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Abstract

As the oil and gas industry is pushing to drill deeper depths, several new challenges arise. One challenge is evaluating the effect of deviation from vertical, particularly  in the shallow sections of a deep well. This can cause unintended high side forces and/or extreme forces on the drillpipe. Either case  can easily result in severely worn casing and/or drillstring failure.

Successfully evaluating the effect of a high string weight coupled with wellbore tortuosity often can be complex due to the number of scenarios and drillstring configurations that need to be reviewed to assess the best overall combination for the well to be drilled. This problem is particularly common in deep and complex wells greater  than 30,000-ft total depth (TD). In these wells, tortuosity and deviations from the plan in the  upper sections will reduce the probability of getting to TD of the well.  This paper describes a matrix-based approach that was adopted to improve the speed and quality of the drillstring torque and drag analysis for deep-deepwater wells in the Gulf of Mexico.
Introduction

In recent years, several deepwater Gulf of Mexico wells have been drilled to depths of 30,000 ft or more, often pushing the limits of traditional offshore rig hook-load capacity.

Absolute verticality under these circumstances cannot be completely guaranteed. However, reasonable verticality can be maintained through the use of rotary steerable techniques without compromising penetration rate. Even under reasonable verticality, deep wells often require heavy drillstrings that can incur high side loading, resulting with high string torque that leads to serious risk of wearing a hole in the drillpipe and/or casing or parting of the drillstring. 
Traditionally  in these scenarios, several iterations were required to be run to compare different drillstring configurations, drillstring motions (i.e., tripping in, tripping out, with or without rotation, and rotating on bottom), and different degrees of unintended wellbore deviation. Often, the simulations run in the well-planning phase often created  many different results that were difficult to properly analyze as no single-drill- string configuration would meet the perfect design criteria. Often one or more elements of the desired design criteria  might be compromised.

The matrix sensitivity methodology described in this paper helps identify a good practice  to assess the torque, drag, and side-loading risks that  can occur in deep wells with potential unintended deviation from vertical.  This practice helps to identify when a rotary steerable  might become necessary to avoid the adverse effect of deviation from verticality.

Method

A side-force comparison matrix was developed for  a single deepwater well design project in the Gulf of Mexico. A sensitivity analysis was performed for the project at each of the first three casing points. Multiple well plan variations were simulated at each casing point with an increment in dogleg and inclination at a specific casing point simulating a deviation from the well plan. The results were populated to a matrix to show the limits of the side force that were within the acceptable criteria at each casing point. This could be extended for torque, over pull, stresses, slip crushing, or other variables that need to be analyzed. The method allows an engineer to visualize the limits that will be present when the actual well path strays from the well plan and how much stray can be tolerated. Decisions can be made in advance based on the different possible scenarios in real time without having to run the analysis again, saving time and costs. 

Multiple Well Plans

The success of the analysis not only depends on  understanding  the different variables but also on the creation of the different well plans. The goal here is to recreate the same well plan while  simulating a  deviation from the original plan  but keeping all other variables constant. The well plot in Fig. 1 shows the different deviations from vertical within a 36-in. conductor casing for a typical Gulf of Mexico deepwater well. The distance of the deviation depends on the inclination and the dogleg severity (DLS) for that specific plan.

[image: image2.png]TVD Scale = 1(r):B000(ft)

6000

12000

18000

20000

30000

36000

o 1000 2000
ertical Serfinn M Azir=180° Seale = 1nk NN Orinin= 1 NG

=




Fig. 1—Vertical section  well plan (36-in. casing scenario) 
Tortuosity

Tortuosity should always be considered in a well plan torque and drag analysis. These numbers are best calculated from offset data, although they depend on accurate high-resolution survey data. Other variables  can affect the tortuousity used such as the tools that are chosen to deviate the  hole. For example, a rotary steerable tool will have lower tortuosity than a motor. The tangent section and vertical section will have different tortuousity for the same tool. Offset data ( surveys) should  be  examined first. 

The tortuosity is generated and added to the well plan. In most of the simulations performed, the independent inclination-azimuth method was used. It is not uncommon to have a rotary steerable in a vertical well that can give an average of 0.3(  every 100 ft, whereas a motor will give 0.75(  every 100 ft.
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Fig. 2—Example of  tortuosity inputs

Side Forces

Side forces calculated in the planning stage of the well can determine the well plan design, the casing selection, the directional tools, and many other indirect variables. A well with 10,000 ft-lbf/30 ft of side force at 10,000-ft measured depth (MD) with a TD of 15,000 ft MD will have a different result when compared  with a well  having 10,000 ft-lbf/30 ft of side force at 10,000 ft MD with TD of 34,000 ft. It is important to understand the differences and the effects of each of these  when making planning decisions. For the side forces matrix, acceptable limits can be set for values below 2,000 lbf / 30 ft. 
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Table 1—Side force matrix for different casing sizes and depths

In Table 1, each entry represents a separate well plan with an inclination in the range 1 to 5(  and a DLS in the range 0.25(/100 ft to 1.5(/100 ft. The increment depends on the depth and well profile.  In this example, the deeper casing points have less effect on the side forces at that point at TD than the shallower casing points.

Pipe Stresses

The same matrix model can also be used to analyze the von Misses stress on the drillpipe. This example considers tripping and/or reaming out with 150k-lbf overpull.
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Table 2—Stress matrix 

This matrix is usually modified for different drillstring designs and the final design is  then presented. In this case, a tapered design was chosen to  reach TD. The maximum stress across the component is recorded for each hole section. Due to the high stress incurred, a secondary simulation was run without rotation (slide-out overpull). There is a general limit not to exceed 80% of the stress yield for the drilling element while in overpull scenarios. 

In the previous example,  there is an increase in the stresses across the 5-7/8-in. drillpipe for each of the ream-out cases. Based on these results,  it was recommended not to rotate while pulling out.

Case Study

Fig. 3 shows the actual surveys taken while drilling a deepwater well in the Gulf of Mexico. This well was planned to depths in excess of 34,000 ft. As  shown in Fig. 3,  the wellbore inclination built unintentionally from vertical to 1.79(  due to a strong formation behavior.  In this example, concern was raised about the deviation from vertical and further evaluation was made.
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Table 3—Surveys ( prior to reaming) 

 This well was planned with an 18.125 x 21-in. section below the 22-in.  casing shoe. In this situation, it is normal to continue drilling. An analysis would be requested but drilling will not stop to wait on it.  Because the matrix-based sensitivity had been prepared in advance, a quick deduction could be made  that the excessive side loading would  exceed the intended limits and a decision had to be made quickly to remedy the side-loading effect.  Two options were considered:  run a heavier 14 in. casing instead of the planned 13-5/8-in across the area of the deviation., or  run casing protectors on the drillstring to alleviate the wear and stresses caused by the high side loading over this interval.

Additionally, the drilling team decided to ream the section slowly to the bottom to “cut” some of the deviation angle before drilling ahead. This was possible as the reamer was still above the area of concern. 
Surveys  taken after reaming showed the well inclination had been reduced by 0.11(  inclination to 1.68 (. Fig. 3  shows and compares the pre-ream and post-ream surveys.
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Fig. 3—Survey comparison 
Although the angle was not reduced significantly, it was found that the resulting side-force comparison between the preream and postream surveys was  sufficient to result in a significant change in magnitude. The side forces were the main concern at this time as the profile of this specific well was not affected by the increase in DLS and inclination. Further simulations were made of the problems that the unintended deviation from vertical would make to support the matrix result that had been developed during the planning phase of the well. 

Fig. 4 and Fig. 5 shows the side-force plots of the hole before and after reaming.  The matrix readily showed that there would be a problem with this DLS and inclination and encouraged the engineer to investigate the problem. It will not be clear from the matrix how much reduction in DLS is required to obtain a given result unless the sensitivity increment is sufficiently small  to show that result. that the reduction was calculated after the reaming with the postream surveys. In this case, a 0.25 DLS increment and 1(  are too large to detect an exact result.
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Table 4—Surveys ( after reaming) 
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Fig. 4—Side forces before reaming. (Lower plot is an expanded scale showing  the interval of interest.) 
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Fig. 5—Side forces after reaming. (Lower plot is on an expanded scale showing  the interval of interest). 
At the inflection point, the maximum side force is 5.2 kft-lbf/30 ft. The figure above shows the side forces calculated after reaming the hole. 
After reaming the hole, the side forces were reduced to 2.6 ft-lbf/30 ft due to the reduction in the DLS. This represented a significant decrease in the casing wear. These plots show the side forces at  TD for the well. It was evident that the time spent working on the hole before drilling ahead was worthwhile. This would not have been possible if that decision  had not been made in time. If drilling continued immediately, the hole would have been enlarged by the reamer and made considerably more difficult to reduce the dogleg thereafter.

While it might be possible to drill  a shallow well without the need to consider the effect, in deeper wells in deep water, this could be the difference between getting to TD and having to stop short. In this case, it meant ensuring the production life of the well and maintaining the correct burst and collapse pressures. 

Conclusion

The torque-drag and side-loading matrix sensitivity comparison method is a simple way to compare different scenarios of the wellbore deviation for different drillstrings that otherwise would take significant time and effort to compare and review. It is recommend that a matrix-type representation of the torque and drag output result  be created for wells deeper than 30,000 ft or wells that  might have limited resources and  be drilled at the limits of the available pipe. This should be included in any well planning technical proposal, and possibly integrated into the final drilling program.

The method provides a proficient illustration for drillers to understand the effect of deviation in deep wells. It also provides a quick tool  for notifying  the drilling team of risks should the well deviate while being drilled  without having to spend time rerunning multiple torque and drag simulations.

This method can also be translated to many other areas of planning. For example, in one instance, an operator drilled into a tar zone.  Because a side track was required, further analysis was needed to estimate the distance away from the tar that could be achieved and still hit the target. A similar matrix method was employed  to show the variation in DLS and inclination required to hit the targets. Real-time decisions were then made using the analysis as the well progressed and surveys were taken.

More wells are likely to be drilled in over 7,000 ft of water depth to total depths of over 30,000 ft.. These wells require special attention and more planning time.  It is becoming a priority to work efficiently and use available resources. The matrix analysis has proven to be a useful tool for helping to achieve these objectives.
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SI Metric Conversion Factors

ft × 3.048* E-01 = m

in. × 2.54* E+00 = cm

lbm/gal × 1.198 E+02 = kg/m3

lbm/gal × 1.198 E-01 = kg/L

*Conversion factor is exact.
Page 1 of 4
Page 4 of 4 

