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Abstract

The North American gulf coast offshore continental basin was formed in late-middle to early-upper Jurassic geologic period and contains the largest known deposits of salt in the world. The salt encountered in this region is relatively soft, with very low permeability and porosity, and has the ability to deform under temperature and pressure. Deepwater drilling in the Gulf of Mexico (GoM) means drilling salt and subsalt sediments. Drilling salt in different regions requires different drilling practices and challenges. For instance, most of the salt and subsalt sections in the GoM involve hole opening devices while drilling for a variety of reasons, such as equivalent circulation density (ECD) management, reduction of salt creep to ensure casing to bottom, reduction of cementing pressures, etc.

The petroleum industry is continually pushing to drill longer, faster, and safer sections; salt and subsalt drilling is no exception to this philosophy. Holes have been enlarged with concentric underreamers in many wells in the GoM.  However, over 20% of all the underreaming runs evaluated between 2004 and 2005 had a possible negative impact on bottomhole assembly (BHA) performance from inadequate enlarging or underreaming practices.

This paper summarizes the analysis of the evolution of different practices for hole-opening devices while drilling in the North American GoM and recommends a set of practices that has proven successful during drilling to yield optimal salt and subsalt drilling performance.

Introduction

The definition of deep water varies slightly depending on the source of the analysis. The Minerals Management Service (MMS), a bureau in the US Department of the Interior, defines deep water as between 1,000 ft and 5,000 ft and ultradeep water as more than 5,000 ft. The choice of 1,000 ft coincides with the generally considered maximum depth of operation for fixed-leg or jackup platforms. Thus deep water can be defined as the market that requires floating drilling rigs, drillships, or semisubmersibles.

A typical deepwater well in the GoM can reach depths beyond 30,000 ft below mean sea level in water depths of approximately 6,000 ft. Of the 24,000 ft of total formation drilled, a typical salt section would range from 10,000 ft to 15,000 ft, which means that more than half the length of the well would be salt drilling.

The success of any BHA is often dependent on the bit and underreamer types run with the assembly. In many areas the operator has the final choice of these, and the initial judgment is based on performance data provided by these vendors.

Bit and underreamer companies often focus the success of their runs on how fast their tool drilled and the section length drilled, often leaving out critical factors such as the stability of the bit and underreamer, directional capability, underreamer durability, and weight on bit/underreamer (WOB/WOR) balance, especially if the bit and underreamer have different design characteristics such those coming form different vendors. Operators often select bits and underreamers based on the vendor’s relationship and legal agreements.

BHA success needs to be measured as a system; no longer is the degree of success of an individual component in a drilling run a valid yardstick, as it does not determine the success in achieving the run objectives without having component failures or drilling-related nonproductive time (NPT).

We analyzed a tracking system to see how the concentric underreaming BHA/system performed, taking into account factors like bit/underreamer size, bit/underreamer cutting structure/size, rate of penetration (ROP), bit rotation (RPM), weight on bit/underreamer (WOB/WOR),  torque at the bit/underreamer (TqOB, TqOR), shocks and vibrations (S&V), stick and slip (S&S), steerability, formation drilled, well profile, etc.

The analysis provided a large overview of current tools for concentric underreaming (Fig. 1) and the strengths, weaknesses, challenges and upcoming technology for the largest market shareholders in the underreaming arena in the GoM. The study does not contain recommendations on what underreamer vendor to use but a set of guidelines to assist in the underreamer selection process.

[image: image2.emf]
Fig. 1–Most common concentric underreamers/cutting structure run in GoM. Photos courtesy of Smith International, National Oilwell Varco Borehole Enlargement, Halliburton, Hughes Christensen, and TRI-MAX Industries.

Underreaming General Challenges

Once the decision has been taken to enlarge the hole while drilling, the operator, the underreamer vendor, and the drilling services company need to work together to assess all the different risks and challenges the system will face. The operator’s concerns primarily rest in the borehole condition to successfully set casing. Common concerns will include:

· Whether the run will drill across salt or not, or if shale instability could be a risk factor.

· Whether the presence of bitumen, widely known as tar, could impact the objectives, or whether salt creeps or inclusions could be faced in the salt section or base, or whether overburden gradients might affect salt entry and exit.

· How much of a rat hole will be present at the end of the run.

The underreamer vendor will have great interest in tool specifics, like cutter technology or block design, while the drilling services company will be more concerned about underreamer stabilization and well profile.

All these risks will concern all three companies to one extent or another; however, if we group the challenges that will constitute a common ground for everyone, we have those related to the operation itself, like BHA design (including bit and underreamer selection), reliability, functionality, ROP, RPM, WOB/WOR, TqOB, TqOR, S&V, S&S, abrasive formations, and overall system performance (Fig. 2). Regardless of the primary inclination of the different groups, everyone should cooperate so that all three parties can influence each other to propose the most suitable components and to establish the most reliable system for the expected objectives. 
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Fig. 2–Underreaming BHA system challenges. 

Underreaming Statistics in the Gulf of Mexico

The data studied for this analysis was gathered between 2001 and 2007 from over 500 underreaming runs and more than 1 million ft of hole enlarged in the GoM. Salt drilling covers the wider range of hole sizes on a typical deepwater well. (Fig. 3).

The number of runs has gradually increased across recent years while the number of failures has decreased (Fig. 4), showing a satisfactory trend—a product of the increased attention to details, following good practices and guidelines, and increased communications between operators, vendors, and the service company.

Among the reasons for the premature end of a drilling run, approximately 10% were related to underreamer failures. However, if we expand this performance to the whole drilling system, an alarming 18% categorize as system failures. The causes for these failures were S&V, failure to open, pre-mature opening, damage to the cutting structure, BHA failure, and low ROP.
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Fig. 3– Salt footage and average penetration rates per hole size. The horizontal axes are the pilot hole sizes in groups. The blue bars are the footage drilled with a gauge assembly (without a concentric underreamer) and the red bars are the footage drilled with a large assembly (pilot bit and concentric underreamer).
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Fig 4 – Underreaming experience 2001-2007.

Underreaming Adopted Practices

With the inclusion of underreamers in the BHA, a whole new series of drilling dynamics is incorporated into the drilling system. Probably the largest improvement in salt drilling while enlarging the hole over the past few years has been to mitigate drilling dynamics-related failures. Though this continues to be an ongoing problem, key improvements have been made and adopted as guidelines to assist in the bit/underreamer selection and drilling system optimization.

We identified the following tasks to complete before making recommendations:

· Determine the main objective for enlarging the hole, considering the well design and how the underreaming will impact the trajectory (vertical/tangential/directional) and dog-leg severity (DLS). Consider how the drilling environment (abrasive formations, salt inclusions, S&V, S&S, etc.) will affect the performance. 

· Determine all the viable options for the objectives and collect all available data on previous/offset runs. 

· After all the variables have been studied, design the system BHA, taking into consideration the bit type, underreamer type (flow/ball/pressure-activated), underreamer block design, underreamer stabilization, size, and logging requirements for the placement of underreamer and logging-while-drilling (LWD) tools in the drilling system or BHA.

The bit and the concentric underreamer cutting structure must be stable and balanced to ensure appropriate weight distribution between bit and underreamer. Significant shock, vibration, and stick slip can occur if the bit drills faster than the underreamer. During a transition in formation, drilling practices must be adjusted to mitigate shocks and vibrations by monitoring drilling parameters until both the pilot bit and the underreamer have drilled into the homogeneous formation.

Concentric underreaming BHA benefits from placing the underreamer above the measurement-while-drilling MWD/LWD tools (Fig. 5); they also should be optimized with a string stabilizer approximately 1/8–in. undergauge placed directly below the underreamer to help centralize and stabilize the concentric underreamer cutting structure. Some designs include an integral stabilizer on the tool body. An additional stabilizer should be placed 30 ft or 60 ft above the underreamer to give additional stabilization to the drill collars that provide mass, stiffness, and weight to the underreamer. Expandable stabilizers above the underreamer have been used in some runs, although the value so far has been inconclusive in vertical applications. Fig. 6 shows two different BHA systems with underreamer placement above and below the MWD/LWD tools.
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Fig. 5–Comparison of shock and vibration versus placement of underreamer in the drilling assembly with respect to MWD/LWD and rotary steerable tools. Data from 2001 through 2006 US GoM.

In motor directional drilling assemblies, the size and total length of drill collars are typically reduced in the drillstring to enable slide drilling. Because rotary steerable drilling assemblies are not restricted by these constraints, drill collars can be maximized to as large a diameter and number as reasonably allowed while maintaining safe drilling practices. A heavier BHA has shown a significant improvement in shock- and vibration-related failures resulting from the inherited inertia. For pilot bit diameter sizes larger than 12 ¼-in, the lower BHA components should be based on a 9-in. or 9 ½-in. drill collar size if permitted by hydraulics and swab surge limitations.

During salt intervals, tight hole situations and stuck pipe incidents can be observed even with underreaming operations such as salt creep around the BHA below the underreamer. An increase on mud weight has proven to be the solution with the bigger impact. to overcome this problem. 
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Fig. 6–Underreaming BHA systems and underreamer placement.

Underreaming Subsalt Intervals

Enlarging salt intervals is one of the main concerns when drilling a deepwater well in the GoM. However, subsalt risks for expandable underreamers should not be underestimated. There is a big challenge to enlarge some Miocene sands, especially in the Green Canyon area. The challenge is to ensure enough durability on the underreamer to drill with one BHA from casing point to casing point. A typical trip to change a dull underreamer at 25,000 ft represents about day and a half of rig time (at least $1.5 million).

Different approaches/ideas from the operators, underreamer providers, bit companies and drilling service companies attempt to overcome such costly challenges. The following analysis correspond to the approach we have offered to operators which has been only partially implemented due to different reasons, such as short notice to the underreamer provider, cost involved in extra tools, and indecision from the underreamer company to modify the block protection.

While drilling the highly abrasive subsalt sands with the bit, real-time observations will include a drop in ROP, and a consequent increase in surface and downhole WOB. The torque shows a slight increase. Once the underreamer reaches the sand the ROP drops, but the surface and downhole WOB curves separate indicating the underreamer is taking most of the weight. The damage to the underreamer, indicated by a reduction in torque, could occur in less than 2 minutes. Once the cutting structure of the underreamer is damaged, trying different drilling parameters will result in null ROP, high stick/slip, and even possible stuck-pipe events. Eventually, an extra trip is required to replace the underreamer tool. Most of the times, the bit has little wear but the cutters in the underreamer are completely worn out.

We suggest the following variations to allow one BHA to drill from casing point to casing point, underreaming this difficult subsalt interval. 

The approach is divided into three considerations:

· Force diagram and stabilization. Each polycrystalline diamond compact (PDC) cutter in the underreamer block is exposed to different loads depending on the placement across the block profile. For instance, the cutters in the outer rows need to remove bigger volumes of rock and are subjected to higher radial components (to enlarge the hole). For directional applications, the gravity effect will increase the radial component on the PDCs located in the outer rows. In addition, if pass-through stabilizers are installed 30 ft above and just below the underreamer, the deflection between the stabilizers will cause an extra undesirable load on the cutting blocks. In contrast, the bit has a close-to-full-gauge stabilizer right above it (in a push-the-bit rotary steerable system).

· Underreamer block material and protection. All the underreamer blocks are steel body while most of the bits for subsalt applications have matrix bodies. The reason for using a matrix bit in this area is to ensure the durability of the bit and minimize the risk of an extra bit trip. At this time no underreamer company has manufactured a matrix block to increase the life of the pocket and minimize the risk of losing cutters as the sand wears out the pocket. However, some underreamer companies are applying hard-facing material to protect the steel part of the block and even adding limiters behind the PDCs. A similar concept is used in steel-body bits.

· Cutter technology. Most of the bits used in the subsalt areas of the GoM include highly wear-resistant PDC cutters. Once again, the reason for using this type of cutter is to ensure the durability of the bit and minimize the risk of an extra bit trip. In a few runs, the underreamers have also been dressed with the highly wear-resistant PDC cutters. 

The recommended practices developed from the previous discussion are as follows:

· Initiate drilling parameter management and real-time monitoring at the rig as the first step to successfully enlarge hard/abrasive subsalt intervals.

· Reduce the radial loads on the underreamer blocks by having an expandable stabilizer above it and a pass-through stabilizer below.

· Mimic the matrix bit body with enough block protection: hard-facing and limiters.

· Use wear-resistant PDC cutters in both the bit and the underreamer for subsalt applications with hard/abrasive intervals.

Conclusions

Underreaming technology has proven to be a successful application in deepwater drilling in the GoM. There is still a large number of unknown variables to fully understand the dynamics of underreaming applications, and the continued development should concentrate on the integrated BHA drilling system, including bit selection, underreamer selection, BHA stabilization, number of drilling collars above the underreamer, size of drill pipe, and overall drilling practices.

Drilling practices and real-time monitoring at the rig are paramount for underreaming operations; communications and teamwork together with knowledge management are key elements of continuous improvement to drilling performance. 

Stabilization below and above the expandable underreamer is critical to the performance of the underreaming operation. Increased mass has proven to reduce vibrations; BHA systems should be optimized to use the maximum allowable number of drilling collars. The underreamer block/cutter technology must be on a par with drilling bits by applying wear-resistant PDC technology to the cutters on the underreamer blocks and by reproducing the matrix bit body durability with hard-facing on the underreamer blocks. We believe this, together with the reduction of side forces and cutter load on the underreamer, will enhance its durability on this particular application.
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