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During drilling operations, cutting removal in deviated and vertical wells is one of
the most significant challenges. It can cause high torque and drag, mud circulation
loss, casing installation difficulties, poor cementing operations, and mechanical
pipe sticking. These challenges can potentially increase non-productive time
(NPT) and well costs. This study utilized Well Plan™ software to establish a hole-
cleaning model for a specific well situated in the southern Iraqgi oilfield. Thus, the
minimum flow rate and cutting bed height necessary to ensure efficient cutting
transportation from the borehole were calculated, resulting in the elimination or
reduction of the mechanical pipe sticking problem. Subsequently, the influence of
the drilling parameters on the removal of cuttings was examined by determining
the minimum flow rate. The study's findings indicate that there is a direct
relationship between the minimum flow rate and certain drilling parameters, i.e.,
plastic viscosity, penetration rate, well inclination, and cutting density. While
inverse relationship with other parameters, i.e., yield point, drilling mud weight,
and rotation speed of drill string. Additionally, the minimum flow rate that is
obtained from Well Plan™ software is greater than the actual flow rate. For
instance, during the run-in hole where pipe stuck occurs in the Tanuma Formation,
the actual flow rate was 713 gpm, while the minimum flow rate and the cutting
bed height that are calculated from this model are 970 gpm and 1.77" respectively.
Ultimately, the research findings can be utilized to financially support upcoming
drilling operations in the surrounding area of the study.
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1. Introduction

One of the most prevalent and complicated topics in drilling operations is cutting removal. It
must be carefully monitored and managed during the well drilling operation. The drill cuttings are
formed when the drill bit smashes the rock formation. Therefore, drilling mud circulation is an
important aspect of the drilling operations. It is pumped into pipes and then returned through the
annulus for cuttings transportation to surface facilities. The ability of drilling mud to transfer
cuttings is referred to as a system's carrying capacity [1]. Improper hole cleaning and cutting bed
accumulation can contribute to many drilling problems, especially when the minimum hydraulic
requirements are not achieved. These issues include high torque and drag, poor cement job, lost
mud circulation, difficulties running casing, and mechanical pipe sticking [2], [3]. The significant
cuttings settling in the annulus may be the cause of these issues. In order to successfully drill
directional and horizontal wells, hole cleaning is essential [4].

Cuttings and caves in deviated wells drop to the lower side of the hole, generating strata known
as solid beds or cutting beds. As a result, the solid bed traps the drill string. Major factors that
influence cutting removal in deviated wellbores, i.e., eccentricity, hole diameter, drill string
diameter, hole angle, mean particle diameter, particle size distribution, particle shape, mud
property, and operational variables. Incorporating all of these factors and their implications into a
comprehensive mathematical model poses a significant and arduous issue[5], [6]. Moreover, many

cutting removal case studies were first done in applications relating to vertical wells. The most
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essential factors that affect the wellbore cleaning in these case studies are the settling velocity,
annular fluid velocity, and penetration rate [7]-[9]. Additionally, several researchers have
conducted experiments to determine the factors influencing hole cleaning in horizontal and
inclined wells. They concluded that hole cleaning effectiveness is influenced by drill pipe rotation,
temperature, and the rheological qualities of the drilling mud [10]-[13]. Consequently, the
challenge of cutting removal is substantially more problematic in inclined wells than in vertical
wells [14].

Mechanical pipe sticking problems may be produced by an increase in cuttings collection in
the annular area as a result of improper hole cleaning, particularly in deviated well drilling, when
a stationary cuttings bed can form on the borehole's low side [15]. In this study, a mathematical
model (hole cleaning model) was developed employing the Well Plan™ software. This model is
based on the examination of the drilling parameters that influence cutting transport (i.e., plastic
viscosity (PV), rate of penetration (ROP), well angle, yield point (YP), drill string rotation speed
(RPM), mud weight (MW), and cutting size and density). Also, it may be utilized to calculate the
minimum fluid flow rate necessary to avoid stationary cutting beds from forming through a
deviated drilling operation and to study the impact of cutting transport on pipe sticking problems
that occurred in one of the selected Iraqi oil fields through the different operations wells to

minimize the cost and time.

2. Methodology
2.1. Area of Study

This study employed a field case in southern Irag to address the issue of mechanical pipe sticking
during drilling operations by identifying the optimum drilling flow rate that is required to remove
the drill cutting effectively from the wellbore to the surface. The geologic column that includes
many lIraqi oilfields spans from the Tertiary to the Upper Jurassic Ages, specifically extending
from the Dibdiba Formation to the bottom of the Sulaiy Formation, as depicted in Figure (1). The
composition primarily consists of substantial carbonate strata interlaced with clastic rocks. The
Nahr Umr Formation (shale black), the Mishrif Formation (carbonate), and the Zubair Formation
(clastic) are all important oil reservoirs in the southern Iraqi oilfield. Together, they hold large
amounts of hydrocarbons that mostly come from the Cretaceous Period [16]. The investigation
concentrated on the problematic section, i.e., the intermediate hole section (12.25") that spans from

the Sadi to Shuaiba strata, as illustrated in Figure (1).

36



Journal of Petroleum Research and Studies Vol. 15. No. 04, December 2025, pp. 34-45

Age Formation |"2"

TERTIARY

NN NN

CRETACEOUS
Pl
z
z
]

Zubair X B

Najmah
Naokelekan

i

BAJOCIAN| Sargelu

Fig. (1): Geological column of the southern Iraqi oilfields [17].

2.2. Statement of the Problem

Several well-related problems occurred during the drilling operation in the southern Iraqi oilfield.
One of the challenges is mechanical pipe sticking, which arises from insufficient hole cleaning and
borehole instability. Hence, the expenses and non-productive time (NPT) associated with drilling
the wells will escalate. The area of interest in this investigation was the intermediate hole (section
12.25") that extended from the Sadi Formation to the top of the Shuaiba Formation (i.e., from 1850
to 3150 m), which exhibited very tricky and challenging intervals. An examination of the data's
time distribution revealed that the duration required to drill section 12.25" accounted for
approximately 28% of the total time, Figure (2). Approximately 20% of the total time (28%)
allocated for drilling this hole section was squandered due to the NPT associated with the wellbore
instability problems (i.e., tight hole, shale caving, loss mud circulation, and stuck pipe). While
80% of the total consumed time is attributed to the drilling time, tripping, well logs, etc.

Furthermore, these issues can result in hole collapse, shale caving, inadequate hole cleaning, and
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tight spots, which can lead to drill string sticking. Therefore, the motivation behind this study was
to mitigate the issue of mechanical pipe sticking.
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Fig. (2): Time distribution for drilling each section.

2.3. Hole Cleaning Model (Well Plan™ Software Model)
The Well Plan™ software model is one of the landmark programs of Halliburton Company. It is
employed to determine the minimum fluid flow rate necessary to avoid stationary cutting beds
during a deviated drilling operation. Additionally, it can analyze several drilling parameters, such
as flow rate, fluid density, fluid viscosity, drill string rotation speed, hole inclination, rate of
penetration, and cutting characteristics. Then, using this model, it is possible to examine the impact
of these variables on the minimum flow rate. Figure (3) illustrates the input parameters that should
be used to construct the hole cleaning model using Well Plan™ software, i.e., calculate the

minimum flow rate and cutting bed height, thus achieving the best cutting transportation.

The design of the drill string and the geometry of the wellbore that was used to drill the well
(section12.25”) were established utilizing Well Plan™ software, as depicted in Figures (4) and (5),
respectively. The total depth of this well is 2762m, and it's drilled to the Mishrif formation with a
maximum inclination of 57.47°. The section 12.25” of this wellbore is drilled to 2442m with an
inclination angle of 56.12°.
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Fig. (4): Actual wellbore geometry section 12.25”.
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Fig. (5): Configuration of the drill string section 12.25”.

3. Results and Discussion

The minimum flow rate and cutting bed height of the borehole (12.25™) for one well located in a
south Iraqi oilfield were computed using the Well Plan™ software to ensure effective hole
cleaning. The data for the input field through the pull-out of the hole (POOH) and run-in hole
(RIH) are presented in Table (1). Additionally, the results of the minimum flow rate calculation
for this well section 12.25" are also included in this table.

Many tight spots and instances of stuckness and slippage were detected at varying depths,
exhibiting a range of overpull values ranging from 10 to 15 tons. For example, at depth 2387m
(Tanuma formation), the drill string got stuck during RIH with reaming down and pumped out
operation. This is due to the nature of the Tanuma formation, which consisted of shale (grysh olv
grn, grysh grn, frm to sltly hp, fissl to sbfissl, sbbik, non-calc, and spintry), which is exposed to
drilling fluid for a long period, thus the hole caving happened and a subsequent mechanical pipe
sticking problem occurred. Moreover, upon conducting a comparison between the actual flow rate
and the minimum flow rate that determined through the utilization of the well plan software, it was
discovered that the value of the minimum flow rate (970 gpm) exceeded the actual flow rate (713
gpm). Simultaneously, the cutting bed height was measured to be 1.77 inches during the RIH
operation. It is worth mentioning that, at the same depth, the actual flow rate observed during the
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drilling operation was 792 gpm, which falls below the minimum flow rate determined by the well
plan software, which was 928 gpm. Additionally, the cutting bed height was measured to be 1.19
inches.

Ultimately, the most effective hole cleaning occurs when the actual flow rate exceeds the minimum
flow rate. In this investigation, a comparison was conducted between the minimal flow rate derived
from the well plan software and the actual flow rate observed during operation, and the findings
indicated that the observed flow rate is lower than the minimum flow rate. Consequently, the

occurrence of mechanical pipe sticking may occur under these conditions at any time.

Table (1): Presents the field data and results for the minimum flow rate and cutting bed height in section

12.25".
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POOH with back reaming & pump out
Sadi 2045 298 1043 24 18 90 35 271 0245 634 730 156
Sadi 2035 293 1043 24 18 90 35 271 0.245 634 725 1.5 Tight
Sadi 2026 287 1043 24 18 90 35 271 0.245 634 722 146 s otgand
Sadi 2015 283 1043 24 18 90 35 271 0245 634 718 141 Stuck&
Sadi 2006 28 1043 24 18 90 35 271 0245 634 715 137 i
Sadi 1993 275 1043 24 18 90 35 271 0.245 634 711 132 P
Sadi 1933 265 1043 24 18 90 35 271 0.245 634 700 1.16
RIH with reaming down & pump out
k
Tanuma 2387 5597 1043 24 18 60 35 26 0245 713 970 177 S;rpce

Drilling operation
Sadi 2045 298 985 23 17 80 6.2 271 0245 766 809 0.71
Sadi 2035 293 985 23 17 80 6.2 271 0245 766 797 0.54
Sadi 2026 287 985 23 17 80 6.2 271 0245 766 793 0.49
Sadi 2015 283 985 23 17 80 6.2 271 0245 766 788 0.43
Sadi 2006 28 985 23 17 80 6.2 271 0245 766 785 0.38
Sadi 1993 275 985 23 17 80 6.2 271 0245 766 779 0.3
Sadi 1933 265 985 22 15 60 6 271 0245 740 766 0.5
Tanuma 2387 5597 1043 24 18 90 45 26 0245 792 928 119
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Regarding the investigation of the impact of the drilling parameters on hole cleaning through the
utilization of the Well Plan™ software model, as shown in Table (2). In this case, an investigation
is being conducted to analyze how different variables impact the efficiency of cutting transport.
This is achieved by estimating the minimum flow rates while altering the drilling parameters. Let's
consider a scenario where there are three data points at a specific depth for section 12.25" and
examine the impact of the drilling parameters on hole cleaning by changing one parameter while

maintaining the others constant, followed by calculating the minimum flow rate.

Table (2): Presents all the input data used to study the effect of the drilling parameters on hole cleaning.

Minimum
hole Fluid YP Cutting . flow rate
I(Vrig size  Angle density (Ib/100 (IZV) RPM (:?1%':) density g;;t(llr;]g) (gpm) by
(in) (ppY) ft?) P (gm/cc) Well plan
software
2250 1225 30 10 25 18 60 8 2.7 0.245 v
2250 1225 30 10 25 18 60 8 2.7 0.245 v
2250 1225 30 10 25 18 60 8 2.7 0.245 v

This section focused on discussing the impact of fluid density, whereas the results for other drilling

parameters were presented in Figure (6).

Drilling mud weight or density (MW) is essential to maintaining the wellbore stable enough to
prevent breakout and breakdown failures. The proper fluid density that is utilized in the drilling
operation should be selected carefully. So, the wrong selection of fluid density may lead to
excessive cutting collection, which can cause the pipe sticking problem, as well as excessive torque
and drag. As illustrated in Figure (6), the value of the minimum flow rate will increase as the MW
decreases; on the other hand, at 2250 m measured depth (MD), three valves of MW were selected,
i.e., 10, 10.4, and 10.8 ppg, and the values of the minimum flow rate were 814, 783, and 753 gpm,
respectively. Moreover, as the fluid density decreases, the hole-cleaning problem will increase.
Increasing mud weight, annular velocity, and drill pipe rotation, as well as, if possible, decreasing

hole angle, will reduce the number of cutting beds.
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Fig. (6): Shows the relationship between drilling parameters and minimum flowrate.

4. Conclusions

After evaluating the data for one of the Iraqi oilfields and conducting the necessary computations,

the following findings have been derived:

e The mechanical pipe sticking issues might arise because the minimum flow rate that was
calculated using the Well Plan™ software model is higher than the wells' actual flow rate.

e In order to obtain optimal hole cleaning and eliminate hole issues, especially mechanical pipe
sticking issues, the actual flow rate should be higher than the minimal flow rate. This will
minimize the cost and time of drilling wells.

e The Well Plan™ software is suitable for field use due to its ability to generate precise
outcomes.

e To avoid the occurrence of mechanical pipe sticking while conducting directional drilling, it is
necessary to increase the flow rate, especially as the well's inclination becomes higher.

e Maintaining the highest possible density of the drilling fluid while avoiding fracturing the
formation is an essential step in the drilling process. It reduces both the rate at which the
cuttings are lifted to the surface and the height of the cuttings bed in the well.

e Well inclination and fluid density are considered major parameters for affecting hole cleaning
or cutting removal.

e The values of other parameters, such as mud rheology (YP, PV), drill string rotation speed,

penetration rate, and cutting density, have an impact on flow rate values.
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¢ In this study, the cutting size was unaffected by the computed minimum flow rate.
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