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An increase in daily rig rates, concerns about tripping and nuisance gas during trips, and an effort to minimize the effect of formation damage because of formation overburden, resulted in an increased demand for the downhole deployment valve (DDV) system. A system which initially was designed in 1999 for underbalanced drilling (UBD) applications has been used today mostly for conventional and managed pressure drilling (MPD) applications. Continued success along with significant cost savings while running the DDV system, project an increasing demand in the near future. It is a casing-deployed, flapper valve used to isolate the formation pressure during tripping operations set at a predetermined depth; based on pipe light calculation, the mechanical limits of the tool, and economic factors of well construction.  It also enables lubricating the drillstring or completion assembly into the well.

This paper presents different case histories and various applications of the DDV system. In its earliest days, the DDV system experienced operational inconsistencies; however, a dedicated effort has led to an extremely reliable system.  This paper will analyze case studies and almost a decade of data related to DDV installations, the various sizes available, and the trends in DDV usage. 

Introduction

The following is a review of three case studies for evaluating drilling conditions to determine the optimal approach to safely drilling the well and tripping using a DDV.  Although many operators utilize the DDV system in conventional wells for various reasons, this paper addresses the following scenario:

• A well drilled using underbalanced drilling (UBD) or managed pressure drilling (MPD) methods.  Multiple BHA trips are required to reach total depth; at a specified depth, the first BHA trip is required, and the operator challenged with removing the BHA with pressure at surface.  Two commonly practiced methods to facilitate tripping pipe in this condition include hydraulically manipulating the BHA into and out of the well using a snubbing unit or placing a column of kill weight mud in the wellbore prior to tripping pipe.  These options present operators with many additional challenges.

A viable approach to mitigate risks during the above scenario is to successfully run and operate a DDV system.

The DDV is a full-bore opening, downhole–isolation, flapper valve and run as an integral part of the casing program, enabling passage for the drilling or completion BHA when in the open position.  Designed to be run and cemented in place with the casing (for permanent installation) or run with a liner hanger and tieback assembly (for temporary or retrievable installation), the installed system operates by means of a dual-encapsulated control line in the annulus that runs from the valve to surface.  Applying pressure to the first line opens the valve; applying pressure to the second line closes the valve.  When installed, the surface footprint of the DDV system includes only a small control panel, typically positioned on the rig floor or near the substructure. 

Permanent Installation:  Run in the open position as an integral part of the intermediate casing string, install the DDV below the depth at which pipe light conditions occur for the well or deeper in order to meet the specific customer objectives.  Trip the drillpipe in and, if well conditions dictate, strip out under pressure until the BHA reaches a point directly above the DDV.  Close the DDV by applying hydraulic pressure from the surface through an encapsulated control line in the casing annulus and bleed the wellhead pressure to zero.  With the wellbore pressure isolated below the valve, pull the remaining pipe and BHA in the absence of surface pressure.  Install the new BHA and rerun the drillpipe to a depth directly above the DDV, where a pipe-heavy condition exists.  Apply pressure from surface to equalize the pressure isolated below the flapper and the pressures equalized, apply hydraulic pressure through the control line to open the flapper and strip the drillstring to TD to resume drilling operations or finish running the completion assembly to the desired depth.

Temporary/Retrievable Installation:  Run the DDV as part of the tieback casing string for a liner cemented below the proposed setting depth to enable the system’s recovery at the end of drilling operations.  Use a modified wellhead to facilitate the communication of the control line fluid from a surface control unit through the control line to the DDV.

The advantages and benefits in the correct application of the DDV include the following:

· The DDV system eliminates the need for snubbing operations, enhancing safety.

· It is unnecessary to kill the well, minimizing formation damage.

· The well is not flowed for an extended duration without pipe in the hole, reducing emissions and avoiding potential formation damage. 

· The pipe can be tripped when above the DDV (instead of stripped), reducing rig time and enhancing personnel safety.

· The DDV enables the lubrication of long, complex bottomhole assemblies such as mud motors, stabilizers, slotted liners or any complex profile for which obtaining an external seal is difficult.

· The DDV, when closed, mitigates the potential for swab effects, thereby reducing the potential of well kick while tripping and, consequently, the nonproductive time (NPT) and material costs associated with pumping kill fluids.
· In an underbalanced drilling (UBD) operation, maintain the well in an underbalanced state below the DDV, increasing the productivity index (PI) and reducing the potential of formation damage.  This is especially relevant while drilling in depleted formations where multiple planned trips are required.

· Using the DDV system enables drilling ahead with losses.  Lower mud density, if used, may result in decreased losses; however, a substitute fluid, such as water, can be used with consequent cost savings.

Table 1 provides the various models of DDV currently available.
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Statistics Overview

Installed around the world, Figure 1 shows the breakdown of the over 250 DDVs run from 2001 to 2008.  The Western Hemisphere had by far the greatest number of runs, with 64% of all the installations.  In recent years, most of the DDV installations in the USA coincide with conventional drilling applications, whereas the majority of installations in the Asia Pacific region are on MPD applications, and in Middle East & North Africa (MENA), on UBD applications.  Due to industry recognition of the value provided by the DDV system, it experienced exponential growth in 2007 and 2008.

Figure 2 shows the data on DDV installations from 2001 to 2008.  The overall data, superimposed with the number of installations per year, shows that the percentage of problems have decreased with the increased number of installations.  This indicates that the success rate has improved with users gaining knowledge and confidence in the DDV, leading to industry acceptance of the system.

Figure 3 shows that the most common DDV used is the 7-in.Size, although there is a steady demand for various other models.

Figure 4 shows that over 70% of the DDVs installed were permanent installations.  The Eastern Hemisphere region performed most of the retrievable DDV installations, as shown in Figure 5. 

Further examination of the total data shows that the success rate was up after 2005.  In recent years, the number of incidents has declined due to a number of factors:

· Bolstered effort from R & D to propagate design improvements through the product line

· Implementation of operational lessons learned to eliminate repetition of incidents

· Increased knowledge base throughout the industry – more people knowing more about the DDV system

Performance Summary

From the data, it is apparent that DDV usage has grown radically in recent years due to increased system reliability and its wide range of various applications.

Some global operational highlights related to DDV include the following:

· Minimum setting depth: 450 ft MD

· Maximum setting depth: 13,042 ft MD

· Maximum shut-in pressure: 4,200 psi

· Maximum number of pressure isolations on a single well: 36

· Maximum setting deviation: 57° in open hole, 68° in cased hole

Case Studies

Managed Pressure Drilling (MPD) Application

DDV, combined with pressurized mud-cap drilling (PMCD), helps drill the undrillable wells (Far East Asia)

Pressurized mud-cap drilling is a variant of MPD.  Operators drilling fractured carbonates, using conventional drilling techniques, usually experience a high rate of NPT because of the loss/kick cycle from severe loss of circulation and the inability to maintain the required mud column.  PMCD is a technique used to drill fractured carbonate formations which allows the operator to safely drill and complete the well with little NPT.  The equipment used in this drilling technique consists of a rotating control device (RCD) and a DDV for tripping.  An RCD is installed on top of the conventional blowout preventer (BOP) to provide an enclosed system and a safe working environment while applying surface backpressure used in PMCD.  For tripping operations, it was previously necessary to kill the well to eliminate surface pressure and perform tripping operations.  Killing the well with heavy mud causes the loss/kick cycle to restart.  To avoid this, it is possible to install a DDV into the casing string. 

An operator in Papua New Guinea implemented PMCD techniques in appraisal wells to reduce NPT from loss/kick cycles typically observed in carbonate formations.  The operator applied this technique over three wells, reaching the target depth and completing the wells for production.  The RCD allowed reduced mud weight and applied surface pressure to balance the formation, reducing the amount of fluid required to overcome loss circulation.  For tripping and other operations, the operator used the DDV.  The DDV enabled the operator to successfully trip drillpipe, perform drill stem tests, log and complete three wells.  Isolation pressure at the DDV was determined to be 3400 psi over the three wells.  Because this is a fractured formation, gas migrates up the well and eventually causes the wellbore to flip.  The DDV flapper performed as desired by providing a seal thereby isolating the formation gas.  On the second well, the operator performed multiple drill stem tests and tripped in and out of the hole.  The DDV enabled the formation to be isolated thirty-six (36) times over the length of the well.  

Performance Highlights

· Isolated formation pressure, resulting in trouble free tripping of drill and completion strings.

· Utilized the DDV as a downhole lubricator; allowing the well operator to log and core the reservoir section under live well conditions.

· The valve functioned flawlessly, isolating a maximum of 3400 psi below it.

· Eliminated pressure-related tripping hazards; specifically, running the various strings in and out of the hole above the closed flapper.

Underbalanced Drilling Application

The DDV system Reduces Time to Trip Drillstring by Three Days, Saving Texas operator $350K (South Texas)
The majority of Austin Chalk wells are drilled horizontally utilizing underbalanced drilling methods.  The challenge has always been tripping the drill/completion string in and out of the hole safely and efficiently.  Traditionally, operators employed kill fluids prior to tripping however, the cleanup of kill fluid proved a cumbersome process.  In order to avoid killing the well during trips, to enhance safety, and to expedite well cleanup during completion warranted selecting the DDV system.  A well in Karnes County, Texas was one of the first wells chosen by the Texas operator to exploit an earlier discovery in the Sugar Loaf field.  The DDV system was set at 6,600 ft MD as an integral part of the 7-in. casing.

Typically, heavily fractured Austin Chalk reservoirs take drilling fluid generously when the fluid column is overbalanced.  The invasion of heavy mud into the fractures creates problems during production, including plugged fractures from residual weighting agents and increases disposal costs from the production of mud lost during drilling.  In addition, offset operators spent up to three days per trip without the DDV from the inevitable kick/loss cycle of these wells.

Performance Highlights

· The eleven round-trips with the DDV, performed throughout the drilling and completion of the lateral well, saved more than six days.

· The valve functioned flawlessly, isolating a maximum of 2,075 psi below it.

· No time or money required to mix kill-weight mud.

· Minimized fluid losses to the heavily fractured carbonate; resulting in faster well cleanup.

· Successfully drilled and barefoot completed this well in an entirely underbalanced state using the DDV.

Air Drilling Application

The DDV Enables Successful Air Drilling in Appalachian Basin Gas Well (Northeast USA Gas Wells)
In high-volume, low-pressure gas wells, a major independent operating company installed several DDVs in 2008 in successive wells to isolate the lower Huron formation in northeast USA.

The horizontal wells had TVDs of approximately 2,800 ft and MDs of 6500 ft, with a 6 1/8-in. hole size, and a 500-psi bottomhole pressure (BHP).  In addition to enhanced safety, the operator saved money through reduced trip times, as well as improved the wells’ production rates by avoiding excessive formation damage.  Gas production rates doubled using the DDV.

Over a six-month period, installed twelve 7-in., 26-lb/ft, 3K DDVs in the wells with setting depths ranging from 1,500 to 2,500 ft, with casing set at 2800 ft in 8 3/4-in. open holes.  On average, each well drilled 3,000 ft of 6 1/8-in. lateral hole through the DDV.  Modifications to an unused well port to accommodate the DDV control line achieved trouble-free wellhead penetration and installation on these shallow drilling rigs and supported with mechanical and hydraulic analysis calculations to prevent downtime or failures.

The DDV functioned in the open and closed positions on each occasion and isolated formation pressure from below the flapper valve, as designed.

Performance Highlights

· The DDV successfully isolated formation pressure for two required drillstring trips (per well) and avoided fluid contact with the formation containing fluid-sensitive shale. 

· DDVs also enabled the installation of tubing completion strings involving complex production strings with four or more packers. 
· The DDV enhanced safety by eliminating or reducing the amount of hydrocarbon at the surface during tripping operations.

· The operator saved rig time because no kill mud was required during the operation.

Conclusion

The DDV system is a proven enabler for operators desiring to mitigate tripping hazards traditionally encountered with UBD, MPD and even conventionally drilled wells.  As the industry turns to unconventional drilling techniques to develop fields around the globe, technology such as the DDV will facilitate safe and efficient operations.  Ongoing efforts continue in refining the technology, improving reliability, and adding features and capabilities to broaden the scope of well applications.
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Figure 1. Total DDV Installations from 2001 through 2008
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Figure 2.  Annual DDV Installation Statistics from 2001 through 2008
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Figure 3.  DDV Sizes Installed from 2001 through 2008
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Figure 4. Permanent vs. Retrievable DDV Installations from 2001 through 2008

[image: image6.emf]Retrievable DDV Installations (2001-2008)

Western Hemisphere

10%

Eastern Hemispehere

90%

Eastern Hemispehere

Western Hemisphere


Figure 5. Retrievable DDV Installations from 2001 through 2008








































