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ABSTRACT

Drilling deepwater sub-salt wells presents numerous challenges to operators and service companies alike.  The use of an efficient drilling dynamics monitoring system can impact the drilling process in a substantial way by increasing efficiency thereby reducing costs and reducing NPT risk.  The main focus of any drilling dynamics monitoring tool is targeted to utilize all of the supplied drillstring energy in cutting and removing rock. The CoPilot® realtime drilling optimization tool goes several steps further delivering the ability to (1) effectively monitor the drill out of the float equipment, shoe track and casing shoe. This is achieved by efficiently using downhole weight on bit and torque measurements in realtime to optimize drilling parameters at the bit (2) provide positive indication of opening a hole enlargement device (3) indicate wellbore stability and condition issues through its bending moment values, weight on bit curve separations and downhole ECD measurement (4) effectively provide a way to monitor a sidetrack through bending moment and near bit inclination changes (5) deliver a means to spotlight damaging downhole vibrations in realtime and mitigate them when necessary (6) facilitate drilling wells with enhanced efficiency and quality by comparison of downhole and surface MSE values.  In summary, drilling dynamics optimization positively impacts a variety of critical drilling applications and delivers improved performance and risk reduction.

INTRODUCTION

Deepwater markets provide some of the best examples for understanding what drilling related dysfunctions can cause with respect to BHA components. This is usually because of the financial impact involved and the greater depths involved. Several deepwater wells have been studied globally in recent times to arrive at the procedures and techniques utilized in the mitigations strategies for drilling dysfunctions. Also, numerous papers have been written and published to this effect (Macpherson et al., 1998; Chen et al., 2003; Thomson et al., 2008).

The focus is directed towards a Total Systems Approach, using rotary steerable technology, CoPilot® drilling optimization tool, appropriate bit type, and high speed telemetry rates to facilitate decision making in realtime using downhole information.  Such an integrated system can be designed for a specific application and can potentially drive to a lot of cost savings.  The goal is to achieve a step change in efficiency.  The ability to make decisions in realtime to drilling dysfunctions as needed delivers value and drives the drilling curve towards the technical limit. 

DRILLING OPTIMIZATION

Most conventional drilling dynamics tools focus on vibrations during the drilling process and attempt to transmit data to surface regarding axial, lateral and/or stick slip mode downhole dynamics. These vibrations are no doubt important to drilling as they can provide a decent understanding of how much energy being supplied at surface is being lost to the formation (in creating these motions) and hence is not able to reach the bit. The main objective in such wells would be to change drilling parameters on surface, once an indication of these downhole vibrations exist, in order to optimize the drilling process.

Advanced Optimization Systems such as CoPilot®, take drilling optimization to a new level by delivering downhole information from a static and dynamic standpoint. The static measurements are related to weight and torque fluctuations at bit, micro-doglegs in the well whereas the dynamic measurements focus on optimizing vibration based motion.  The combination of downhole weight on bit, downhole torque on bit, along with the vibration diagnostics delivers an unprecedented volume of mission critical data and effectively serves as a spotlight on downhole conditions. 

TECHNOLOGICAL APPLICATIONS 

The multi-well study conducted for CoPilot® applications, revealed many different applications of the technology. The scope of the applications is actually a growing list and as newer algorithms are developed, the added value of the service continues to increase.

(1) Rig IADC reports record average time intervals experienced for drilling out float collar, cement track and casing shoe equipment. The times usually get longer when larger depths are involved. Also, additional time is required if drilling through expandable liner systems and/or rotary drillable liners. Any time that can be potentially saved, can go a long way in saving thousands of dollars based on rig spread cost.

The process of optimizing this drill out process is based entirely on monitoring two key transmitted downhole words from the tool – downhole weight-on-bit and downhole torque-on-bit. The first measurement gives indication of sufficient weight reaching the bit and the second one provides information on torque available to produce the cutting action. The weight is monitored and compared to surface values. Minor increments are made until the downhole torque response shows “bite” at the float equipment or drill shoe.

One important thing to note is that the flow rate would probably need to be reduced (by as much 25%) to provide efficient torque availability from increased surface and downhole WOB. Hole deviation does play a role in this process as the inclination effect might cause inefficient weight transfer to the bit. Additional weight would need to be supplied from surface to ensure that the appropriate amount reached down to the bit. Another factor to consider is that prior to drill out, a calibration of the CoPilot® measurements needs to be performed. This procedure is called the “tare” and it usually takes only a few minutes. The taring depends upon mud properties and temperature. Taring is required when substantial changes to downhole mud properties are experienced or a formation change occurs.

Significant success in recording faster drill out times has been achieved through this process. Fig-1 shows an example of this procedure where a rotary drillable liner PDC shoe was drilled out in 15 minutes following the above mentioned steps.
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Fig-1: Rotary liner shoe drill out using CoPilot® drilling optimization.

Time savings of 30-50% have been achieved on some wells using this process and operators continue to see the value behind this application.

(2) Through its differential pressure measurement, the CoPilot® tool can provide indication of the hole opening device (HED) status on surface. It is possible to confirm if the HED is in the open/close position. This is achieved in the following way. The tool has two pressure sensors located internally (bore) and externally (annulus) in the tool body. An algorithm within the tool software calculates the difference between the two measured values as the differential pressure. A baseline measurement is made for this difference when the HED is in the closed position. Once an attempt is made to open the HED, flow bypass occurs at the HED which causes a drop in the differential pressure value. This shift can be detected and plotted to view the status of the HED tool in the BHA. 
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Fig-2: Differential pressure seen on surface indicating HED status

The best application of this process can be after drilling the rat hole past the casing shoe and then picking up off bottom to open the HED. The transmitted word can be seen on surface faster than the time taken to pull up and test the HED against the casing shoe. Another application could be to provide HED open confirmation during mid section after a trip to change BHA components (Fig-2).

(3) As we know, wellbore stability is a big concern during the drilling phase of the well. Numerous BHA’s have been lost in hole due to instability of the well causing pack offs and kicks. Wellbore instability is an indirect cause of not being able to estimate formation pore pressure accurately leading to incorrect mud weight windows which finally leads to such adverse hole conditions. In addition to pore pressure prediction, wellbore instability can also result from poor hole cleaning practices, rising ECD values, hole spiraling events etc. CoPilot® technology provides a way to be able to “see” these effects downhole so that appropriate action can be taken to prevent the wellbore from worsening. 

The tool has a strain gauge to measure the magnitude of the bending seen by the drilling assembly at the measure point. The measurement is referred to as bending moment and it serves as a powerful tool in determining hole condition and well stability. The primary static purpose of the bending moment calculation is to estimate micro-doglegs in the wellbore trajectory. The micro-doglegs prove useful in determining improper drilling practices (Fig-3).
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Fig-3: Bending Moment as a wellbore stability indicator

The ECD values from the CoPilot tool can also be utilized to understand if the pack off is occurring above or below the tool sensor. Fig-4 shows hole spiraling as seen through bending moment data. 
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Fig-4: Bending moment shows downhole hole spiral

Mitigation strategies to reduce such hole spiraling events could be to change the bit, alter steering parameters or even to work the pipe in order to kill the micro-doglegs. In some cases, it may be required to trip out to make drastic changes to the BHA.

(4) As effective as bending moment is to detect small changes in doglegs downhole, its use also lies in being able to monitor sidetrack/kickoffs from an original well path. Pre-drill modeling of BHA’s based on planned DLS gives an idea of what bending moments to expect in real time. Charts/graphs can be drawn up for such expected behavior. When drilling resumes, these bending moments transmitted in real time can be converted back to understand true dogleg severities seen by the BHA as it drills through different formations.

Close monitoring of this process could result in the correct drilling parameters to be applied from surface to ensure that the sidetrack/kickoff progresses in a smooth manner with minimal tortuosity.

(5) Lateral motions accompanied with whirl are deemed to be the most damaging vibrations for drill string components. Several BHA’s have either twisted off and failed due to such motions downhole. The trouble is that lateral vibrations or whirl is mostly contained in the BHA downhole with no effects of it being detected at surface. This poses a major threat especially in reaming/backreaming operations, inter-bedded formations and in BHA’S with HED’s.

Fig-5 shows BHA whirl taking place in real time. One of the imperative aspects to control whirl phenomena is to reduce the string RPM and apply additional WOB to the BHA. The applied WOB should not be applied in small increments but in larger magnitudes keeping it still under the buckling WOB. This usually results in stability to the system and reduction in whirl.
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Fig-5: Whirl phenomena experienced downhole

Other vibrational motions such as axial and stick slip also affect BHA dynamics. Axial shocks are usually caused by loss of weight to the bit especially when hard stringers are present. The same mitigation strategy of increased WOB would be necessary in reducing bit bounce resulting from axial vibrations. Stick slip motion can sometimes be deceptive. At lower surface RPM, stick slip is not that damaging but at higher RPM’s, as seen with rotary steerable systems, it can prove to be quite destructive.

(6) Although, still quite a new concept in the oilfield industry, Mechanical Specific Energy (MSE) calculations are rapidly gaining increased importance in the drilling process. 

In a nutshell, the concept revolves around law of conservation of energy. Power in = Power out. The difference is measured as losses and hence efficiency can be calculated. The supplied power is in terms of WOB, RPM, torque at surface and power at the bit is a measure what reaches the bit after suffering losses (in the form of vibrations)-(Curry, Dupriest et al., 2005). A newer calculation uses bit aggressiveness as an input as well to distinguish different bit types and better estimate downhole torque (Caicedo et al., 2005).

A good drilling practice would entail being able to actually measure surface MSE and compare it to downhole MSE. Due to all its downhole measurements close to the bit, the CoPilot® tool offers real time transmission comparisons of the two MSE numbers thereby predicting drilling efficiency. Fig-6 demonstrates use of this calculation.
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MSE calculations can be used as an indicator to decide when to trip for a bit change or to maximize drilling parameters to improve drilling penetration rates (Waughman et al., 2002).

TECHNOLOGY VALUE 

In the planning phase, the following cases would be best candidates to use the CoPilot® drilling optimization service for best results:

· High dogleg wells

· Extended Reach Drilling 

· Wells with increased HED opening area (1.3-1.5 times pilot hole diameter)

· Slim hole applications

· Salt drilling sections especially for salt entry/exit/kickoff

· Wells with inter bedded sand/shale sequences

· Wells with past experience of drilling related issues

CONCLUSIONS

Use of an advanced drilling optimization service can greatly influence and enhance drilling performance and CoPilot® service takes monitoring and managing drilling efficiency to elevated levels. It is essential to make communication between all parties involved a key ingredient in the drilling process.  Communication of data, optimized drilling practices, and realtime decision making all play an extremely important role in achieving any advanced optimization levels at the rig site. Utilizing answers to downhole questions while drilling delivers minimizes risk, improvements in efficiency, and drives drilling operations towards the technical limit line.  Ultimately advanced optimization services deliver risk reductions, cost reductions and drive the value of technology to higher levels.   
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Flow rate decreased by 25%.





Increased surface WOB from 5 to 25 klbs to drill through shoe





Increased downhole torque from 2 to 8 kftlbs enables drill out





Erratic/Ratty bending moment indicating hole pack off 





Bending moment values seen to follow a sinusoidal path indicating hole spiral 
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