


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                            
                            
                        

                    

                

                
                    
                                                    Log in
                            Upload File
                                            

                

            


            	Most Popular
	Study
	Business
	Design
	Technology
	Travel
	Explore all categories


        

    





    
        
            
                
                    
                

                

                    
                        spe 167725 numerous technological improvements slash...

                    


                    
                        
                            	Home
	Documents
	SPE 167725 Numerous Technological Improvements Slash ...my-spread.com/files/3575/SPE-167725-MS[1].pdf · Numerous Technological Improvements Slash Drilling Times in ... spud to cementing


                        

                    


                    




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

12
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            


            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
            SPE 167725 Numerous Technological Improvements Slash Drilling Times in the Horn River Basin Hammad Zafar, Yiming Ji, Hassan Sattar Nexen Energy ULC Copyright 2014, Society of Petroleum Engineers This paper was prepared for presentation at the SPE/EAGE European Unconventional Conference and Exhibition held in Vienna, Austria, 25–27 February 2014. This paper was selected for presentation by an SPE program committee following review of information contained in an abstract submitted by the author(s). Contents of the paper have not been reviewed by the Society of Petroleum Engineers and are subject to correction by the author(s). The material does not necessarily reflect any position of the Society of Petroleum Engineers, its officers, or members. Electronic reproduction, distribution, or storage of any part of this paper without the written consent of the Society of Petroleum Engineers is prohibited. Permission to reproduce in print is restricted to an abstract of not more than 300 words; illustrations may not be copied. The abstract must contain conspicuous acknowledgment of SPE copyright. Abstract Drilling Performance has improved multifold in the Horn River Basin since the start of activity about four years ago. In its early days a typical well would take about 40 days to drill from spud to cementing the production casing. A range of improvements have happened over the course of last four years which have reduced the drilling time by a factor of 3 despite the wells getting more complex. A number of different technologies have been applied in order to bring these improvements. Some of the examples are pad rig moving system, bigger drill pipe, rotary steerables, managed pressure drilling, high temperature motor elastomers along with time tested project management practices of performance monitoring and improvement by comparison with yardsticks established to challenge the status quo. One such measure of performance is meters per day average achieved from spud to rig release. Some of the recent wells which were drilled to around 5000m accomplished 438 m/day which is an industry record in the Horn River Basin. This was not just a onetime feat. The same performance was repeated on the next two wells. Drilling for Gas in Western Canada is challenged by the price of gas in the current economic environment. Cost cutting by performance improvement provides the means of meeting the challenges posed by this environment. In comparison to the early wells the recent performance offers a cost reduction of 40Million dollars over the course of a 20 well pad, which is significant in determining the net present value of the asset. Horn River Basin Horn River Basin is the third largest resource play in North America and is located in North Eastern part of the British Columbia province of Canada. The nearest inhabitation is the small city of Ft Nelson. The shale package at about 2500m TVD is up to 320m thick in the Ft Nelson area. Although first described in 1922 from an outcrop on the banks of Horn River, a tributary of the Mackenzie River, the first exploratory activity for Shale Gas was not until 2006-7[1]. The target in this basin are three gas bearing formations namely Muskwa, OtterPark and Evie which are tight shales and require fracturing in order to release gas. The field development plan calls for multiple parallel horizontal wells drilled at around 300-400m spacing determined by the fracture propagation lengths in each formation. The horizontal is then fractured at regular intervals along the length. A number of horizontals are grouped together and drilled from one surface location in order to minimize the environment impact. These surface locations are called pads which are typically built for 20 wells in two rows of 10 wells each. Rig Moving System helped reduce the flat time The first wells and thereafter the first pad were drilled with a conventional rig. Drilling multiple wells from the same pad brought rig move time onto the critical path and resulted in rig upgrades for moving systems. Figure 2 shows the picture of a moving system lifting pod. Four of these hydraulic jacks essentially lift up the entire substructure and mast with full compliment of tubulars and have the ability to stroke in any direction upto 1m at a time. Wellheads are spaced 5m apart and 
        

        
    






				            

        

    









                    
                        
							Upload: trinhtuyen
                            Post on 19-Mar-2018

                            220 views

                        

                        
                            Category:
 Documents


                            3 download

                        

                    


                    
                        
                            Report
                        

                                                
                            	
                                    Download
                                


                        

                                            


                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                                    
Pinterest

                        
                    


                    
                

                

                    
                    
                        Embed Size (px):
                            344 x 292
429 x 357
514 x 422
599 x 487


                        

                    

                    

                    

                    
                                        
                        TRANSCRIPT

                        Page 1
                        

SPE 167725
 Numerous Technological Improvements Slash Drilling Times in the Horn River Basin Hammad Zafar, Yiming Ji, Hassan Sattar Nexen Energy ULC
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 Abstract
 Drilling Performance has improved multifold in the Horn River Basin since the start of activity about four years ago. In its
 early days a typical well would take about 40 days to drill from spud to cementing the production casing. A range of
 improvements have happened over the course of last four years which have reduced the drilling time by a factor of 3 despite
 the wells getting more complex.
 A number of different technologies have been applied in order to bring these improvements. Some of the examples are pad
 rig moving system, bigger drill pipe, rotary steerables, managed pressure drilling, high temperature motor elastomers along
 with time tested project management practices of performance monitoring and improvement by comparison with yardsticks
 established to challenge the status quo.
 One such measure of performance is meters per day average achieved from spud to rig release. Some of the recent wells
 which were drilled to around 5000m accomplished 438 m/day which is an industry record in the Horn River Basin. This was
 not just a onetime feat. The same performance was repeated on the next two wells.
 Drilling for Gas in Western Canada is challenged by the price of gas in the current economic environment. Cost cutting by
 performance improvement provides the means of meeting the challenges posed by this environment. In comparison to the
 early wells the recent performance offers a cost reduction of 40Million dollars over the course of a 20 well pad, which is
 significant in determining the net present value of the asset.
 Horn River Basin
 Horn River Basin is the third largest resource play in North America and is located in North Eastern part of the British
 Columbia province of Canada. The nearest inhabitation is the small city of Ft Nelson. The shale package at about 2500m
 TVD is up to 320m thick in the Ft Nelson area. Although first described in 1922 from an outcrop on the banks of Horn River,
 a tributary of the Mackenzie River, the first exploratory activity for Shale Gas was not until 2006-7[1].
 The target in this basin are three gas bearing formations namely Muskwa, OtterPark and Evie which are tight shales and
 require fracturing in order to release gas. The field development plan calls for multiple parallel horizontal wells drilled at
 around 300-400m spacing determined by the fracture propagation lengths in each formation. The horizontal is then fractured
 at regular intervals along the length.
 A number of horizontals are grouped together and drilled from one surface location in order to minimize the environment
 impact. These surface locations are called pads which are typically built for 20 wells in two rows of 10 wells each.
 Rig Moving System helped reduce the flat time
 The first wells and thereafter the first pad were drilled with a conventional rig. Drilling multiple wells from the same pad
 brought rig move time onto the critical path and resulted in rig upgrades for moving systems. Figure 2 shows the picture of a
 moving system lifting pod. Four of these hydraulic jacks essentially lift up the entire substructure and mast with full
 compliment of tubulars and have the ability to stroke in any direction upto 1m at a time. Wellheads are spaced 5m apart and
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 typical move between the two wells was reduced to 2-3 hours. The next step was to avoid positioning of the entire rig
 equipment in order to facilitate the move. This was accomplished by designing an umbilical system based on moving
 suitcases as shown in Figure 3. Each suitcase comprises of mud lines, well control fluid lines and all electrical lines
 connecting the centrally located rig complex to the drill floor. The number of suitcases required is determined by the distance
 between the central rig compound and the farthest well on the pad. This farthest well is normally chosen to be the first one to
 drill so that the suitcases and lines can be tested in their most extended configuration.
 On the last four pads the flat time from bumping the plug to drilling out of shoe track on the subsequent well came to less
 than 24 hours. This included. Laying down the landing string, moving the rig to the next well, nipple and pressure test BOP
 and Choke Manifold, run in the hole and drill out the surface casing shoe track.
 This time was also helped by improvements in BOP nipple up time with the introduction of speed-loc type connection
 between the top wellhead flange and bottom BOP flange. This connection could be taken apart in a matter of minutes as
 opposed to conventional flanged connection.
 Well Design and Drilling Risks
 The early wells utilized a conventional 3-string casing design with surface, intermediate and production casing strings. The
 surface casing was used to cover the ground waters and would be set above the loss bearing zone. The intermediate casing
 was set just inside the Muskwa target formation and then the production casing was designed for fracing and was set at the
 TD of the well. Earlier well design and the slim down version are shown in Figure 1. It was possible to eliminate the
 intermediate casing when it was established that the increase in mud weight does not help keeping gas in the formation pores.
 The surface casing was pushed into the Shunda Formation just below the loss zone in Debolt formation as the initial wells
 showed no evidence of hydrocarbon bearing zones above that. The formation strength of 18-21 KPa/m in the Shunda proved
 to be sufficient for drilling to the total depth of the well at ~2600m TVD with mud weights in the 1300-1400 kg/m3 range.
 The gas contained within the fractures that was liberated by the drilling process was circulated out of the system using a
 rotating head and a high capability gas separator (65 MCFD) allowing drilling with reduced weight while flaring the gas.
 This process lead to carrying two separate drilling fluid systems. A drilling weight fluid and kill weight fluid. Drilling weight
 was typically kept around 1030-1080 kg/m3 and kill weight ranged from 1300-1380 kg/m3. Drilling fluid was used for
 drilling of the interval and prior to tripping, well was displaced to kill fluid in order to maintain conventional barriers.
 Pushing the surface casing below Debolt posed some challenges with cementing above the loss zone. Zonal isolation was
 required below the loss zone in order to allow for drilling to TD and above the loss zone for protecting the ground waters.
 External Casing Packers (ECPs) and Stage tools were utilized in a two-stage cementing technique. The first stage established
 isolation below the loss zone and the second stage was pumped after setting two tandem ECPs above the loss zone through a
 stage tool. The reliability of stage tools should be looked at closely. A few lessons were learned in utilizing the balance
 inventory from two years old project. Even after passing function and pressure testing in the lab, the tools did not hold
 pressure upon closing in the field and resulted in extra Wait on Cement time in some cases. The placement of ECPs in the
 wellbore also requires attention. Setting the ECP in a washed out zone reduces its sealing ability and in some cased called for
 a top up job from surface.
 Lower drilling weight had the potential for instability in the shallower formation overlaying the reservoir zone namely the
 Fort Simpson Shale. The instability was realized on two occasions leading to stuck pipe and side tracks. Further study linked
 this phenomenon to inclinations exceeding 40 degrees at 30 to 60 degree and 210 to 240 deg azimuth ranges. Subsequent
 wells were planned to avoid these angles in the Ft Simpson formation.
 Maximizing Exploited Reservoir with Negative Section
 The first generation of wells were drilled vertically down to kick off point and thereafter a straight build to land into the
 target formation. The trajectory consumed a vertical section of about 450m between the surface location and the heel of the
 lateral section. With pads the need for drilling the farther outside lateral sections required some changes to the trajectory.
 There were two available options.
 1- Drill straight to a shallower KOP and then build and turn to land. This approach resulted in deeper KOPs which was
 perceived as a benefit from performance perspective since it was possible to drill to KOP with minimal sliding and
 was the first one to be adopted.
 2- The second approach was to kick off at a shallower depth and hold a low angle tangent to gain the separation
 required to land at the heel of the lateral section. The tangent section required more sliding and was seen as less
 favorable- later on this approach was adopted as a standard especially as well designs evolved to minimize the
 unused vertical section.
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 Figure 4 illustrated a plan view of both approaches implemented on the c-1-J pad. The 9 wells drilled in 2010
 implemented the first approach and had their heels at about 450m of vertical section from the surface location. The 2013
 wells are planned using fish hook design whereby the heels were at a negative section behind the surface location on nine out
 of the ten new wells in order to exploit the full extent of reservoir. The middle well could not be planned with a negative
 section due to concerns with proximity of previous wells which were all on production.
 A newer approach to pad planning is shown in Figure 5 which shows the plan view of the d-37-H pad. The key difference
 here is that the south row of wells was used to drill the north laterals and the north row of surface locations was used to drill
 the south laterals. The approach reduces the extent of negative section while maximizing the exploited reservoir underneath
 the surface location.
 From an operational standpoint pad drilling poses the challenge of close proximity when drilling surface holes, since the
 wellheads are only spaced 5m apart. All the surface holes were drilled as a batch which meant that the risk of collision with
 another surface hole was financial only since none of the close wells had penetrated the reservoir section. The risk was
 further minimized by managing the drilling sequence and nudging strategy. The nudges were planned such that by the end of
 surface hole phase all wells were at least 20m apart. The drilling sequence is shown in Figure 8. Surface Holes for wells 1, 3,
 5, 7, 9 were drilled using conventional MWD since they were 10 m apart. Surface Holes for 2,4,6,8 and10 were drilled using
 scribe line to orient the toolface for the first 200m till it was possible to get clean MWD signal. The technique was cost
 effective in managing the risk and was used on all pads. All surface holes were designed to nudge at 75m which is 40m
 below the surface conductors and all wells are planned to nudge away in opposite directions,
 The main holes were planned with three difference dogleg severities. Low doglegs of 2 to 2.5 deg/30m were used to get to
 the tangent angle of 15-35 degrees depending on the position of well on the pad. The final approach to heel utilized
 3.5deg/30m in Ft Simpson and 5 deg/30m below Ft Simpson into the target zone. Ft Simpson has historically proven
 unpredictable for dogleg response. Initial wells planned with 5 deg/30m saw multiple trips in Ft Simpson to adjust the motor
 bend settings. It is an added benefit of fish hook design wells that it allows for low angles through Ft Simpson without
 compromising the vertical section.
 Drill String Selection
 The initial wells were drilled with 4” drill string which was replaced with 5” pipe on the next pad. The main drivers were
 better toolface control and hydraulics. C-1-J pad and a few wells at the start of b-77-H pad were drilled using 5” E75 and X95
 pipe with NC 50 connections. Although the pipe had adequate tensile strength, the torsional limits of the tool joints were
 reached while drilling the lateral section especially on the outside wells. This would lead to drilling with reduced parameters
 such as RPM and WOB. Figure 6 shows the operating parameter in relation to torque limits of different tool joints.
 The entire string was replaced with 5” string with high torque connection string with two different weight ranges- the
 conventional 19.5 lb/ft and the heaveier pipe 25.6 lb/ft. The connection torsional limit was high enough for the drilling
 operations. However the length of the wells and high flow rates required to maintain hole cleaning with high ROP
 highlighted the the inner diameter restriction of the heavier pipe. A valuable lesson on hole cleaning was learnt on one of the
 wells whereby not enough RPM and flow while maintaining ROPs exceeding 60m/hr in the lateral section lead to pack off,
 stuck pipe and side track.
 A range of practices were implemented for achieving adequate hole cleaning which are discussed in the following section.
 One of the measures taken was to alleviate the flow restriction by upgrading the string to 5.5” high torque connection. The
 connection was selected such that its OD matched NC50 connection and therefore did not reduce the pipe racking capability
 of the rig. The string of choice for the project which meets the hydraulics, torque and drag requirements of these wells is a
 combination of 5.5” 21lb/ft and 24.7 lb/ft S135 pipe with high torque connection allowing around 35 kft-lbs of operating
 torque.
 Directional Technologies
 The main hole can be divided into two sections for the purposes of directional technology selection. The first section is from
 drillout of surface casing to the heel. The initial build, tangent, final build and landing to heel are the main objectives of this
 section and as such drive the motor selection along with the desire to maximize the ROP. The starting point was Extended
 Power Section motors which were then replaced by Even Walled motors due to their superior torque characteristics and better
 steerability. Longer power section motors (also called Greater Torque Motors) with Hard Rubber and 7” bearing sections
 have also been used and are able to provide the same level of torque and steerability performance as even walled motors. 7”
 bearing sections has in general shown better steerability in this section in comparison with 6 ¾”.
 The combination of High Temperatures and Oil Based Mud in the reservoir section had the predictable effect on motor
 elastomer. There was a rash of chunking related motor failures. These failures were traced back to elastomer swelling and the
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 need to manage the rotor stator fit. Terms like single oversize and double oversize surfaced very frequently in motor selection
 conversations. Single oversize being a motor with slightly oversize stator but conventional rotor and double oversize was
 achieved by using an undersize rotor in an oversize stator. Both the concepts helped in managing the motor life, however
 there was a price in the form of performance. Motor torque capability reduces with oversize and is further derated for
 elastomer swell. The motors which were used in the hole were typically operated at about 40% of the operating capability in
 conventional low temperature environment. New elastomer compounds evolved such as NBR-HR and UF 180 which exhibit
 lesser swelling in OBM and allow higher torque transmission. The single oversize and double oversize fits however stay and
 result in dreation of capability while drilling.
 Hole Cleaning Practices
 This discussion focusses around OtterPark B formation which is rich in clay and organic content and usually shows superior
 ROPs. A comparison of average ROPs (including connection time) in the three reservoir target zones is presented in Table 1
 below.
 Average Lateral Section ROP, m/hr
 Pad Otter Park Muskwa Evie
 #1 19.6 12.7 13.7
 #2 28.8 21.6 15.8
 #3 32.1 23.5 20.1 Table 1: Comparison of lateral section ROPs in different reservoir
 formations. Newer development in Bit technologies and directional
 technologies have allowed for increase in lateral section ROPs over time.
 Better ROP however doesnot equate to easy drilling. With faster ROPs hole cleaning becomes a bigger issue. Two
 consecutive Otter Park B wells were drilled with great difficulties with several wiper trips and instances of back reaming. A
 stuck pipe incident eventually happened while drilling a third Otter Park B well last year. Invaluable lessons were learnt on
 hole cleaning and drilling practices. 222mm bit coupled with a high torque motor set at 1.83 bent housing was used to drill
 from the surface casing at 800m to the landing point of the well at about 2850m in the OtterPark B formation. The bottom-
 hole assembly comprised of 70 joints of heavy weight drill pipe for efficient weight transfer. This same assembly was then
 continued on for drilling in the lateral section. Whereas the bit and motor combination delivered very high ROPs of 60-
 80m/hr, the drilling parameters were continually reduced in order to meet the operating limitations for RPM and standpipe
 pressure. The surface RPM was limited to 60 due to motor bent housing. Flow rate was slowly reduced from 2m/min to 1.7
 m3/min due to steadily increasing pressures. After a record run of almost 900m in merely 19 hours in the lateral section
 drilling had to be stopped due to high pump pressures and rotary torque. Back reaming was started with minimum parameters
 as torque spikes, temporary loss of rotary and unstable pump pressures were experienced. The hole started to unload a
 significant amount of cuttings after 800m of back reaming. Upon tripping thereafter no indication of hole cleaning issues
 were seen for around 250m. However, while an attempt was made to pull without pumping or string rotation, the hookload
 immediately climbed up. The mud pumps were then brought online and the pipe became stuck. All the attempts made to
 regain pipe movement thereafter were unsuccessful. This stuck pipe incident consequently led to an expensive two-week
 fishing job which had to be undertaken in order to get to the reservoir zone for achieving isolation with cement plugs prior to
 side tracking.
 The following root causes have been identified after close evaluation of this incident:
 1. Management of Change: Build BHA with 1.83 bent housing was taken into the lateral with the view to eliminate the
 trip at landing point. 1.83 bent housing posed restrictions on the surface RPM. The heavy weight pipe which was
 part of the build string now became a liability and was contributing to additional torque in the lateral. The heavy
 walled pipe which was normally displaced by lighter pipe at the trip upon landing was now on bottom and acted as
 bottleneck for flow rate which had to be cut back in order to respect the surface equipment pressure limitaitons.
 High ROP with lesser flow and less RPM was the unfortunate recipe for leaving a bed of cuttings big enough to
 cause pack off.
 2. Dilling mud Properties: The management of mud properties was focused on mud density and low gravity solids. The
 impact of rheology was not very well understood and the Fann reading were allowed to slide. The fluid that was part
 of the stuck pipe incident had very low 3 and 6 rpm readings in the range of 2-3. Learning from this incident the 6
 and 3 rpm values were increased to the order of 8-10 on subsequent wells which helped in hole cleaning. Obvious
 difference was seen at the end of build sections. With the thinner mud upon displacement to kill mud an
 overwhelming amount of cuttings were seen at surface which would typically lead to flooding the shakers and
 sometimes plugging the UBD equipment. With the improved low end rheology the drilling mud was sufficient in
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 cleaning the hole. The displacements to kill mud were not accompanied with an overwhelming amount of cuttings
 any more.
 3. Torque and Drag Monitoring: The lateral section saw minimal sliding with no slides in the last 900m of drilling.
 Whereas this was good for on bottom drilling performance, it also meant that the BHA was never picked off bottom
 without rotation to establish benchmarks for drag. This highlighed the weakness in the torque and drag monitoring
 process.
 4. The ROPs in the lateral had steadily improved over the years with the advent of new technologies in motor
 elastomers and aggressive bits. The hole cleaning practices especially at TD had not evolved however. Vertical hole
 mentality was prevalent, whereby one bottoms up was performed at TD and then the string was pulled out of hole in
 the interest of saving time. This well did not even have the ability of one bottoms up where it was packed off. But
 when the opportunity manifested itself after 800m of backreaming when full circulation was regained and well
 uloaded lots of cuttings, this mindset once again dominated and tripping was commenced without ensuring an
 entirely clean hole, leading to costly side track.
 Learning from the incident root cause analysis the following measures were adopted:
 1. The build section BHA with 1.83 degree bent housing is allowed to drill a maximum distance of 200m after the well
 is landed. A trip is mandated to change the BHA at this point. The 200m interval in the lateral is usually a section
 whereby string is rotated from surface for 80-90% of the time which allows for cleaning of hole from cuttings
 potentially accumulated during the build section whereby sliding is predominant.
 2. A rotary steerable BHA is preferred to drill the lateral section using 160-180 surface rpm. This is backed up by a
 conventional lateral section BHA with 1.5 degree bent housing which can also be rotated at 100rpm.
 3. Prior to any trip out of the hole after landing, the well must be circulated for minimum 2 full bottoms up followed by
 displacement to kill mud and another 2 full bottoms up with heavier kill mud. Maximum rotary speed and pump rate
 are to be maintained while circulating. Studies were performed to understand the amount of circulation required to
 clean the hole which indicated 8-9 bottoms up. In practice it was established that 4-5 bottoms up would accomplish
 the same result.
 4. Maintain the 6 rpm and 3 rpm Fann readings of the drilling mud between 8 and 10 throughout the lateral section.
 5. A down-hole drag model utilizing different friction factors must be established to monitor trends in drag as early
 warning signs for poor hole cleaning. Once in the lateral section, the drillstring is worked full stand after 5 stands of
 drilling. These up and down hookloads are recorded by the driller and compared by the engineer with the model
 data.
 The measures have been largely successful. Todate, five more OtterPark wells have been drilled without any issues after
 adopting the new practices. Three of them set new industry records in the Horn River basin achieving 431m/day, 438 m/day
 and 442 m/day from spud to rig release, largely due to the superior ROPs in the lateral section.
 The Case for Rotary Steerable System (RSS)
 Drilling the lateral section with motors became increasingly inefficient with the need to stay in specific formations in longer
 laterals. The ROP performance with motors left a lot more desired due to differential pressure derating of the elastomers and
 clearance fit between rotor and stator. This opened the door for experimentation with Rotary Steerable Systems whereby it
 was possible to maintain directional control in the lateral section without using a downhole motor. An additional benefit was
 better hole cleaning - a key focus after the afore mentioned stuck pipe event.
 The learning curve with the implementation of RSS was fairly long and took some perseverance from the drilling team. The
 first run with the rotary steerable although saw correct response from the tool however exposed surface problems with the
 Top Drive System. The control loop was unshielded from power chords which introduced higher frequence noise when
 operating the TDS at higher RPM. The noise simulated braking action resulting in abnormally high torque at the TDS. On
 that particular well a separate torque sub was utilized on experimental basis below the TDS quill, which was very helpful in
 relating the source of erratic torque to surface equipment. After shielding the surface control loop, the problem went away.
 One of the difficulties with drilling the build with motors and then running RSS for the laterals in the same hole size is ability
 to run past the build section. The best build BHA for these formations is a slick BHA whereby there is no stabilization on or
 above the motor. It results in somewhat higher tortuosity but is preferred due to interbedded formation sequence which
 results in hanging up when using stabilizers. The higher tortuosity however posed problems when the same gauge stabilized
 BHA is attempted to run through this hole and results in excessive reaming. The solution to this problem was downsizing the
 lateral section. The combination that worked utilizes 222mm hole with slick motor BHA whereas a 216mm fully stabilized
 RSS BHA is then used to drill the lateral section.
 Following benefits were seen from utilizing RSS in the lateral section.
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 Consistent On-Bottom ROP: Without a downhole motor there was no motor differential to manage and therefore it
 was possible to maintain consistent WOB and ROP.
 Longer Bit Life: Consistent WOB meant that the bit was not exposed to erratic weight transfer that happens while
 sliding.
 Lesser Toruosity: The entire lateral was drilled in rotation eliminating any micro doglegs from slides.
 Better Hole Cleaning: Continuous high RPM of 160-180 combined with high flow rate allowed better removal of
 cutting beds from the lateral section.
 Casing Run: It was possible to achieve faster casing runs. Typical wells drilled with motors left a bed of cuttings in
 the hole due to restriction on RPM imposed by motor bent housing. Casing runs were longer in wells drilled with
 motors as the hookload would deplete down to traveling assembly weight partway in the lateral requiring the casing
 to be worked to bottom. A cleaner lateral section with RSS would allow casing all the way to the planned total depth
 with sufficient hookload to allow for setting the wellhead mandrels. A comparison of casing running speeds in wells
 drilled with motors and RSS is presented in Figure 7.
 From a performance perspective better on-bottom ROP, fewer bits runs and smoother casing runs, directly contributed to
 reducing the overall drilling time, more than offseting the cost of running the RSS tools.
 Performance Benchmarking
 The implementation of new technologies is driven by a rigorous performance monitoring and benchmarking process.
 Benchmarking of performance data is structured to rank well to well performance and set targets to build on the results. Each
 well is divided into various intervals for tracking depth, duration, and non-productive time (NPT) and are as follows:
 Move and Nipple Up: Starts when the landing joint on the previous well is laid down after completing the cement
 job and includes the time required for moving the rig over well center, pressure testing BOPs, and running in the
 hole and drilling out the casing shoe.
 Drill to Landing Point: Calculated from the time new formation is drilled below the surface casing until reaching the
 landing point usually at 90 deg and about 2800 meters measured depth.
 Tripping Time: Time required for pulling out and running back in the hole. This could be either to pick up a new bit
 or for a BHA change
 Drill Lateral: Duration to drill from landing point to the final total depth including any trips
 Flat time at TD: Circulate, trip out, run production casing, and cement.
 NPT events are recorded separately and their duration is excluded from the total time in order to align the results
 from each well.
 This data is used in developing AFE time and cost estimates for upcoming pads. The results from all wells on the previous
 pad are used to determine the average and the fastest times for each of the categories described earlier. The shortest durations
 are added to get the P10 and the average times are used for calculating the P50 estimates. AFE generation requires a precise
 estimate for the total number of days needed for drilling the wells being planned. Each well has a unique profile which results
 in varying landing points and total depths. In this case ROP information from similar wells is used for calculating the
 estaimted time for drilling the vertical and horizontal sections. The P50 averages for ROP in the build and lateral sections are
 applied to the actual lengths of each well to get an accurate time estimate. Aggregated performance KPIs are used for flat
 times and drilling to the landing point. However drilling rates in the target zones namely Muskwa, OtterPark and Evie vary.
 Evie being a harder formation generally requires additional bit trips and results in lower ROP. It is therefore more realistic to
 segregate the lateral section KPIs for each formation.
 A score card is made for every well utilizing the AFE estimate for each well. The actual performance is compared with the
 planned performance to identify the high and low lights which then very often become learnings for future wells.
 A metric used for comparing overall pad and well to well performance is the meters per day average. It is calculated by
 taking the ratio of total meters drilled and the duration from spud to rig release. Meters per day measure encompasses all
 activities carried out in the drilling process and includes all NPT events. This is a normalized metric which can be used to
 compare any two wells or pads even if they are drilled in different formations or to varying final total depths. When planning
 for the next pad, improvement of 5% is targeted compared to the previous overall meters per day. Figure 9 shows the
 improvements in meters per day achieved through the implementation of new technologies over the various pads drilled in
 the last four years.
 This process of establishing performance targets from previously achieved benchmarks stimulates a healthy sense of
 achievement. It provides a clear and fair yardstick for measuring performance and is the driving force behind the industry
 record pad and individual well perfromances of 351m/day and 442 m/day respectively.
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 Loss Zone
 First Reservoir Formation
 12 ¼” hole and 9 5/8” Surface Casing
 8 ¾” Hole
 7” Intermediate
 Casing
 4 ½” Production
 Casing
 5 ½” Production
 Casing
 Figure 1 (above): Initital Well Design with Intermediate Casing on the left. Current Well Design on the Right
 Figure 2 (below): Picture of the Columbia lifting System- Rig is lifted by four of these pads- one installed per
 corner of the rig floor.
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 Figure 3(above): Rig Moving System- Umbilicals connecting the central complex to the moving rig package.
 Figure 4 (below): 2009 wells drilled without negative section in red color. 2013 wells in blue were designed
 with negative section to exploit the reservoir left underneath the surface location of the pad. Table on the left
 shows the progression of well design with increasing lateral section lengths pad over pad.
 Walking
 Drilling
 Package
 Central Building with Engines,
 Pumps, Power Control Room and
 Mud Handling Systems
 Umbilicals also called Suitcases which
 connect all fluids and power between central
 building and moving drilling package
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 Figure 5: Plan View of d-37-H pad design with negative sections and cris cross pattern- The North side surface loactions
 were used to drill south side laterals and vice versa. This approach reduces the extent of negative section without
 compromising the reservoir recovery.
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 Figure 6 (above): Drill Pipe Torque limitations superimposed on the operating torque demonstrates the benefit of
 utilizing higher torque pipe and connection. The red line represents drilling torque. Flattening out over the last 300m
 indicates reaching the limit. The outside wells saw this limit reached 500-800m from TD. A high torque connection
 utilized thereafter had a minimum tooljoint and pipe body torsional strength of 35-40 Kft-lbs.
 Figure 7 (below): Casing Running speeds plotted for wells drilled with motors as well as RSS. The wellbore drilled
 with RSSis generally cleaner due to higher RPM and casing can be run to bottom without the need to slingshot or
 push with sufficient weight available to land the casing hanger and set the seals. On the wells whereby 14.5m
 dopeless casing was run in RSS drilled hole with complete hole cleaning cycle prior to running casing, casing
 running speeds of upto 340 m/hr (23 jts per hour) have been achieved.
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 Figure 8 (above): A surface nudge sequence is illustrated whereby adjacent wells are nudged in opposite direction. The first
 five wells are drilled by skipping over the adjacent slot in order tomaintain good MWD signal. The missed slots are then
 nudged using a scribe line at very shallow depths in order to minimize sttel interference.
 Figure 9 (below): Benchmarking example is illustrated. The meter per day performance is compared over the previous pads
 drilled in the Horn River Basin. The impact of each new technology implementation can be seen in the form of improvement
 in meters per day performance. Meters per day are calculated by dividing the total depth of the well into the spud to rig
 release time including NPT.
 Surface Hole Nudge Plan
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 Glossary of Acronyms
 AFE: Authorization for Expenditure
 BHA: Bottom Hole Assembly
 DLS: Dog Leg Severity
 DOS: Double oversize
 ECP: External Casing Packer
 HRB: Horn River Basin
 ID: Inside Diameter
 KOP: Kick Off Point
 KPIs: Key Performance Indicators
 MD: Measured Depth
 MCFD: Millions of Cubicfeet per day
 MWD: Measurement while Drilling
 NPT: Non Productive Time
 OD: Outside Diameter
 ROP: Rate of Penetration
 RPM: Revolutions per Minute
 RSS: rotary Steerable System
 SOS: Single Oversize
 TD: Total Depth
 TVD: True Vertical Depth
 UBD: Underbalance Drilling
 WOB: Weight on Bit
 References
 [1] Horn River Basin, from Wikipedia
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