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• Unconsolidated lithologies such as 
sand and gravel that can collapse into the 
well-bore

• Poor hydraulics and the inability to 
properly remove cuttings in any hole 
section
(vertical, curve and lateral)

• Differential pressures across a 
permeable zone that can hold the pipe 
tightly against the hole wall

• Hygroscopic lithologies like shale 
that can absorb water and swell once they 
are re-hydrated

• Plastic lithologies such as salt that 
can flow under pressure and slowly close 
the well-bore annular space issue.

Case Study # 14 Real-time Stuck Pipe Prediction

About the Client 

A North American, unconventional shale Operator 
was troubled by stuck pipe in the 8.5” diameter 
lateral hole section.  Stuck pipe events were adding 
days to the Days vs. Depth curves at a time when it 
was necessary to drive that metric to fewer days, not 
more.  An effort to predict and avoid stuck pipe was 
undertaken to mitigate time lost to this 

There are multiple scenarios that can lead to stuck 
drill pipe which include:

Summary

• Maintaining sufficient flow
rates and mud rheology are excellent
stuck pipe preventers

• Indices that compare predicted
surface torque with and without the
effect of cuttings can be a good
indicator of pipe-sticking conditions

• Very high rates of penetration
in horizontal well-bores put
themselves in a category of high risk of
sticking when sound drilling practices
are ignored

• Annular velocities and the ratio
of hole size/drill pipe size can also play
a role in how easily pipe can get stuck
in laterals

• ML can point to stuck pipe
incidents when trained to identify
trends in a field and are formation
specific

• Had the Operator used the ML
output to quickly identify the
likelihood of a stuck pipe event, a
savings of > $350,000 could have been
realized!



Real-time Stuck Pipe Risk Index (SPRI) Analysis

For this study, the stuck pipe events were classified into two categories;

1 - hole cleaning related stuck pipe incidents
2 – mechanically stuck pipe incidents e.g. key-seat 

In a real-time stuck pipe risk prediction application, two separate risk indices are generated by 
analyzing surface torque data from three different sources:

• Predicted surface torque considering cuttings effects
• Predicted surface torque without considering cuttings
• Off-bottom (free) rotational surface torque

The hole cleaning value is obtained by comparing and calculating the difference between the 
predicted surface torque considering the effects of cuttings and the predicted surface torque 
without cuttings consideration. Thus, the Mechanical Sticking Risk Index (MSRI) is obtained by 
comparing the difference between the predicted torque considering the effect of cuttings and the 
measured off-bottom rotational torque minus cuttings effects.
Reference the work-flow below…

Insufficient hole cleaning plays a critical role in stuck pipe events. Monitoring of the dynamic 
cuttings transport efficiency in real-time are indicators to support prediction of the sticking risk. To 
model this, an additional force from the cuttings bed in a lateral section is added to the standard 
torque and drag model. 

This model utilizes the traditional soft string approach with hole cleaning/cuttings bed predictions 
resulting from a dynamic hydraulics flow simulation. The ratio between the normalized cuttings bed 
height and the increased surface torque approximates an exponential function. 

To be sure, a number of parameters can change in practical drilling applications compared to a 
controlled test. So, to make our model more applicable to a broader range of drilling scenarios, ML 
(machine learning) methods were used to train the model with historical offset data and then apply 
the trained model to similar situations.  

We quickly found that the Random Forest and Ensemble Kalman Filter (EnKF) approaches were best 
to “tune” the model and by using these techniques, this model can accurately function between the 
forecast process and update process. During the forecast process, the state of the system is updated 
by solving the torque and drag model.

Challenge



Results

In this study, we will focus on quantifying the cuttings bed build-up and how this can be managed 
to provide a predictive warning that sticking is imminent and action is required immediately. 
During drilling the 8.5” lateral the drill-pipe got stuck after drilling only 6 hours. This stuck pipe 
event occurred in the horizontal section of the wellbore at an inclination of 88° at approximately 
13,000’ MD. The wellbore trajectory and RiMo BHA details are shown below.

Figure 1: Stuck Pipe Prediction Model



Figure 2 shows the drilling log as a function of bit depth (MD) with the highlighted (problematic) 
section of the hole. At approximately 13,000’ MD, the torque values increased while the WOB 
decreased, indicating the initiation of sticking. There were no changes in lithology anticipated in 
this section and the changes in the surface parameters went unnoticed by the crew.  As drilling 
continued, they were able to make another 1,000’ of 8.5” hole before the pipe was irretrievably 
stuck.

Figure 3: Torque Prediction as a function of bit depth

Figure 2: Surface parameter output plotted vs. Bit Depth (MD) 

The section where the pipe got stuck occurred with 5”, 4:5 lobe motor with a 1° fixed bend angle. The 
target (surface) WOB was approximately 20k-lbs, string RPM of 65 and motor RPM of 280.  Flow 
rate was approximately 400 GPM with a water-based drilling mud. 



Figure 4: Stuck Pipe risk indices

The stuck pipe prediction model was run as a post-drill analysis to evaluate effectiveness. The measured 
torque versus bit depth is shown in Figure 3. The prediction model prediction of torque without the 
cuttings effect and with cuttings effect are also shown. The torque and drag results with cuttings effect 
considered shows better fitting. The risk indices during the 2 hours before the incident is illustrated in 
Figure 4 below. The hole-cleaning-related stuck pipe index was already at 0.5 at 12:00 o’clock and it 
increased to > 0.7 before the sticking incident. 

At that time, the ROP was approximately 330 Ft/Hr which generates a relatively high volume of 
cuttings per unit time. The annulus was not kept sufficiently clean of debris during drilling process 
which allowed a bed to develop on the low side of the bore. 

Before 12:30, the risk index caused by mechanical events was at very low level (between 0.2 and 0.3) 
which indicated there were no other major factors which may have influenced the pipe to stick. With 
the gradual change in surface torque and WOB values, the mechanical risk index increased to > 0.9 
which represents an increased risk of a stuck pipe occurrence. 

Ready to move mountains? 
Talk to us now!
MindMesh Inc. ▪  (713) 489-7798 ▪ connect@mindmeshtech.com
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