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 Open-hole applications testing multi-zonecompletions, expandable tools to new limits
 COMPLETIONS HAVE NEVER been simple. But for today’s wells, the industry has had to push the envelope to develop game-changing technologies to operate in increasingly complex environ-ments while reducing rig time, perform-ing downhole functions in a single trip of the workstring and addressing the critical issue of sand control. Multi-zone completion technologies, along with expandable tools, are increasingly being deployed in nearly every arena world-wide, from long land horizontals to shale and tight gas to the deepest waters.
 “The days where an operator drills one well to target one specific zone is becom-ing more the exception than the norm,” said Bryan Stamm, technical manager, Schlumberger Sand Management Division. “As technologies for multi-zone completions become more and more mainstream, whether for stacked, single-trip multi-zone, multi-stage fracturing or intelligent completions, we’re starting to see the industry become more comfort-able with this approach.”
 In cased holes, where multi-zone tech-nology is more mature, the emphasis has been on efficiency, using packers and perforations to produce each zone, Mr Stamm continued.
 “When it comes to open hole, I would say that is where the industry has faced some very rapid advancements in recent years, driven mainly by advances in horizontal drilling,” he said . Historically, sand-prone open-hole reservoirs could be completed only in one zone using a gravel packing technique, he noted. Multi-zone completions can now be accomplished with stand-alone sand screens.
 “Soon, we will have the capability to do multi-zone, single-trip gravel packing in open holes,” Mr Stamm said. “In non-sand-prone reservoirs, that is where we have seen a variety of multi-zone solu-tions to address the shale and tight gas market.
 “Traditionally, we have seen clients con-sider multi-zone techniques to achieve a more cost-effective installation that is more efficient, and we have clients who are not as concerned with installation
 efficiency but are wanting to produce selectively, either because of government regulations or their own internal recov-ery factors,” he continued. “But we’ve seen a trend in recent years where peo-ple are looking for both efficiency and recovery, and that is where multi-zone techniques are really starting to thrive.
 “Some US land operators want to do open holes that are not sand prone, using techniques such as swellable or mechanical packers and frac sleeves. That same technology is starting to be applied to sand-prone reservoirs where we would need to have the sand exclu-sion device installed, but also the same open-hole zonal isolations through either swellable or mechanical packers.”
 The critical aspect of sand control can be integrated into multi-zone comple-tions with stand-alone screens, expand-
 able sand screens, gravel packing, and frac packing in cased holes.
 Schlumberger’s Alternate Path suite of gravel pack systems uses fluids and modeling software to achieve uniform gravel packing across an entire interval. It is used in conjunction with the MZ multi-zone completion service, which uses single-trip technology to set pack-ers, a method that is especially effective in sandstone reservoirs, zones with unwanted gas or water and wells need-ing both fracturing and gravel packs.
 For multi-zone stacked completions, for example, which are possible only in a cased hole, typically one zone is com-pleted, the next is perforated and so on. “But the MZ multi-zone single trip and the Alternate Path methods allow us to perforate everything at the same time and install all the equipment at the same time, and then go ahead and deploy the gravel pack either as a single treatment or as multiple treatments,” Mr Stamm explained.
 In applying multi-zone technology to sand-prone reservoirs, the emphasis is increasingly moving offshore, where high rig rates have been a driver in the need for efficiency, Mr Stamm said. National oil companies, looking for better produc-tivity and recovery, are looking for intel-ligent and selective completions.
 “The array of multi-zone and expandable tools provide choices for operators to be more efficient,” Mr Stamm said. “We could complete wells today without these technologies, but the point is to become more productive at a reduced cost.”
 Halliburton has deployed conventional stacked pack multi-zone completion technology in all major sand control areas. The company’s Single-Trip Multizone (STMZ ) completion system, introduced in 1993, has been used pri-marily in the Far East and is currently being used in China, Indonesia and Italy.
 “The potential time savings gained by using single-trip, multi-zone tools pro-vides a strong economic incentive for pushing and refining the technology,” said Tommy Grigsby, Halliburton prod-uct manager for Sand Control Tools.
 The Gulf of Mexico’s Lower Tertiary play, with its high operating costs , challeng-
 Schlumberger’s Alternate Path gravel pack systems use fluids and modeling software to achieve uniform gravel pack-ing across an interval. It is used with the MZ multi-zone completion service.
 By Katie Mazerov, contributing editor
 Reprint DC (Drilling Contractor) © Jly/Aug 2010
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 ing depths and long reservoir intervals that require sand control treatments, was the primary development driver for Halliburton’s Enhanced Single-Trip Multizone (ESTMZ ) completion system. It is being deployed to address the chal-lenges of completing longer intervals that cannot be cost-effectively completed with existing multi-zone stack packing technology, Mr Grigsby explained. “The ultra-deep well depths of 28,000-plus feet required to reach the Lower Tertiary, along with intervals with gross lengths up to 1,400 feet, provide both economic and time challenges.”
 Among the specific challenges that the ESTMZ system addresses are well depths that require multiple workstring trips to deploy the sand face completion kit. “Maximizing the number of reservoir intervals that can be isolated and stimu-
 lated with an optimized treatment design only adds to the number of workstring trips required when existing stacked pack completion technology is used,” Mr Grigsby pointed out.
 “The Lower Tertiary also requires a frac tool assembly to deliver large proppant volumes at high enough rates to cre-ate the optimized fracture geometry to maximize well productivity,” he contin-ued. “The potential long interval lengths require segmentation to optimize frac-ture treatments. This poses challenges with integrating the uphole production assembly with the sand face assembly to provide access and potential selectivity of the multiple completion intervals.”
 Halliburton’s suite of sand control tools, including screens, sand control pumping and sand consolidation products, are used on all types of completions requir-
 ing the abatement of sand production, Mr Grigsby noted. The primary sand control completions techniques include stand-alone screen completions (SAS), conventional cased hole gravel pack completions (CHGP), open-hole hori-zontal gravel completion (OHHGP) and FracPac (FP) completions.
 Halliburton uses its expandable liner hanger technology, the VersaFlex liner hanger system, primarily in the well-con-struction process when running drilling liners and production liners, Mr Grigsby said. “While currently not used in multi-zone completions requiring a pumped sand control solution, the system is used as the hanger assembly in multiple inter-val land completions that require stage frac’ing and other specialized screen-only completion systems.”
 When expandable technology was intro-duced in the mid-1990s, it was viewed as an aggressive idea by an industry that historically was slow to adapt . But not only did expandables survive those early days of skepticism, they are increasingly being used as wells have become more complex and designed with multiple zones that require sophisticated tech-niques for maximizing production and cost-effectively controlling sand.
 The early promise of expandables was casing that could be expanded in place to create wells with a single borehole with a diameter that could be expanded in place, thus eliminating loss of hole diameter due to multiple conventional liners to handle over pressured zones, said Vikram Rao, executive director, Research Triangle Energy Consortium, a non profit research facility that studies ways to solve the world’s technical, eco-nomic, societal and public policy prob-lems related to the use of energy.
 “The concept was that you could go to unlimited depths with casing and end up
 Halliburton’s Enhanced Single Trip Multizone system can help when long intervals can-not be cost-effectively completed with existing multi-zone stack packing technology.
 “We need to reduce the cost of sand-control completions because it is getting out of hand. Completion costs are going up to 60% to 70% of total well cost. If these costs are not brought under control, they will limit the prospects for deepwater reser-voirs.”
 — Vikram Rao, Research Triangle Energy Consortium
 Reprint DC (Drilling Contractor) © Jly/Aug 2010
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 with a production tubing size that was pretty big,” Mr Rao explained. “This way, not only did you definitely get to bottom, but, by the time you got there, you could have essentially any production tubing you wanted.”
 As the technology developed, expand-ables increasingly were used in zonal isolation applications. “It became appar-ent that expandable technology was ultimately meant for zonal isolation and that hanger applications and zonal isola-tion relative to sand control were proba-bly going to be more prolific sooner than multi-diameter casing of wells because the value proposition was relatively easy to understand,” Mr Rao explained.
 Once the industry became comfortable that expansion could create a sound-enough joint, expandables began being used, first in liner hangers, then in multi-zone completions, where they have become an important tool for sand con-trol, particularly in deepwater and ultra-deep well environments.
 “Deepwater, almost by definition, means sand control,” Mr Rao continued. “And it is a big problem. We need to reduce the cost of sand-control completions because it is getting out of hand. Completion costs are going up to 60% to 70% of total well cost. If these costs are not brought under control, they will limit the pros-pects for deepwater reservoirs,” he said. “One step in reducing the cost of deep-water completions is multi-zone comple-tions, particularly with fewer trips .”
 Now, tools such as expandable sand-screen systems are serving as an alter-native to the conventional gravel pack method of sand control, in an increasing number of wells . In some cases, expand-able technology has been deployed with conventional gravel pack tools to solve particularly challenging completion issues.
 Expandable Sand Screens, or ESS , is the primary expandable completion tech-nique in Weatherford International’s suite of slotted expandable tubulars that was developed from a concept originally identified in 1993. The system, primarily a compliant sand-control technique, has been applied in over 600 applications worldwide , including oil and gas produc-tion wells, water-injection wells, gas storage and multi lateral wells, ranging from shallow land-based operations to deepwater arenas. ESS is best applied as an open-hole solution, whether via long horizontal wells or to target multi-layered deviated pays.
 “From a sand control perspective, ESS brings improved performance and reli-ability, particularly important with the trend towards reservoir completions in more aggressive environments,” said Martin Geddes, Weatherford global product manager – ESS. “It is an alternative to gravel pack and frac pack technologies that, when applied appropriately, is extremely valuable in providing productive, cost-efficient completions in a multi-zone environ-ment where we use casing between the isolation devices and can deploy the system in a single trip. In some multi-zone deepwater wells, operators have seen a $10-million savings in installa-tion costs per well with the system over other techniques.”
 Wells typically are evaluated on a case-by-case basis to see which technology – ESS, gravel packs, frac packs, stand-alone screens – is best for a particular well, Mr Geddes said. In produc ing wells, for example, ESS might be used when a weak rock is expected to fail and ele-ments from the wellbore would start to mix. “ESS supports the formation in place so that it is more productive, pre-venting sand movement and reducing skin development,” he said.
 For shallow, deviated or long horizon-tal wells, ESS is an alternative to an open-hole gravel pack. “With ESS, we get an efficient sweep of the reservoir because the screen is placed in direct contact with the wellbore so we can maintain a larger completion ID,” Mr
 Geddes explained. “With a gravel pack, early water/gas breakthrough might be encountered due to the higher friction loss along the smaller completion ID. ESS provides a more even flow, mean-ing the reservoir will be drained more efficiently.”
 In water-injection wells, performance over time is the chief goal. “We want to maintain the injection rates required over the life of the well while controlling the sand during injection shutdowns,” Mr Geddes said. “Because ESS is con-tacting the formation directly, a large open area is presented, enabling effec-tive filter cake clean-up, resulting in good injection performance.”
 Similarly, in gas production wells, because the ESS is in contact with the wellbore, annular flow is minimized, thus mitigating against hot spotting and potential screen erosion. Weatherford has used this technology to complete a number of deepwater gas wells with rates up to 360 million standard cu ft/day .
 For the gas storage market, ESS has the ability to maintain performance of the well over many withdrawal and injection cycles over many years. “These fields, because they are generally old oilfields, tend to be highly depleted and therefore are very difficult to gravel pack,” Mr Geddes explained. ESS also has been used successfully in multi lateral wells to maintain a larger ID in a smaller hole size.
 In shallow, deviated or long horizontal wells, Weatherford’s expandable sand screens can be an alternative to open-hole gravel pack.
 Reprint DC (Drilling Contractor) © Jly/Aug 2010
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 “In a long, horizontal, multi lateral leg, the reduced hole size presents a chal-lenge both in terms of performance and reservoir sweep. ESS can be used to address this,” he added.
 Looking ahead, Mr Geddes sees con-tinued advance s in expandable sand screens, such as the integration of new-technology zonal isolation devices to complement Weatherford’s existing expandable zonal isolation offering and the provision of reservoir isolation inte-grated within the same single installa-tion trip. Also, with the increase in chal-lenging deepwater field developments, there will be continued optimization of expansion systems for use from semi- submersibles.
 Baker Hughes has a suite of expand-able technologies that are used world-wide, including land, shelf and deepwa-ter environments, and has continued to adapt the technology for increasingly challenging scenarios. “We’ve taken lessons learned early on to develop a system that can be run flawlessly and executed with a high degree of technical efficiency,” said Eddie Bowen, product line manager, screen-equalizer technol-ogy for the company’s sand control mar-keting division.
 “We try to identify the right tool or product for each application,” Mr Bowen said. “Baker Hughes uses perforated base pipe for the basis of its EXPress expandable screen technology. This enables production even if a portion of the EXPress screen assembly is left unexpanded.” The filtration media was derived from the Excluder2000 premium mesh screen product that has had more than 15 years of successful runs around the world in stand-alone screen, gravel packed and inflow control device (ICD) applications.
 The company’s current expandable metal sand control technology is the EXPress expandable screen system, Mr Bowen said. “It is especially effective in high-rate gas production and gas storage wells where cyclic injection and produc-
 tion occurs. EXPress is a stand-alone screen solution in applications where pumping a gravel slurry is not feasible or not preferred.”
 The screen, designed with perforated base pipe and hydraulic expansion technology, can be expanded outward to reduce or eliminate space between the wellbore and the screen, thus reducing the potential for sand coming into the hole. In 2008, the system was deployed and expanded in a single trip in an open-hole, horizontal, single lateral workover well of more than 1,900 feet of reservoir contact, the longest applica-tion to date.
 In another application, Baker Hughes combined a conventional horizontal gravel pack system with expandable technology to accomplish sand control in a gas storage-producer injector well in northern Italy. “The operator wanted to isolate the shale sections and perform a gravel pack without pumping fluids across the shale sections,” Mr Bowen explained.
 “So, to isolate those swellable clays in the shale, we ran expandable blank pipe with annular isolation provided by expandable elastomers isolating the shales from the sands, and expandable perforated pipe across the sand bodies, and then ended with a gravel pack. So they used unconventional technology to isolate the problem, and then completed the process with a conventional sand control technique.”
 Baker Hughes is the process of launch-ing a non-metal expandable sand control technology that utilizes a shaped mem-ory material that can be manufactured at a desired diameter. That diameter can be reduced to a run-in-hole diameter and will return to its original diameter in-situ across the sand face. In field tri-als now, the product is expected to be commercially available in December 2010.
 An animation of the Weatherford expandable sand screens is available online at www.DrillingContractor.org.
 Alternate Path is a mark of ExxonMobil Corporation; technology licensed exclusively to Schlumberger.
 STMZ and ESTMZ are trademarks of Halliburton. VersaFlex is a registered trade-mark of Halliburton.
 ESS is a registered trademark of Weatherford International.EXPress is a trademark of Weatherford International.
 The Baker Hughes EXPress expandable screen system is based on perforated pipe expansion technology, providing high collapse resistance.
 Open-hole completions “is where the industry has faced some very rapid advancements in recent years, driven mainly by advances in horizontal drilling.”
 — Bryan Stamm, Schlumberger
 Reprint DC (Drilling Contractor) © Jly/Aug 2010
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