole diameter
and the rate of cake thickening. The initial area of the pipe
isolated from the hydrostatic pressure is impacted by the
pipe-to-hole diameter ratio. The properties of the mud and
the permeability of the formation determine how quickly
cakes develop. These two variables control the clay mud
cake's compressibility and the rate of filtrate loss. As time
goes on, filtration through the mud cake continues and the
isolated area expands [9].

Controlling the weight of the mud, which essentially
affects the hydrostatic pressure in the borehole, provides
additional means of influencing the severity of the
differential stuck pipe. Mud weight during conventional
overbalance drilling must follow a number of
requirements in order to help with good control, borehole
cleaning, and wellbore stability. In addition to achieving
these requirements, the mud weight should not be
excessive to prevent loss of circulation or, worse yet,
formation fracture, both of which can have damaging
effects. Choosing the proper mud weight is especially
important in areas where the formation pressure is low
and/or the permeability is high because a high mud
weight can result in an excessive differential pressure,
which may cause differential sticking [11].

The amount of friction between the drill collars' steel
and the mud cake is the third factor in determining the
pull-out force. The friction force preventing the pull out
of the drill string is mostly caused by the friction between
the clay and the steel, as previously discussed because
there is very little friction between the water and the steel.
As the filtrate is forced out of the cake and into the
formation while the clay is still allowed to come into
contact with the steel, this becomes even more important.
As a result, when creating the drilling mud, it is important
to take the mud cake's solid content into account. The
more severe the sticking, the larger the percentage of
solids, and the higher the friction factor [11]. In a net
shell, Reid et al., [9] have observed that it is impossible to
predict the sticking potential from only one mud property,
hence testing techniques are necessary to determine the
sticking properties of various mud compositions. They
have found from their tests that gel water base mud
(WBM) has the highest sticking propensity value and oil
base mud (OBM) has the lowest. An intermediate sticking
tendency value was displayed by polymer (WBM).
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The sticking time must be taken into account because
the majority of the other factors impacting the severity of
sticking and the effectiveness of unsticking the pipe are
time-dependent [14]. As a result, generally speaking,
increasing the sticking time prior to spotting increases the
releasing period [15]. The creation and use of remediation
procedures aimed to mitigate these factors and handle
differential stuck pipe (DSP) occurrences must take this
into consideration.

Nazaneen and Ayad Abdul Alhaleem, [11] conducted a
study to analyze the occurrences of the stuck pipe in
Khabaz Qilfield. To investigate the issue of stuck pipes in
this oilfield, well Khabaz-34 was chosen. The graphing
analysis program Easy View was used to analyze stuck
pipe incidents. Eventually, they suggested using the right
kind of drilling mud with the right rheology
characteristics and optimizing the casing seat design to
minimize the likelihood of a stuck pipe.

5- Spotting fluids composition

For many years, the basis fluid for early spotting fluids
was petroleum oil (either crude or refined), diesel oil, or
kerosene. However, certain of these usages have been
restricted, particularly for diesel, due to environmental
concerns and new environmental laws. Over time, several
additives were employed in place of diesel, but many of
them were later found to be ineffective. Mineral oils were
then employed as an oil-based drilling mud after being
changed and processed to remove the poisonous and
aromatic components. No apparent changes in pipe
release times were found between low-toxicity mineral
oils and diesel oil, making them equally effective [16, 17].
Later, synthetic oil is paraffinic oil, specifically a group of
compounds known as poly-alpha-olefin, which contain no
aromatic compounds. This inverted emulsion fluid was
developed to show that it has the necessary fluid qualities
and a low level of toxicity to serve as the basis for
spotting fluids [18].

The seven major kinds of spotting fluids now in use are
brine, surfactants, lubricants, filter-cake degrading agents,
glycol, acid, and solvents. The filter cake is mostly
dehydrated and osmotic degraded using brine. It can be
used as a soak tablet to help the filter cake dehydrate, or it
can be quickly pumped around a stuck pipe to wash or
thin the cake [19, 20].

Surfactant pills are used in spotting in water-based mud
where lubricants or glycol pills are required to lubricate
the area around the sticking zone and reduce friction
between the drill pipe and the formation and the filter-
cake solids. To acquire more effective lubrication, they
must make sure the surface area of the stuck pipe zone is
wet with water. Surfactants are used to provide the base
mud low-water loss, low mud filtrate surface tension, thin
filter cake, and stable emulsion qualities, according to
Jardine et. al, [21].

More recently, some additives were introduced for use
in spotting fluids to perform exothermic reactions to
generate heat at the site of downhole application. This
fluid utilizes D-limonene as a base material for the

spotting fluid, and a thermal activator [2]. This concept of
utilizing heating to help free stuck pipes was observed by
Clark and Almquist, [10] when they noticed that the pipe
release time decreased as the temperature increased.

The use of spotting oil to conduct wetting action, wash
the water to lower the hydrostatic head, relieve the
differential pressure, and release the pipe is one of the
earliest remedial approaches. It was expected that the oil
may pass through the space between the drill collars and
the mud cake, lubricate or dehydrate the mud cake to
break its contact with the pipe, and then operate to
balance the pressure on each side of the pipe. The use of a
specialized spotting fluid requires quick and efficient
application in order to achieve freeing.

In reality, Reid, [9] has proven in their laboratory work
that spotting oil was able to diminish the forces caused by
the adhesion of the cake and steel as well as the sticking
forces caused by the pressure differential. By showing
that the time it takes to free the pipe was significantly
reduced with the use of spotting oil with added agent to
make it more oil-wetting, as well as by the use of a pipe
coated with a material that makes it gain more affection
for oil, they have furthered the theory of oil wetting
actions. Since then, other experimental procedures and
spotting fluid compositions have been created and applied
in the industry.

6- Testing and performance evaluation

Reid et al., [9] conducted laboratory experiments to
investigate  differential sticking and assess the
effectiveness of spotting fluids. The suggested techniques
involve measuring mud and mud filtrates directly. To
replicate the borehole conditions and create the mud cake,
they typically utilize one of two geometries: either a
cylinder or a flat mud cake. The former is thought to
simulate sticking in the borehole conditions more closely
and thus produce more accurate findings. While Balsie
et.al, [22] believed it to have a significant disadvantage by
preventing the filter area from growing over time, as it
would in the real scenario and which is a key component
of the phenomena. The other important factor in testing
methods is the direction of the freeing forces applied to
simulate the forces applied on the drill string in the field
during stuck pipe incidents. These forces are mainly
either axial by working the pipe along the vertical axis
(sliding), or rotational by applying torque or applying
radial pull. Temperature, pressure, and dynamic
circulation parameters can all be taken into account in the
testing in addition to the standard static conditions for
cake formation [22, 23].

As lubricity is a crucial component of the spotting fluid
used in stuck pipe incidents, it is one of the primary tests
done on spotting fluids. Two phases of the drilling mud
lubricity were the subject of testing protocols provided by
Tarhan and Faulk, [12]. The first is the lubricity qualities
test, which measures the film strength and lubricity
coefficient. The lubricity coefficient is the coefficient of
friction between a steel ring rotating under fluid pressure
and a metal surface. The film strength test, however, uses
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the same mechanism as the previous test to determine the
same measurements at extremely high pressures, with the
exception that the torque is much higher. The second
testing method Tarhan a Faulk, [12] described involved
measuring the torque necessary to release a steel disc that
was in contact with a filter cake using the Differential
Sticking Tester at various time intervals and filtration
intervals. It permits the formation of a filter cake and the
achievement of sticking, and after the extra mud has been
removed and a spotting fluid has been given time to soak
into the filter cake, it assesses the spotting fluid's
performance.

The software-driven methodology has been used to
create a novel test setup that allows for the performance
prediction of various spotting fluids [12]. This test device
also simulates the pipe/mud cake contact area using a
spherical shape and permits interaction between the mud
cake and the spotting fluid for soaking. The steel ball is
released by the device using an axial pulling force, and
the test results are then graphically presented on the
screen. When the axial pulling force reaches its
maximum, the test may be stopped.

Al-Mahdawi and Saad, [20] used the LTLP filter press
to assess the effectiveness of silicon oxide nanoparticles.
They discovered that increasing the concentration of
nanoparticles causes the amount of filtrate to decrease.

Measuring drilling parameters like overpull, downhole
torque, and surface torque involves a new set of
differential sticking assessment techniques. Several
published approaches suggest an integrated sticking pipe
monitor that, as the drill string moves, automatically
determines the friction forces and factors based on depth.
It makes use of the downhole weight on bit, surface and
downhole torque readings, and hook load. Additionally,
hole size and geometry are taken into account. And BHA
to calculate the values of the sliding and rotating friction
coefficients, which were tracked throughout all drilling
phases. Unless sticking is established, it is assumed in
these approaches that the friction factors are constant for a
particular drilling operation at a particular depth. Based
on this supposition, the approach can produce an alarm
for the drilling crew to help them identify stuck pipes
earlier [21, 22].

Hameed and Al. Haleem, [23] conducted laboratory
testing and evaluation for Tanuma formation by using
many methods as linear swelling meter (LSM) and
capillary section timer test (CST) to investigate the root
causes of its reactivity when it contacts with drilling mud.
They concluded that Tanuma formation is moderately
active shale and tends to disperse in the fluid, especially
with fresh water.

7- Diagnosis of stuck pipe mechanism

The identification of a stuck pipe problem involves
referencing Table 1, which is based on the pipe
movements and visual observations made by crew
members to determine whether the pipe has moved up or
down. The factors listed in Table 1 can be alternatively
referred to as symptoms of the stuck problem. Based on

these symptoms the type of stick can be identified [24,
25].

Table 1. Types of Stuck Pipe

Pipe Motion Pack-off Differential Mechanical
Prior to Sticking Sticking Sticking
Move up 2 0 2
Rotating up 0 0 2
Move down 1 0 2
Rotating down 0 0 2
Static 2 2 0
Pipe motion after

sticking

Down free 0 0 2
Down restricted 1 0 2
Down impossible 0 0 0
Pipe rotation after

sticking

Rotate free 0 0 2
Rotate restricted 2 0 2
Rotate impossible 0 0 0
Circulating

pressure after

sticking

Circulating not

restricted 0 2 2
Circulating

restricted 2 0 0
Circulating

impossible 0 0 0

By analyzing all surface indications, we can accurately
diagnose the type of stuck and implement appropriate
recovery techniques for each type of stuck [26, 27].

8- Mathematical computations
8.1. Stuck pipe depth

The stuck pipe depth can be calculated by following
equation [28]:
SPL = Pdps*Kfpt (1)

F

Where: SPL - Stuck pipe location (ft). Pdps - Stretch of
Drill Pipe (inch). Kfpt - Free-point constant. F - Force
applied to stretch the pipe (KlIb). The free point constant
(Kfpt) is given by:

Kpft = As * 2500 2)

Where: As is the pipe wall cross-sectional area (sq.
inch).

As = (ID? — 0D?) * 0.7854 3)

Where: ID is the inner diameter of the drill pipe in inches.
OD is the outer diameter of the drill pipe in inches.

8.2. Margin of overpull

By using the following equation, the margin of overpull
can be estimated [29]:

Margin of overpull = Ta — Th 4)
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Where: Ta — Maximum tensile strength (Ib) multiplied by
0.9. Th — Weight of string * buoyancy factor (Ib).

8.3. Buoyancy factor

The following equation is used to calculate the

buoyancy factor [30, 31]:

p mud

(5)

Buoyancy factor = 1- s steel

Where: p steel = 7.85 gm/cc.
9- Result and discussion
9.1. The problem

While drilling the 12 1/4” hole in well NR-A at a depth
of 2306 m in the Mishrif formation, the rate of penetration
(ROP) averaged 1.8 m/hr. As shown in Fig. 4., the torque
began to increase, and ROP gradually decrease. This
decrease in ROP is due to broken teeth of the bit, as
shown in Fig. 5, which is unable to drill the formation
rock. This led to an increase in torque, necessitating the
replacement of the bit with a new one. Then, the operator
increased the RPM and checked the mud properties.
However, when the torque remained at a high value, the
decision was made to pull out in order to replace the bit.
During the pull-out process to a depth of 1874 m and
while making a connection slowly, the string became
stuck after spending about 20 minutes’ time period.

ROP (m/hr)
1.55 1.65 1.75 1.85
2240 : : !

2250 -
2260 -
Depth
(m) 2270 -
2280
2290 -

2300 -

2310 -

Fig. 4. The rate of Penetration (ROP) as a function of
Depth for well NR-A in the Nahr Umr Qil Field

After analyzing Table 2 and Table 3, it is evident that
the high mud weight is resulting in the formation of mud
cake in the permeable zone which causes an increase in
filtrate. This problem must be treated by using materials

such as carboxy methyl cellulose (CMC) and polyanionic
cellulose (PAC) to prevent it from becoming difficult to
treat and potentially causing a differential stuck pipe. The
stuck pipe depth is 2271 m by using Eg. 1 as shown in
Table 4.

I—? 64MP ALQUAD CAMERA
Shot on realr 2 Pro

Fig. 5. Photo of 12 % Drill Bit Taken at the Surface

9.2. The treatment of the problem

The procedure to free the differential stuck pipe is:

a. Apply the maximum flow rate possible while taking
the efficiency of the pumps into account.

b. Work string up with over-pull gradually from 10 to
25 tons.

c. If the previous try failed to free the stuck, jar down
used to release the stuck pipe with (over pull 55
ton/slack off 35 ton). This operation was repeated
many times.

d. If the previous step failed to free the stuck, spotting 6
m3 of a friction-reducing fluid (stuck breaker +
diesel) and displaced by 3 m® water then 18 m*® mud
within the stuck zone to decrease the contact area
between the stuck pipe and formation, and waiting
for 6 hours to activate spotted fluid and then pull the
string with (over pull 60 ton/slack off 30) as shown in
Table 5, the string got released successfully.

Table 2. Actual Mud Properties

Hoz?rg'ze Ca5|(?r§;])8|ze Depth (m) Formation Mu(g n\]/X:ecl)ght M.F.V (sec) M%%ﬁ?ke
26 20 352 L-Fars 1.05 50 1
17% 133/8 805 Dammam 1.28 50 Ya
12 % 95/8 2634 Mauddud 1.3 55 Ya
81 7 3393 Ratawi 1.32 52 Ya
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Table 3. Pressure Values in Mishrif Formation

Depth Mud Weight (gm/cc) Formation Pressure (psi) Fracture Pressure (psi)  Hydrostatic Pressure (psi)
2306 13 4114 5340 4259
Table 4. Stuck Pipe Depth Estimations
Kfpt Pdps (in) Pull Force (K-Ib) SPL (ft) SPL (m)
13187.5 20 44.6 5913 1803
Table 5. Showing Margin Overpull Calculations

Dry String Steel Density Mud Density Buoyancy String Weight Ta (ton) Th (ton) Margin
Weight (ton)  (gm/cc) (gm/cc) Factor in Mud (ton) Overpull (ton)
66 7.85 13 0.83 55.07 110.63 55.07 55.56

Fig. 6 shows the effect of differential stuck pipe on the
total time of the well and how it leads to high cost and
time.

TIME(DAY)

0 W D W O W BT DD R MR 20 20 20 A M %
0 3 i i

o RLH 2" C3G TO DEPTH m

PRO.DEPTH 451 m
/ ACTUAL DEPTH 382 m
RLH 13 38~ CSG TODEPTH m

PRODEPTH 854 m

/ PRI

R.LH95/8" CSG TO DEPTH m.
PRO.DEPTH 2642 m
ACTUAL DEPTH 2634 m

[Depth
m

RILH7" CSGTO DEPTH m
PROTOTAL DEPTH 357 m
ACTUAL TOTAL DEPTH 3533 m

= -l

U0

300

Fig. 6. Drilling Time Curve

9.3. Mud cake thickness measurement

The filtration rate is typically the most crucial property
of a drilling fluid, especially when drilling permeable
formations where the hydrostatic pressure is higher than
the formation pressure. Filtration can increase borehole
stability in some cases and prevent or mitigate wall
sticking and drag. The results depict that the water base
mud can form a thick mud cake when using bentonite
leading to the problem of differential stuck pipe, when
adding oil to the mud found that it is possible to reduce
the mud cake which may assist in increasing the
likelihood of releasing the differential stuck as shown in
Fig. 7. Using filter press device at room temperature of
100 psi differential pressure to conduct mud cake test.

10- Gaps and future developments

The current stuck pipe assessment and forecast
approaches are still not accurate enough to be completely
beneficial in reducing drilling's nonproductive time. Such
systems' limitations include the requirement for well-
established, industry-specific trends as well as the fact
that their output is only as good as the input data, which is
frequently inaccurate on its own. In addition, the
measurement methods used to obtain measuring while
drilling (MWD) data are a substantial source of mistakes.

The relative error in the stuck pipe trends used to identify
sticking, and consequently the less-than-ideal accurate
stuck pipe incidents prediction percentage, can be
attributed to the fact that these tools are not always
consistent in a given field.

The fundamental limitation of the second set of
procedures for sticking assessment and spotting fluids
evaluation, which is based primarily in laboratories, is the
time factor. When a stuck pipe incident occurs, it is
impossible to send fluid samples to the lab in time for a
test to be completed. Testing a mud's propensity for
sticking and the performance of a spotting fluid in
advance won't always produce results that are beneficial
for the sticking situation when it actually occurs since the
actual drilling conditions may change significantly from
the intended conditions.

2 -
1.5 -
Mud !
Cake
0 _
0.3 oil 0.2 oil 0.1 oil

Fig. 7. Mud Cake Measurement with additional oil

The limitations in simulating the borehole geometry,
temperature, and pressure conditions are another
limitation of the current lab procedures. Additionally,
they are restricted to a subset of the force directions that
are applied to the drill string on the field. Simulating mud
flow conditions, whether static or dynamic, has
limitations as well. These elements influence the severity
of sticking and the success of spotting to unstick the pipe.
Therefore, these laboratory techniques restrict our
understanding of the relationships between the various
elements influencing the occurrence of sticking and the
efficiency of spotting fluids.
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11- Conclusions

Differential sticking is a common problem that occurs
during drilling operations that can cause damaging
accidents, lost time, and expenses. This problem happens
when the drilling string becomes stuck in the wellbore
due to two main factors: the adhesion forces between the
string and the mud cake, and differential pressure across
the mud cake preventing the drill string. There are two
basic classifications of differential sticking assessment:
the laboratory assessment based on torque measurements
and the real-time assessment based on MWD data.
Unrestricted circulation can be wused to identify
differential sticking during drilling when the pipe
becomes stuck but the string cannot be rotated or moved.
Finally, the principal method for treating differential
sticking is spotting fluids, particularly when jarring and
torquing up are insufficient to release the pipe.

Abbreviation

BHA: Bottom hole assembly
DSP:  Differential stuck pipe
HWDP: Heavy-weight drill pipe
MWD: Measuring while drilling

NPT:  Non-productive time
OBM: OQil base mud

WBM: Water base mud
WOB: Weight on bit
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