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Introduction

Shell acquired the McAllen-Pharr field in South Texas in early 2006.  The field proved to be very challenging to drill due to the unpredictable level of depletion and the nature of the Frio rock. The first few wells drilled by Shell had significant trouble associated with lost circulation, mostly due to unexpected depletion and pore pressure uncertainty. Initially, Shell attempted to respond to these problems using the same techniques that have been proven in other South Texas fields including cement squeezes and underbalanced casing and liner drilling.  However, the Frio formations in McAllen-Pharr have higher permeability than the Vicksburg formations in Shell’s other South Texas HPHT fields, thereby limiting the effectiveness of underbalanced casing drilling.  Thus, new technologies were needed in order to economically develop the field.  Shell has combined liner drilling with managed pressure drilling (MPD) and expandable liner hangers to reduce trouble and well cost in the McAllen-Pharr field.

The McAllen-Pharr Field
The McAllen-Pharr field was discovered in 1939 and has been operated by five different companies before Shell acquired the field in 2006. Over the life of the field, 370 wells have been drilled and over 1.4 TCF of gas has been produced from 27 named reservoirs from 6,000’ to 14,000’. The field is an HPHT environment with temperatures over 350°F and pore pressures exceeding 18 ppg EMW. Most of the older production is from the shallower zones, resulting in some severely depleted sands that must be drilled through to reach the reserves in the deeper zones. The reduction in pore pressure due to depletion in some zones has been measured to be as much as 5,000 to 6,000 psi below original virgin pressure.  Often, severely depleted zones are sandwiched between high-pressure zones that were never produced, making it impractical to isolate the loss zones with liners.

The field has a complex pattern of faults that are not easily mapped using seismic processing. This, combined with the long history of production clouded by wells that commingled multiple zones, makes predicting the pore pressure and depletion very difficult. The McAllen-Pharr field is Frio rock, which is more recently deposited then the Vicksburg rock found in Shell’s other South Texas fields. The permeability of the different Frio reservoirs can range from 0.05 to 500 md, substantially higher than the Vicksburg, which ranges from 0.03 to 0.13 md.  The increased permeability acts to reduce the level of underbalance that can be achieved without the well flowing.  It also appears that many of the sands cannot withstand overbalances as high as the Vicksburg rock without fracturing and inducing losses. This results in a more narrow range of mud weights and ECD profiles that can be used to drill wells in this field. All of these issues combine to increase the difficulty of drilling in the McAllen-Pharr field. 

Problems on Early Wells

The first few wells Shell drilled in the field had significant problems due to inaccurate pore pressure predictions, resulting in lost circulation and well control. 

On the first well, the 7 ⅝” liner point was reached with 13.5 ppg oil base mud with substantial background gas. In preparation to trip, the mud weight was increased in stages until losing complete returns with 14.7 ppg, resulting in the well holding a hydrostatic column of 12.4 ppg EMW. After pumping a cement squeeze, the mud weight was reduced to 12.0 ppg and the liner was drilled-in through the cement squeeze with no returns and cemented in place. The liner was run with an expandable liner hanger/packer system designed for drilling operations, which was successfully set and tested.

The second well was drilled in a different area of the field with a different depletion profile and a different liner point. Once again, liner point was reached with no losses with a 16.2 ppg mud weight. In order to kill the well to pull out of the hole, the mud weight was increased to 16.4 ppg and the hole began taking mud. Several days were spent fighting losses and gas, attempting to run open-hole logs, and pumping LCM. Finally, the liner was run with a reamer shoe for reaming through LCM squeezes and filter cake. The liner hanger/packer system planned for this well was not suitable for reaming operations so the liner was run with a hydraulic release tool only and no packer. It was run with no returns in 15.9 ppg mud. The liner had to be reamed down and became differentially stuck off bottom when the well had to be shut in to circulate out gas. A tack and squeeze cement job was performed and an isolation packer was run and tested after the cement job.

Both of these wells had losses at lower mud weights than expected. In both cases, the problems only occurred after casing point had been reached while the mud weight was being increased to replace the equivalent circulating density (ECD) and account for swab in order to trip out of the hole.

Drilling with Casing / Liners

Casing and liner drilling is utilized by Shell in South Texas to reduce trouble associated with lost circulation events. Drilling with casing has several advantages in a depleted sand environment, mainly that the mud weight can be kept lower because there is no need for trip margin. In addition, the surge and swab effects associated with tripping are eliminated. In South Texas, the hydrostatic mud weight is often further reduced below the pore pressure and the well is controlled with the equivalent circulating density (ECD). Keeping the mud weight lower reduces the chances of lost circulation and often eliminates the need for extra casing strings. Both of the wells discussed above would clearly have benefited from liner drilling because they were both able to reach liner point without problems and only lost circulation while trying to increase the mud weight to allow for triping out of the hole. 

The main limitation on applying casing drilling is that when the pumps are shut down for a connection, the ECD effect is lost and the bottom hole pressure is reduced.  This reduction in bottom hole pressure could result in an influx or borehole stability problems, depending on the rock properties. Casing and liner drilling work particularly well in the Vicksburg wells because the sands are tight and competent and require a fracture treatment for production. Casing drilling in Vicksburg wells can be hydrostatically underbalanced without seeing flow or pressure at surface due to the tight nature of the reservoir rock and gas solubility in OBM. Some of the Frio sands, however, will produce without a frac and will flow if hydrostatically underbalanced on connections. The effectiveness of casing and liner drilling is limited in these Frio sands because the mud weight cannot be reduced as much as in less permeable sands without taking an influx.

Managed Pressure Drilling
Managed pressure drilling was examined as a possible solution to the drilling problems encountered in McAllen-Pharr. The problems encountered in the offset wells show that in some cases the additional pressure caused by circulating was the difference between taking an influx and experiencing losses.  Implementing liner drilling could actually make this problem worse due to the increased ECD expected.  Although the mud weight could be cut until the ECD was below frac gradient, a higher ECD would mean the mud weight would need to be reduced further below pore pressure. MPD could be used to apply backpressure to replace the ECD when the pumps were shut down. This would allow the well to be drilled with constant bottom hole pressure, no matter how high the ECD was expected to be.

In order to keep the bottom hole pressure within the narrow window between losses and a kick, the AtBalance dynamic annular pressure control (DAPC) system was selected. The DAPC system works by constantly monitoring the pump strokes and calculating the ECD using a hydraulics model taking into account the hole geometry and mud properties. When the ECD is reduced for any reason such as a pump failure or during a connection, the DAPC system would automatically apply the appropriate backpressure to the well by manipulating a choke downstream of the rotating control device (RCD). In order to avoid the pressure surges associated with closing the choke all the way and to prevent the trapped pressure from leaking off into the formation, drilling fluid is continuously circulated through the choke manifold, using a dedicated DAPC pump when the rig pumps are shut down. A schematic of the system can be seen in Figure 1. 

Although the AtBalance DAPC had already been used successfully offshore, several modifications were made to make it smaller, less expensive, and faster to rig up for land use. The MI Swaco Super Auto choke was used instead of a position choke in order to improve the responsiveness of the system. Several bypass lines and redundant systems were removed along with the pressure relief valve at the rotating control device. The DAPC choke manifold has two chokes, only one of which is used to actively manage backpressure. The other choke acts a backup in the event the primary choke becomes plugged and also acts as a pressure relief valve, set to open if the backpressure being applied exceeds the set point.

Planning
The next well drilled in the field was an offset to the second well described above. It was expected that the well would encounter shallow depletion similar to the second well.  Liner drilling combined with managed pressure drilling were used with the intention of eliminating the problems encountered on the offset well. Additionally, an expandable liner hanger/packer system with a metal-to-metal seal was utilized to guarantee effective pressure isolation after the liner was drilled into place. It was especially important that the packer sealed effectively since the well would be hydrostatically underbalanced once the pumps were shut down at the conclusion of the cement job.

The plan was to drill 8 ½” hole conventionally down to the top of the depleted zones. This would minimize the amount of hole to be drilled with the liner, which was advantageous because of the slower rate of penetration with the liner and the need to complete the liner drilling with one bit in order to avoid tripping. After running open-hole wireline logs, the 7” liner would be picked up with an 8 ½” Hughes Christensen EZCase bit and an expandable liner hanger/packer system. The mud weight would then be reduced to the point that the ECD was within the expected pore pressure/frac gradient window and the liner would be drilled-in through the depleted zones and into virgin pressure sands below. This would result in the hydrostatic column being below the pore pressure of some of the sands. While drilling, the ECD would provide the overbalance needed to control the well. When the pumps were shut down for any reason, such as during a connection, the DAPC system would provide sufficient backpressure on the well to prevent an influx. By drilling-in the liner, the mud weight would not have to be increased to equal the pore pressure to allow for tripping, which caused losses in both of the previous wells. The DAPC system ensured that the bottom hole pressure would remain within the window even when the ECD was removed. Once the desired casing point was reached, the liner would be cemented in place.  After the cement job, the expandable liner hanger/packer would be set to isolate the underbalanced sands and prevent the well from flowing. An expandable packer with metal-to-metal seal was utilized to ensure that a gas-tight seal would be created even after prolonged rotating and circulating while drilling with the liner. The wear caused by prolonged drilling had damaged an elastomer packer on a previous well and prevented it from holding pressure.

Based on the gains and losses encountered on the offset well, it was determined that the bottom hole pressure needed to be kept between 15.9 and 16.4 ppg EMW. Since the additional pressure created by circulating with the liner was estimated to be approximately 0.6 ppg, it would very difficult to drill this interval without losses conventionally. The DAPC system would be used to keep the bottom hole pressure above the minimum required to control the well by applying 300 psi on connections. A Smith DHS 1400 rotating control head was used to create the closed system necessary to apply backpressure to the well. This model was selected because it is rated to hold 600 psi dynamic and 1000 psi under static conditions, thus exceeding the desired safety margin of two-to-one when the pipe is static during a connection. The high safety factor was required because wear on the sealing element from drilling would reduce the level of pressure the RCD was able to hold.

Before beginning operations, a detailed HAZID/HAZOP was conducted for the utilization of the DAPC system. Additionally, contingency plans were developed to react to any potential failure of the DAPC or unplanned event that resulted in a change to the downhole pressure. While a pump failure or plugged bit can be a cause of non-productive time on any well, when drilling with managed pressure, such an event could lead to a well control situation if not properly managed. Any event that changed the ECD could result in taking an influx or lost returns so appropriate reactions had to be in place and the crews had to understand the implications of a change in pressure.

The AtBalance DAPC unit had already been used on a previous well as a trial and several lessons from that trial were implemented on this well. First, it was discovered that circulating through the original configuration exerted excess backpressure on the well due to all of the hard line piping with targeted tees. An increase of 200 psi was recorded by a downhole PWD when circulating through the DAPC system compared to circulating down the rig flowline. This increased backpressure meant the mud weight had to be reduced even further and the pressure held on connections was increased. This additional pressure resulted in the total backpressure required approaching the pressure rating of the rotating head model used on that well, which was only 750 psi static. A picture of the DAPC system with hard line piping can be seen in Figure 2 below. After that trial, a coflex house with a larger ID replaced the hard lines and the backpressure was reduced to 50 psi. Also, the rotating head was upsized to a model rated for 1000 psi, as stated above in order to provide the desired safety factor of two.

Implementation

The dynamic annular pressure control system and rotating head were rigged up at the intermediate casing point. This allowed for AtBalance to calibrate the system while still inside casing to avoid any chance of applying too much pressure and inducing losses in the open hole. The 7” liner and 8 ½” EZCase bit were picked up at 10,360’ and drilled down to casing point at 10,657’ using a 15.5 ppg mud weight. The calculated ECD while circulating at 200 gpm was 16.1 ppg.

The AtBalance DAPC system was able to successfully maintain the bottom hole pressure within the required window during all four of the connections by not allowing any influx and not causing any lost circulation. Since the liner would be cemented in the hole, a PWD tool was not run. Thus, the bottom hole pressure while drilling had to be estimated by hydraulics software. The backpressure set point was based on these calculations. In order to monitor performance during a connection, the ECD was continuously calculated while the pumps were ramped down and the applied backpressure adjusted to keep the bottom hole pressure constant.  As shown in Figure 3, the pressure was held within a range of +/- 50 psi, with the biggest fluctuations occurring during the ramp-down and ramp-up of the pumps. The average connection time while utilizing the DAPC system was 10 – 15 minutes. The connection time improved with practice and has been reduced on subsequent MPD wells.
After reaching casing point and while circulating in preparation for the cement job, the rotating head sealing element began to leak. In accordance with the plan, backpressure was applied and the well was shut in on the annular preventer.  Pressure was then bled off from below the RCD and the sealing element was changed out. In order to prevent the loss of annular pressure associated with opening the annular, the DAPC system was used to attempt to pressure up the lines from the RCD to the DAPC and the void between the annular and the RCD. However, the system was not able to react fast enough while pressuring up such a small volume of mud and the pressure was increased too high, resulting in the bearing seal on the RCD becoming damaged and not being able to hold any pressure. Due to the difficulty in changing out the rotating head with trapped pressure below the annular, the cement job had to be done through the chokes, without the use of the DAPC system. This problem resulted in a new procedure for changing the RCD sealing element on future wells.

The cement was pumped with the annular closed, taking returns through the rig’s chokes. Once the cement was in place, the expandable liner hanger/packer was hydraulically set and released, sealing off the well from the open formations. After testing the packer, the running tool was pulled from the hole.

There were many lessons learned from this well, especially the importance of communication between all parties and having good contingency plans in place. At this point, the land system was still being developed and avoidable mistakes were made due to lack of experience and lack of familiarity with system response. 

After this well, several changes were made to the DAPC system to increase the reliability and decrease the footprint, including a more compact choke design. The AtBalance DAPC system has been used on several more wells in this field for a variety of uses. It was used on one interval drilled conventionally to keep the mud weight as low as possible while drilling with the intention of slowing the pumps and raising the mud weight once casing point was reached. It was also combined with casing drilling to drill-in the production string on a well with unexpected deep depletion. Overall, managed pressure drilling seems to work best when combined with casing or liner drilling because there is no need to weight up the mud to trip.

Conclusion
Combining liner drilling with managed pressure drilling and an expandable liner hanger/packer can reduce non-productive time when drilling intervals with narrow pore pressure/fracture gradient windows.  Although the DAPC system was very expensive and the ROP with the liner was slower than conventional drilling, the time and cost of the interval was reduced by seven days and $500,000 compared to the same interval on the offset well by avoiding non-productive time associated with lost returns and gas. The high cost of the DAPC system means that MPD is not a solution for every interval or every well, but when applied in the right cases to avoid major trouble events, it can result in significant savings.
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Figure 1: Schematic showing layout and flow paths of AtBalance DAPC system modified for use on land rigs.
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Figure 2: AtBalance DAPC system with hard line pipe used on previous well. Hard lines replaced by coflex hose to reduce backpressure.
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Figure 3: Connection report showing relevant parameters while managing backpressure during liner drilling with DAPC system.







Page 1 of 4, Vogelsberg_Phil AADE Paper DwL and MPD Rev_1.doc

