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            Last year, I wrote about the science-based approach to fluids and the increased level of knowledge required of drilling-fluids-related professionals. This year, I want to emphasize the importance of drilling and completion fluids in well con- trol, lost-circulation mitigation, and wellbore stability. One of the first things you learn as a drilling engineer or rig supervisor is that the most important aspect in drilling is the drilling fluid (this may be a little biased coming from a fluids specialist). It is like the blood in our circulatory system! It serves many functions and can be either friend or foe, depending upon how it is maintained. The primary function of drilling or completion fluids is to control subsurface pressures. With the challenge of drilling in ever-increasing water depths and into higher-pressure and temperature reservoirs in the pursuit of hydrocarbons, this becomes even more important and more difficult to accomplish. Additionally, the fluid density required to control formation pressures often is very close to the fracture gradient, so that there is a delicate balance between well control and lost returns. Another issue to consider is the effect that fluids have on wellbore stabil- ity. With the increased complexity of the wells being drilled, higher fluid densi- ties are needed to prevent the hole from becoming mechanically unstable, thus narrowing the “safe drilling window” between borehole stability and lost returns. Various techniques are used to address this issue. Factors such as formation type and characteristics, type of loss, and others should be considered when selecting the most appropriate solution. There is no “one size fits all” approach that works. The papers in this feature address issues in the preceding discussion. Please take time to read them along with the papers listed for additional reading. Drilling and Completion Fluids additional reading available at OnePetro: www.onepetro.org SPE 130413 • “Vital Role of Nanopolymers in Drilling- and Stimulation-Fluid Applications” by Subodh Singh, University of Oklahoma, et al. SPE 125708 • “Remote Real-Time Monitoring of Particle-Size Distribution in Drilling Fluids During Drilling of a Depleted HP/HT Reservoir” by Egil Ronaes, SPE, M-I Swaco, et al. SPE 130421 • “Utility-Calculation Method of New Four-Parameter Rheological Model for Drilling Hydraulics” by Guo Wang, China University of Petroleum, Beijing, et al. SPE 128405 • “Salinity-Based Pump-and-Dump Strategy for Drilling Salt With Supersaturated Fluids” by T.J. Akers, SPE, ExxonMobil Drilling and Completion Fluids TECHNOLOGY FOCUS 56 JPT • NOVEMBER 2010 JPT Brent Estes, SPE, is a Drilling Fluids Specialist for Chevron Energy Tech- nology Company supporting worldwide drilling operations. Previously, he was with ExxonMobil and Baroid Drilling Fluids. Estes earned his BS degree in petroleum engineering from Texas A&M University. He has a broad background in all aspects of drilling and comple- tions fluids, including fluids research and development and working as a drilling engineer. Estes has authored several SPE papers and serves on the JPT Editorial Committee. 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

14
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Drilling and Complwtion Fluids

                        Apr 28, 2015

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                vipmittal
                            

                        

                                                    
                                Description:
                            

                            
                                Drilling and Complwtion Fluids
                            

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
                        

Last year, I wrote about the science-based approach to fluids and the increased level of knowledge required of drilling-fluids-related professionals. This year, I want to emphasize the importance of drilling and completion fluids in well con-trol, lost-circulation mitigation, and wellbore stability.
 One of the first things you learn as a drilling engineer or rig supervisor is that the most important aspect in drilling is the drilling fluid (this may be a little biased coming from a fluids specialist). It is like the blood in our circulatory system! It serves many functions and can be either friend or foe, depending upon how it is maintained.
 The primary function of drilling or completion fluids is to control subsurface pressures. With the challenge of drilling in ever-increasing water depths and into higher-pressure and temperature reservoirs in the pursuit of hydrocarbons, this becomes even more important and more difficult to accomplish. Additionally, the fluid density required to control formation pressures often is very close to the fracture gradient, so that there is a delicate balance between well control and lost returns. Another issue to consider is the effect that fluids have on wellbore stabil-ity. With the increased complexity of the wells being drilled, higher fluid densi-ties are needed to prevent the hole from becoming mechanically unstable, thus narrowing the “safe drilling window” between borehole stability and lost returns. Various techniques are used to address this issue. Factors such as formation type and characteristics, type of loss, and others should be considered when selecting the most appropriate solution. There is no “one size fits all” approach that works.
 The papers in this feature address issues in the preceding discussion. Please take time to read them along with the papers listed for additional reading.
 Drilling and Completion Fluids additional reading available at OnePetro: www.onepetro.org
 SPE 130413 • “Vital Role of Nanopolymers in Drilling- and Stimulation-Fluid Applications” by Subodh Singh, University of Oklahoma, et al.
 SPE 125708 • “Remote Real-Time Monitoring of Particle-Size Distribution in Drilling Fluids During Drilling of a Depleted HP/HT Reservoir” by Egil Ronaes, SPE, M-I Swaco, et al.
 SPE 130421 • “Utility-Calculation Method of New Four-Parameter Rheological Model for Drilling Hydraulics” by Guo Wang, China University of Petroleum, Beijing, et al.
 SPE 128405 • “Salinity-Based Pump-and-Dump Strategy for Drilling Salt With Supersaturated Fluids” by T.J. Akers, SPE, ExxonMobil
 Drilling and Completion Fluids
 TECHNOLOGY FOCUS
 56 JPT • NOVEMBER 2010
 JPT
 Brent Estes, SPE, is a Drilling FluidsSpecialist for Chevron Energy Tech-nology Company supporting worldwide drilling operations. Previously, he was with ExxonMobil and Baroid Drilling Fluids. Estes earned his BS degree in petroleum engineering from Texas A&M University. He has a broad background in all aspects of drilling and comple-tions fluids, including fluids research and development and working as a drilling engineer. Estes has authored several SPE papers and serves on the JPT Editorial Committee.
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 Conventional drilling techniques used in harsh drilling environments are sometimes impractical or uneconomi-cal. This was experienced while drill-ing through the reservoir section being investigated. This section is character-ized by high pressure and formation fluids estimated to contain 18 to 20% hydrogen sulfide (H2S) and 4 to 6% carbon dioxide (CO2). The presence of extensive karst/fractures along with severe circulation losses prevents suc-cessful drilling using conventional cir-culation techniques. For this scenario, the pressurized mud cap closed-hole-circulation drilling (CHCD) technique was used, and proved to be the most effective method to drill through the Lower Carboniferous carbonate.
 IntroductionDrilling the reservoir section is the most challenging part of the drilling activity that is being carried out at the oil field under investigation. The res-ervoir is a carbonate platform, and it is well known that carbonate forma-tions (limestone/dolomite) are char-acterized by the presence of fractures and/or large vugs, and consequently circulation losses frequently occur while drilling. Sometimes losses are minimal, but at other times they are sufficiently large to become total losses. This situation has been expe-
 rienced often in this reservoir. In fact, in certain areas, unsustainable losses occur and conventional circulation is no longer possible. Therefore, one of the main concerns is the magnitude of losses that could be faced while drilling the reservoir zone.
 It must be emphasized that when using conventional drilling tech-niques through lost circulation zones, the standard practice is to minimize losses by attempting to seal off the thief zone before continuing drill-ing. This usually is done by pump-ing lost-circulation-materials (LCMs) pills and setting cement plugs so that the mud weight will overbal-ance formation pressure at all times. However, this is a long and often unsuccessful process because mul-tiple leakoff zones may be encoun-tered in sequence or because mas-sively fractured zones cannot be cured. Furthermore, these methods have several disadvantages: they offer uncertain results, they are time con-suming and therefore expensive, and in hydrocarbon reservoirs, they may reduce well productivity. In this sce-nario, the CHCD technique allows drilling in circulation-loss zones by controlling the annulus pressure and injecting a sacrificial fluid into the thief formations, thereby minimizing the nonproductive time and costs typically required to implement the traditional methods of circulation-loss control. For this field, CHCD was determined to be the most effec-tive method to drill through the car-bonate reservoir.
 CHCD TechniqueThe conventional drilling technique is based on:
 • Maintaining circulation• Using the mud column as the
 primary well-control barrier
 • Transporting the drill cuttings to surface
 In a fractured reservoir of signifi-cant thickness, it is possible that a drilling fluid that properly balanced the reservoir pressure at top, increas-ingly overbalances the reservoir pres-sure with depth, resulting in circula-tion losses.
 This is a result of the differential spe-cific gravity between the drilling fluid and the formation fluid. When circula-tion losses are experienced, if balance is achieved at the depth at which the losses occur, above this depth, there will be underbalanced conditions. In the reservoir under investigation, which has light reservoir fluids, high reservoir pressure, significant reservoir thickness, and a fracture system, the above scenario is likely.
 CHCD is a technique that allows safe drilling with no returns to the surface. For this method, a sacri-ficial fluid is pumped through the drillstring and is intentionally lost through the formation while the annulus is filled with a dual-gradient fluid system [i.e., the sacrificial fluid in the lower portion of the hole and a light annular mud (LAM) cap in the upper portion].
 Although CHCD is not under-balanced drilling in the sense that formation fluids are not allowed to flow to surface, the hydrostatic head of the dual system is such that it equals (or is slightly lower than) the formation gradient. The annulus is closed off at the surface, and drilling fluid is injected continuously into the drillstring and through the drill bit to clean the hole by injecting cut-tings into the fractured formation. In practice, bottomhole pressure will be controlled by the drilling mud in the annulus and the sacrificial fluid in the drillpipe.
 This article, written by Assistant Tech nol-ogy Editor Karen Bybee, contains high-lights of paper SPE 128225, “Managing Circulation Losses in a Harsh Drilling Environment: Conventional Solution vs. CHCD Through a Risk Assessment,” by S. Masi, C. Molaschi, SPE, and F. Zausa, Eni E&P, and, J. Michelez, SPE, Altran, originally prepared for the 2010 IADC/SPE Drilling Conference and Exhibition, New Orleans, 2–4 February. The paper has not been peer reviewed.
 Managing Circulation Losses in a Harsh Drilling Environment
 DRILLING AND COMPLETION FLUIDS
 For a limited time, the full-length paper is available free to SPE members at www.spe.org/jpt.
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 The sacrificial fluid will be lost in the lost-circulation zone, so an inex-pensive and lightweight fluid normal-ly is used. The viscosity of the sacri-ficial fluid should be low to minimize frictional pressure loss. Because the sacrificial fluid has a lower density than either the equivalent density of the reservoir pressure or the density of the annular fluid, float valves are placed in the drillstring to prevent backflow of the injected fluid when the injection pumps are shut down.
 The density of the annular fluid added to any surface pressure on the annulus is equal to the forma-tion pressure at the top of the lost-circulation zone. The fluid density should be only slightly less than the equivalent density that would balance the reservoir pressure exactly. This slight hydrostatic underbalance will facilitate monitoring hydrocarbon migration in the annulus.
 In fact, because of specific-gravity differences, hydrocarbons from the reservoir migrate into the annulus and up through the mud column that is being used to help balance the forma-tion pressure. When this occurs, the annular pressure will begin to increase slowly. Once a predetermined casing pressure is reached, the annular fluid is bullheaded down the annulus until the casing pressure reaches the datum value. This will push the migrating hydrocarbons back into the reservoir.
 As the well is drilled deeper, addi-tional lost-circulation zones may be
 encountered. If these zones are in pressure communication with the original lost-circulation zone, the pore pressure will be higher by an amount equal to the reservoir-fluid gradient multiplied by the increased depth. Because the reservoir-flu-id gradient will be lower than the conventional drilling-mud gradient, the equivalent mud density in these deeper zones will be less than that of the original zone. However, because the actual absolute pressure will be higher, the column of fluid in the annulus will continue to be sup-ported by the pressure of the original lost-circulation zone.
 Feasibility and Required EquipmentCHCD has been used for rim wells and some transition wells of the field, which have been shown to have a high likelihood of experiencing mas-sive circulation losses. In fact, minor circulation losses are mitigated with traditional remedies, but none of these solutions is fully successful when catastrophic losses occur.
 In addition to incurable circulation losses, other conditions for which CHCD is essential for efficient drill-ing are:
 • Low injectivity pressure into the formation—high formation capability of receiving the drilling cuttings
 • Safety concerns for the surface facilities and personnel because of an unmanageable flow of sour reser-voir fluids (high percentages of H2S and/or CO2) into the wellbore
 The injectivity pressure into the major fractures of Unit 1 is so low (high conductivity) that the pump-ing rate for the sacrificial fluid is not important. However, this also is a characteristic of formations that will flow at a high rate. Thus, the com-bination of sour gas, high bottom-hole pressure, and severe circulation losses (with low injection rate) adds an extra risk to continue drilling the reservoir section conventionally.
 For CHCD to be effective, a num-ber of essential items are required before starting such an operation:
 • A complete feasibility study to establish the reservoir-pressure gradi-ent and reservoir-fluid characteristics
 • Rig-personnel training
 • An adequate supply of low-cost sacrificial fluid
 • Capability to increase mud vol-ume fast and effectively
 • Adequate additional surface equipment [i.e., rotating blowout preventer (Fig. 1) and high-pressure pumping system]
 Implementation of the CHCD system requires a large amount of sacrificial fluid. Drilling blind (no fluid returns to surface) by pump-ing oil-based mud (or water-based mud) into the drillstring and annulus simultaneously clearly is too expen-sive. Thus, water is used as sacrificial fluid. The sacrificial fluid is pumped through the drillstring and dispersed in the karsts/fractures while carrying the drill cuttings. Meanwhile, a pres-surized LAM column is applied in the annulus. It is preferred that the last casing shoe be set as close as pos-sible to the top of the fractured zone, and it is recommended that the total loss zone be drilled with a reduced hole size to assist hole cleaning and to reduce the volume of sacrificial fluid required.
 The CHCD technique uses blind drilling, with the choke completely closed while the annulus is sealed by the rotating control device (RCD). One or more rubber elements are mounted on a bearing assembly inside the rotating control head to seal around the drillstring. Drillstring rotation still is accomplished because of the bearing assembly in the RCD. The RCD is the only additional piece of well-control equipment required at the surface.
 Well control is maintained by clos-ing the annulus and not allowing any reservoir fluid to flow to the sur-face. However, before starting CHCD, supplementary considerations are required. CHCD requires the follow-ing additional equipment:
 • RCD• High-pressure fluid-circulation
 system (e.g., standpipe, rotary hose, and topdrive.)
 • High-pressure pumps other than those typically provided by the drill-ing rigs
 • Drillstring floats• Casing valve to maintain double
 barrier condition while tripping the bottomhole assembly JPT
 Fig. 1—Blowout-preventer stack with RCD.
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 The full-length paper describes the application of particle-size-distribu-tion principles for determining mate-rials to be added to the mud system during casing-while-drilling (CWD) operations. CWD has been demon-strated to stop or significantly reduce lost circulation and improve well-bore strength. The mechanism by which this improvement occurs is not well understood.
 IntroductionIf wellbore strengthening can be achieved systematically, then wells can be drilled in known loss areas without contingency strings of casing. In addition, in mature fields where producing horizons have altered pres-sures from either depletion or pressure maintenance, wells can be drilled with fewer casing strings. Sidetracks become economical because hole size can be preserved for an effective completion, and well costs are lowered by not using additional liners to reach the objective.
 By adding particles to the mud to fill in the particle-size distribution, losses to natural fractures were stopped while directional wells were drilled with cas-ing in the Piceance basin of Colorado. Applying what was learned in a field trial of CWD in the Alaskan Tarn field, the openhole leakoff resistance was
 improved by 3.0 lbm/gal drilling with 7.0-in. casing in a 67° angled well. With this success, a four-well CWD campaign was executed with two wells drilled each in the Kuparuk and Tarn fields on Alaska’s North Slope. Results were positive for 7.0-. and 7.625-in. casings, but wellbore strengthening did not occur sufficiently in the 5.50-in.-casing trials. Annular clearance appears to be a critical component for success and is not yet fully understood.
 The results demonstrate that a sig-nificant improvement in fracture gra-dient can be achieved with the right clearance between the hole and the casing and the proper-sized particles added to the mud system. In addition, the amount of material added has been demonstrated to be as low as 2 lbm/bbl. With confidence that strengthen-ing can be achieved to the levels of improvement demonstrated, wells can be evaluated with significant cost sav-ings by eliminating casing strings and preserving hole size for completions or further drilling.
 Smear EffectThe smear effect has been considered to be either a smearing and plaster-ing of cuttings onto the wellbore wall or the increase in hoop stress around the wellbore resulting when a crack is formed and particles are forced into the gap, creating a wedge and thereby raising the effective fracture gradi-ent. At Piceance, imaging logs taken in the overburden confirmed natu-ral fractures with a radially averaged aperture of approximately 1.0 mm, and these could be correlated back to losses while drilling. Because CWD had stopped losses in these intervals, wellbore strengthening was believed to be the more likely mechanism.
 Because medium-sized nut shells regularly were used to scour the cas-
 ing for cuttings buildup on previous casing-drilling wells where substantial reductions in downhole losses were real-ized, consideration was given for the nut shells having an unsuspected additional benefit of providing wellbore strength-ening. On the basis of 15 years of well-bore-strengthening success with granu-lar materials of a narrow particle-size distribution for conventional drilling, it was thought that a single product of uni-form particle-size distribution would be needed in the mud. A key feature of this approach is that the mud must be able to form a seal on the packed wellbore-strengthening material.
 Piceance Creek Directional WellThe Piceance Creek wells are all S-shaped directional wells with the requirement for a vertical entry into the Williams Fork formation. The pay interval is approximately 2,000 ft thick, and a vertical wellbore through the pay is required for both fracture stimulation and wellbore spacing.
 The 9.625-in. surface casing is set at approximately 2,000 ft, with a para-site string run on the outside of the 9.625-in. casing to approximately 1,700 ft. The parasite string is used to inject air and reduce the annular hydrostatic head while drilling the next hole section. The first occurrence of lost returns starts anywhere from 500 ft to 1,100 ft in every well, and once returns are lost, returns can be regained only by aerating the mud. Directional tools are required in this section to build angle as high as 20°.
 Two attempts were made to use 9.625-in. directional CWD tools to gain returns in this section with the smear effect. Both attempts at drilling with the 9.625-in. casing failed to stop the losses, so further attempts at CWD in this section were not made. In addi-tion, CWD eliminated the ability to run
 This article, written by Assistant Tech nol-ogy Editor Karen Bybee, contains high-lights of paper SPE 128913, “Particle Size Distribution Improves Casing-While-Drilling Wellbore Strengthening Results,” by R.D. Watts, SPE, M.R. Greener, SPE, S. McKeever, SPE, P.D. Scott, SPE and D. Beardmore, SPE, ConocoPhillips, originally pre-pared for the 2010 IADC/SPE Drilling Conference and Exhibition, New Orleans, 2–4 February. The paper has not been peer reviewed.
 Particle-Size Distribution Improves Casing-While-Drilling Wellbore-Strengthening Results
 DRILLING AND COMPLETION FLUIDS
 For a limited time, the full-length paper is available free to SPE members at www.spe.org/jpt.
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 a parasite string. At this point in the project, the decision was made to keep the benefit of the parasite string in case the smear effect did not work in the remaining hole sections.
 Five wells were drilled with 7.0-in. casing using both bent-housing motors and rotary-steerable tools. In the two attempts with the bent-housing motors, angle-building tendencies when rotary drilling were significant and excessive sliding time was required to control the trajectory. The last three attempts used rotary-steerable assemblies, and all three wells were drilled successfully to casing point. During the drilling of these three hole sections, smear effect was achieved and addition of specific-sized particles was demonstrated to be a direct benefit.
 A water-based mud was used for all of the wells drilled. Lost circulation was a constant problem, and the abil-ity to build an effective fluid quickly was a critical operational requirement. In addition, the parasite string was used to reduce the hydrostatic head in the annulus to an effective bottom-hole pressure as low as a 5.0-lbm/gal
 equivalent mud weight (EMW). Typical air-injection rates ranged from 600 to 1,000 cf/min. For the three wells that were drilled successfully to section total depth (TD), a partially hydrolyzed polyacrylamide mud was used on the first well and a gel, water, and poly-anionic cellulose system was used on the second and third wells. Traditional lost-circulation material (LCM) used on past wells was a long fibrous cedar, but this was not used in the CWD operations because of the potential for plugging the downhole tools.
 Alaska TestIn the Kuparuk and Tarn fields on Alaska’s North Slope, secondary-recov-ery water injection has increased the pressure in the reservoir sands above the original pressure. Whereas wells drilled in the original field develop-ment could be drilled safely from the surface-casing shoe to TD, current uncertainty in the reservoir pressure often requires setting casing just above the reservoir to isolate weaker sands in the overburden and drilling a third hole section. In the Kuparuk case,
 significant pressure differences may occur between the two main pay inter-vals, requiring, in some cases, a fourth string of pipe to reach TD. If wellbore strengthening could be achieved, then one or even two strings of pipe could be eliminated from these wells, result-ing in significant cost savings
 To minimize the cost for this test, a plan was made to drill the well con-ventionally with drillpipe to within approximately 150 ft of the reservoir. The directional plan was to finish the well on a tangent so no directional changes would be needed. The trajec-tory just needed to be held to reach TD. The amount of drilling would range from 500 to 800 ft. The well would be drilled to TD using stabilized casing. The bit used could be drilled through if the well needed to be deepened.
 A test was designed to see if CWD could strengthen these Alaskan bore-holes. The test well proposed was a well in the Tarn field where a weak sand below the normal surface-casing point was known to have a fracture gradient of 13.0 lbm/gal while the surrounding shale had a fracture gradient of at least
 ®
 Society of Petroleum Engineers
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 If you’re ready to learn more, polish your technical skills, or enhance your engineering knowledge register for an SPE training course today.
 Reach your professional goals
 Society of Petroleum Engineers
 TRAINING COURSES

Page 8
                        

JPT • NOVEMBER 2010 63
 16.0 lbm/gal. For the test, the well would be drilled conventionally with 9.625-in. surface casing set at the typical casing point below the permafrost. A forma-tion integrity test would be performed at the shoe to 16.0 lbm/gal, and then an 8.75-in. hole would be drilled at a tan-gent angle of 67° to a point just below the weak sand. An openhole leakoff test (LOT) would be run to verify the formation integrity before CWD opera-tions started. Then, to test for wellbore strengthening, a bit would be made up below fifteen joints of 7.0-in., 26-lbm/ftthreaded-and-coupled casing. Above the fifteen joints, a crossover to drillpipe would be used to run the test string in to bottom. Unlike the normal directional CWD bottomhole assembly (BHA) used at Piceance, no 7.625-in., 47.1-lbm/ft flush-joint casing was used for stiffness and no centralizers would be applied to the casing. Drilling would be performed with increasing rotary speed for each stand, and an LOT would be taken after each stand drilled to see if any strength improvement had been achieved. The primary goals of the test were to see if strengthening occurred and if there was a minimum rotary speed for strengthen-ing to occur.
 After the success at Piceance, the addition of the three-part [fine nut shells, medium nut shells, and 250-µm (median) calcium carbonate] LCM also was made part of the test. The two key variables that would be tested would be rotary speed and the addi-tion of the LCM to fill in the missing particle sizes. The test was proposed not only to verify that the results at Piceance could be repeated in another geologic setting, but also to test differ-ences in several other variables.
 Conclusions1. The consideration of the smear
 effect as a method to strengthen a wellbore has allowed a structured approach for evaluating the key vari-ables leading to that strengthening.
 2. Wellbore strengthening with CWD has been achieved by filling in the particle-size distribution from 100 to 2,000 µm. Other CWD applications may require a different particle-size distribution.
 3. A 4.5-lbm/gal-EMW improvement in wellbore strength was observed.
 4. Improvements have not been as great when the ratio of casing diameter to hole diameter is less than 0.80.
 5. When the ratio of casing diameter to hole diameter is greater than 0.80, the improvements in wellbore strength have occurred in drilling 40 to 45 ft.
 6. Stabilizers and casing connec-tions have not been found to influence the strengthening results.
 7. A 2.0-lbm/bbl concentration of LCM has been effective in increasing wellbore strength.
 8. Strengthening can be achieved even if the wellbore was first drilled with a conventional BHA and drillpipe.
 9. Strengthening can be achieved even if loss rates of more than 200 bbl/hrhave been experienced and large vol-umes, more than 500 bbl have been lost to the weak formation.
 10. Natural fractures and fractures induced in LOTs can be plugged. JPT
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 Borehole instability and stuck pipe while drilling coal can lead to sig-nificant nonproductive time. The full-length paper describes a drilling fluid developed to stabilize coals in a program that previously was unable to achieve all extended-reach objec-tives. The fluid-design principles are believed to apply broadly in stabiliz-ing coals, fractured shale, and other cleated formations.
 Coal CleatsOne of the main characteristics of coal is a system of cleats, regular gaps and fractures in the coal that vary with coal maturity (Fig. 1). The frac-tures occur most commonly perpen-dicular to each other, and typically perpendicular to the bedding plane. Modeling suggests that under pres-sure, coal cleats may be 3 to 40 µmwide. These cleats form an inter-connected network of fractures that contributes to methane production. In the case of coalbed methane, some methane adsorbed on the surfaces of the cleats may contribute to the total methane production. Drilling-fluid invasion while drilling can lead to significant formation and production damage. Concepts that have been
 developed for stabilization of uni-form, low-permeability shales may not yield the expected results because of the unique physical characteristics of coals, particularly the existence of a cleat system.
 Borehole-Instability MechanismsWhen a hole is drilled, the borehole wall must carry the load that previ-ously was supported by the removed rock. This causes the hole to attempt to contract in the radial direction, leading to a stress concentration in the immediate vicinity of the well-bore: the tangential, or hoop, stress. If the resulting effective stress in the near-wellbore region exceeds the strength of the rock, the formation fails. Drilling-fluid pressure resists the effective stress, which limits the strain and stress that can develop in the tangential direction. Fluid den-sity has to be increased to a level that reduces the effective stress to less than the strength of the rock. A suf-ficiently high mud weight can allevi-ate the stress concentration around the wellbore and provide sufficient support on the wall. The basic failure concept is no different in coals than in shales and other formations.
 Borehole Instability in CoalsIt appears logical to extend the anal-ogy of naturally fractured shale and unconsolidated sands to a coal-cleat system. However, there are signifi-cant differences in the stress dis-tribution that develops around the borehole if the pressure penetration occurs only along the cleats, rather than uniformly across the pore space. If the penetration is uniform, the resulting reduction in effective stress and strength is uniform. In coals, this occurs largely within the face of the cleats, and not the adjacent intact
 rock. As was observed by previous authors, the pressure drop within the cleats will occur over some distance rather than at the immediate face, and this will reduce the effective stress between the faces of the cleat. As the effective stress declines, the shear resistance between the faces declines more rapidly, and continuing pres-surization leads to failure.
 The design strategy to maintain coal stability is to ensure that two objectives are achieved: (1) Control the rate of fluid entering the cleat sys-tem so that the leakage to the far-field cleat system is greater than the leak rate through the face of the wellbore, and (2) use sufficient mud weight to reduce the effective stress to less than the shear resistance along the cleat faces, given that some pressure pen-etration is certain to occur.
 ModelingAn existing wellbore-stability model has been extended to model borehole stability in fractured formations, as well as the time effect of the pres-surization of the fractures in the near-wellbore region. The model accounts for dual permeability: an almost impermeable coal matrix and some permeability through the coal
 This article, written by Assistant Tech-nology Editor Karen Bybee, contains high lights of paper SPE 128712, “Utiliz-ing an Engineered Particle Drilling Fluid To Overcome Coal Drilling Chal-lenges,” by Sabine Zeilinger, SPE, and Fred Dupriest, SPE, ExxonMobil Development Company; Ryan Turton, SPE, Esso Australia Pty. Ltd.; and Hayden Butler, SPE, and Hong Wang, SPE, Halliburton, originally prepared for the 2010 SPE Drilling Conference and Exhibition, New Orleans, 2–4 February. The paper has not been peer reviewed.
 An Engineered-Particle Drilling Fluid To Overcome Coal Drilling Challenges
 DRILLING AND COMPLETION FLUIDS
 For a limited time, the full-length paper is available free to SPE members at www.spe.org/jpt.
 Fig. 1—Coal with cleats and frac-tures.

Page 10
                        

In drilling, there is no substitute for the power of experience. Cummins brings over 80 years of experience to the drilling
 market. You won’t find a stronger, more dependable product lineup for drilling applications. Every Cummins oil and gas
 customer has the advantage of proven engine platforms and technology. Plus customer support from our global service
 network. With 5,700 distributor, branch and dealer locations in more than 190 countries and territories
 worldwide. And the strength of Cummins ongoing commitment to the oil and gas market. For more
 important drilling information, see CumminsOilandGas.com.
 ©2010 Cummins Inc., Box 3005, Columbus, IN 47202-3005 U.S.A.
 EVERY™
 SITE.

Page 11
                        

66 JPT • NOVEMBER 2010
 cleats. It is important to note that this borehole-stability model is based on continuum mechanics and may pro-vide only approximate quantitative results. However, the model captures the global conclusions of a fractured/cleated coal system.
 As pressure increases within the cleat, the effective stress declines. While the stress is falling, the shear strength along the cleat declines more rapidly and the stress may exceed the shear strength. When the mud weight is increased, the effective stress is increased, but the shear strength decreases faster. In the ideal case, pressure penetration is prevented completely and the original effec-tive stress and strength are main-tained. The calculation of the stability mud weight then is no different than in intact shale or other homoge-neous material.
 Without cleat sealing, wellbore instability would be observed during normal drilling soon after the coal for-mation is exposed. Thus, it is impor-tant to prevent fluid invasion into the cleats, or slow the flow significantly so that pressure buildup in the near-wellbore region does not occur.
 Drilling-Fluid DesignThis theory was put to the test in the Snapper/Moonfish campaign, off-shore Australia, in 2008. Offset analy-sis of the wells drilled during the previous Snapper/Moonfish drilling campaigns identified the key chal-lenges and critical success factors that needed to be met to execute the proposed extended-reach wells suc-cessfully. The well had to maintain sufficient mud weight to keep the wellbore stable and control stability in several major coal seams. Eight sig-nificant coal seams with thicknesses ranging from 3 to 8 m had to be drilled, along with minor coal seams less than 2 m thick. The team dealt with these demands with changes to the well trajectory and by adapt-ing operational practices to the task. In the original campaign, the 1997 Moonfish drilling campaign consisted of a traditional extended reach S-turn wellbore profile.
 This design basis complicated the drilling problems because it did not separate the wellbore-stability and lost-circulation challenges into dif-ferent hole sections. Toward the
 end of the 12¼-in. intermediate sec-tion, the mud weight could not be maintained sufficiently high to keep the wellbore stable without induc-ing fracture propagation in the low-integrity sands and coals. As a result, a lower-than-ideal mud weight was used and additional problems caused by borehole instability were added to the challenges. To maximize the chance of successful execution of the 2008 wells, a tailored wellbore profile was developed that separated the key challenges into two hole sections. The intermediate hole section was designed to address the mud-weight-dependent wellbore-stability issue, and the production hole section was designed to address the coal-stability problems along with the lower forma-tion-fracture gradients.
 The strategy for fluid design was not to compromise on mud weight required for borehole stability. A quantitative risk analysis determined the optimum mud weight for bore-hole stability to be 12.0 lbm/gal. Another part of the strategy was to formulate the drilling fluid to pre-vent coal instability caused by pore-pressure penetration. A low-fluid-loss nonaqueous fluid was engineered that would block filtrate from entering the cleats, or slow it significantly thus preventing near-wellbore pressuriza-tion. The most effective way to block the cleat entrance was to use a low-fluid-loss fluid, combined with an optimized distribution of engineered particles in the nonaqueous fluid. The particles need to block only the entrance of the pre-existing fractures, creating a superficial bridge there.
 Coal-cleat width was estimated using a large piece of coal recovered from a previous well. The estimated fracture widths were approximately 10 to 350 µm, with no confining pres-sure. However, considering overbur-den at depth, 350 µm can be consid-ered the upper limit in width; actual width could be assumed to be much narrower. The decision was made to minimize the spurt loss and filtration loss of the drilling fluid on a slotted disk 200-µm wide inside a modified typical high-temperature/high-pres-sure fluid-loss cell. The test condi-tions mimicked the actual overbal-ance and temperature of the well to be drilled, 2,000-psi differential pressure and 250°F, respectively. The particle
 types and distributions selected for testing were a combination of model-ing particle bridging of a 200-µm gap and experience. Blend Number Six shows the lowest spurt and filtration loss. The optimum particle sizes are a wide distribution of calcium carbon-ates, graphite, and fibers.
 Additional testing on aloxite disks (5, 90, and 190 µm) yielded low fluid loss across all permeabilities: 5.9, 4.8, and less than 2 mL (all with a 30-min-ute test duration). The fluid thus optimized was ready for application.
 Additional consideration was given to solids control. As is clear from the particle-size distribution of the target blend of the particles, shale-shaker screen sizes typically used for non-aqueous fluid cannot be used without significant loss of blocking material. A model was run to estimate loss of particles as a function of screen size, and the resulting optimum screen size was chosen.
 ResultsThe drilling-fluid program was exe-cuted without surprises. The special-ly formulated drilling fluid was dis-placed into the hole at the beginning of the production interval. As drilling continued, rheology and particle-size distribution were monitored closely and remained stable throughout the hole section. The limited solids con-trol allowed the low-gravity solids to increase more than 14 vol%, but flow properties and gel strengths were not affected adversely. The production hole remained very stable, with only small amounts of coal instability. It appears that both mud-weight selec-tion and use of blocking particles to limit fluid invasion into the cleats were successful in maintaining bore-hole stability.
 The team achieved an increase of drilling performance in comparison with the 1997 drilling campaign by significantly reducing the trouble time experienced as a result of the focus placed on wellbore quality. Application of the performance-man-agement process addressed the bore-hole behaviors that had lowered the results of previous wells and simulta-neously achieved record-setting per-formance. The process ensured that limiters (such as borehole instabil-ity) were addressed with equal rigor, technology, and workflow. JPT
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 Often the range in drilling-fluid densi-ties required to prevent hole collapse without fracturing the wellbore (i.e., the safe drilling window) is narrow. This often is the case for wells hav-ing high deviation angles, and is of particular concern in extended-reach-drilling (ERD) wells. With increasing stepouts, the drilling equivalent circu-lating density (ECD) continues to climb with increasing measured depth (MD) while the true-vertical depth (TVD) remains fairly constant.
 IntroductionThe drilling of challenging wells often is characterized by a narrow safe drilling window, with the frac-ture-initiation pressure as the upper bound and the wellbore hole-collapse pressure as the lower bound. For those cases where the collapse pres-sures are below the pore pressure, the pore pressure then serves as the safe-drilling-window lower bound. The safe drilling window commonly is gauged in terms of equivalent mud weight (EMW) and represents the acceptable range of density for main-taining wellbore stability. When the
 wellbore is circulated, for example during drilling operations, the EMW is equivalent in value to the ECD. When the wellbore is static, the EMW is equivalent in value to the equiva-lent static density (ESD). Depending on the downhole pressure and tem-perature conditions, the ESD often is not equal to the density measured under ambient conditions, especially when drilling with invert-emulsion drilling fluids (IEFs).
 In the modeling of stresses around an intact wellbore, the safe drilling window becomes more narrow with increasing hole angle. Specifically, a deviated wellbore profile requires increased EMW to prevent collapse and reduced EMW to initiate frac-tures. Hence, in ERD wells, the safe drilling window can become very nar-row at the higher angles of deviation.
 In the drilling of ERD wells having long departures, the ECD will contin-ue to increase with increasing MD, as the frictional pressure produced while circulating increases with hole length while the TVD does not
 increase by much, if at all. The effect of ECD in these kinds of wells serves to increase the operating EMW to the point where the upper bound of the safe drilling window can be violated and initiation of wellbore fracturing is predicted. Consequently, much effort has been focused in recent years to widen the safe drilling window safely without sacrificing wellbore stability.
 Widening the Safe Drilling WindowGiven a particular field application that exhibits a narrow safe drilling-window profile, the choices available to the drilling engineer include the following.
 • Drill within the bounds of the narrow window, reducing the drilling-fluid density and/or fluid rheology as needed to obtain reduced ECD. Much of the attention of the drilling-fluids industry has been devoted to this area of study, often without success.
 • Investigate the possibility of increasing the upper bound of the safe drilling window to obtain
 This article, written by Assistant Tech-nology Editor Karen Bybee, contains highlights of paper SPE 132207, “Changing the Safe Drilling Window With Invert Emulsion Drilling Fluids: Advanced Wellbore Stability Modeling Using Experimental Results,” by Terry Hemphill, SPE, Halliburton; William Duran, SPE, Saudi Aramco; and Younane Abousleiman, SPE, Vinh Nguyen, SPE, Minh Tran, SPE, and Son Hoang, U. of Oklahoma, origi-nally prepared for the 2010 CPS/SPE International Oil and Gas Conference and Exhibition in China, Beijing, 8–10 June. The paper has not been peer reviewed.
 Changing the Safe Drilling Window With Invert Emulsion Drilling Fluids
 DRILLING AND COMPLETION FLUIDS
 For a limited time, the full-length paper is available free to SPE members at www.spe.org/jpt.
 Fig. 1—Shale cohesive strength for four fluid types; K=thousand.
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 higher fracture gradient(s). With rock-mechanics modeling, it can be seen that current industry-accepted attempts to reduce permeability at the wellbore wall through enhanced sealing/particle-plugging efforts can produce higher formation-fracture-initiation pressures.
 • Investigate the possibility of decreasing the lower bound of the safe drilling window to obtain lower densities to prevent hole collapse. Theoretically, this can be achieved by manipulating drilling-fluid chemistry to strengthen the rock at the wellbore wall. Recent work performed in this area showed changes in the strength of tested shales after exposure to certain IEFs. The full-length paper shows the possibilities of harnessing this technology to widen the safe drilling window.
 Previous Experimental Work Previous papers have discussed the experimental procedures and results of using IEF chemistry to alter the mechanical properties of shales. Using a special test device, a small rock sample (0.8×0.28 in.) exposed to a circulating fluid while subjected to confining pressure can be sheared after a set exposure time. Results then can be compared to determine changes in the original rock strength resulting from exposure to the drill-ing fluids.
 Measurements for rock strength first were made using a mineral oil to obtain the baseline case for no
 rock/fluid interaction. The samples were circulated with fluid across the faces for a 3-hour exposure period and then were sheared with a con-trolled ramp up in applied load. The stress required to achieve rock failure was recorded for each test. Following the tests with mineral oil, tests with three IEFs were run, with the only difference in formulation between them being their water-phase salinity (WPS) levels:
 • 50,000 ppm calcium chloride (CaCl2) WPS (0.986 activity)
 • 200,000 ppm CaCl2 WPS (0.83 activity)
 • 350,000 ppm CaCl2 WPS (0.521 activity)
 This wide range in WPS was used to ensure that changes in rock strength resulting from interaction with the fluid could be detected. The West Africa shale was reported to have a native WPS of 150,000 ppm CaCl2equivalent (0.899 activity). Rock mechanical properties commonly used in wellbore-stability modeling were derived from the experimental results. Fig. 1 shows the results for the shale cohesive strengths for the four fluids tested. Even with only a 3-hour exposure time, changes in rock strength were evident. In Fig. 2,the Mohr failure lines are plotted for the four fluids as a function of normal stress up to 10,000 psi. These lines are used in wellbore-stability modeling to predict levels of shear required for rock failure on the basis of the drilling conditions in a simulated scenario.
 On the basis of the experimental results using the tests with mineral oil as the baseline, pertinent conclu-sions reached included the following:
 • The low-WPS IEF weakened the West Africa shale the most.
 • The intermediate-WPS IEF weak-ened the West Africa shale somewhat.
 • The high-WPS IEF strengthened the West Africa shale.
 • The measured changes in rock strength were consistent with indus-try-accepted IEF osmotic-pressure theory and IEF membrane-efficiency theory for shale/fluid interaction.
 • An IEF with a WPS equal to the West Africa shale connate-water salin-ity (e.g., a “balanced” activity fluid having a WPS of 150,000 ppm CaCl2) would have weakened the shale more than the intermediate-WPS IEF. To stabilize the shale while in contact with the IEF, the shale “chemome-chanical balance” would have to be determined experimentally.
 Modeling of Experimental ResultsAs an example of a complex chal-lenging well, an ERD well drilled in 4,000 ft of water is used in the mod-eling presented. In-situ stress anisot-ropy is introduced to show the effects of unequal stresses in the horizontal drilling plane on hole-collapse pres-sures. These pressures were modeled using the shale mechanical properties derived from the experimental results. First, results are presented from con-ventional elastic modeling that does not take into account any changes in pore pressure. Advanced poroelastic and porochemoelastic (PCE) model-ing then are used to show the effects of the 3-hour exposure on the densi-ties required to prevent hole collapse. Finally, predictions then are made for the rock after a longer 10-hour exposure to the IEFs. For all cases, the ultimate effects on changing the magnitude of the safe drilling win-dow are discussed. The many drill-ing and rock parameters used in the modeling are shown in Table 1 in the full-length paper.
 In addition to rock properties, well-bore hydraulics also plays an impor-tant part in defining the safe drilling window. Hydraulic simulations were run at 9,500 ft TVD for three different MDs typical of ERD wells:
 • 15,000 ft
 Fig. 2—Shear stress for failure vs. normal stress for four fluid types.
 500
 1,000
 1,500
 2,000
 2,500
 3,000
 0 2,000 4,000 6,000 8,000 10,000
 Normal Stress, psi
 Shea
 r Str
 ess
 for F
 ailu
 re, p
 si
 Base (min oil) 50K ppm IEF 200K ppm IEF 350K ppm IEF

Page 14
                        

• 20,000 ft • 25,000 ft Downhole density projections for
 each of the rock-failure models and calculated ECDs while pumping at 500 gal/min for the three MDs are found in Table 2 (elastic model), Table 3 (poroelastic model), and Table 4 (PCE model) in the full-length paper. A single set of fluid rheological prop-erties was used in all calculations. In this example, as a result of the cool-ing effect of the long water column, the ESD at TVD is higher than the measured surface mud weight and the ECD will raise the downhole densi-ties even more. However, to keep the wellbore stable while on trips or while not pumping, the ESD always should be greater than the predicted hole-
 collapse pressures. So the ESD serves as the lower limit on fluid density in a stable wellbore for the case presented.
 ConclusionsA number of conclusions can be drawn from the material presented in the full-length paper:
 • Significant changes in the width of the safe drilling window can be achieved through manipulation of WPS of IEF. These changes can both widen and narrow the safe drilling window for a given angle of deviation.
 • Changes in the safe drilling win-dow caused by the changes in IEF chemistry also can be seen in changes in the lengths of stepouts permitted by ECD in stable (i.e., noncollapsing) boreholes.
 • Elastic modeling is useful for studying trends in hole-collapse pres-sures for fluids that do not react with the formation.
 • While poroelastic modeling takes into account changes in pore pressure resulting from fluid invasion into or out of a wellbore, it tells only part of the story for IEF. The changes in rock strength resulting from manipulation of the chemistry of IEF are simulated better by use of PCE modeling.
 • As the wellbore-stability models for predicting hole collapse improve with detail in predictions, they also require increased numbers of input parameters. For those cases where little input data is available, the use of highly input-driven models such as the PCE model may not be warranted. JPT
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