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Abstract

  A collaborative effort between operating oil companies  and oilfield   service companies is  underway to develop  downhole drilling and completion tools which include actuation utilizing  radio frequency identification (RFID) methodologies.   This article describes some of the specific tools under development, preliminary field tests,  and the benefits  this technology should have over  existing methodologies employed in industry today.    Some of the key design considerations will be discussed, as well as past and future field trials.

Introduction

  RFID (radio frequency identification) has been routinely utilized in many applications and industries for the past ten or more years.   In most cases, the objective is to provide some person, equipment, object, or animal a unique identification code for a variety of reasons.  Uses include placing a ‘tag’ under the skin of a pet for theft or stray identification  to identifying vehicles traveling toll highways and automatically billing the owner.     The technology incorporates three key components to provide electromagnetic coupling and send/receive information without direct contact.   Usually two of the components (a transceiver (reader)  and an antenna) are combined into a single unit which communicates  with a transponder (more commonly called  a “tag”).   In simplest terms, energy from the antenna ‘excites’ the tag and allows it to electromagnetically communicate  information to the reader.   The data transmitted can subsequently be analyzed and operations performed, based upon  the unique codes which are transmitted.    RFID tags can come in many forms, but generally  are characterized as either passive or active tags.  Passive tags  such as would be imbedded in an animal contain no batteries.  Power to operated the tag and send information  is provided by the reader.   Active tags such as those found in automobile/toll road applications contain batteries and can transmit data at higher rates and distances.

  For downhole oilfield applications, there are two very different embodiments of the technology, which loosely are defined as follows by the development group:

· Type I applications are defined as those where a unique identification code is located downhole (in the casing, for example) and a reader tool is conveyed in the well, reads the specific code(s) and performs subsequent operations based upon the information.

· Type II applications are the opposite; defined as having the reader tools downhole and unique identification codes (tags) are conveyed into the well.  The reader tool and its associated hardware perform operations when the correct identification code is received.  The main focus of this paper is Type II applications and the RFID tags currently being used for these applications are shown in Figure 1.    A downhole tool is designed with the reader and associated computer software and it operates the tool mechanically, electrically, hydraulically, or with electro-hydraulics.   In drilling applications, the tags are usually pumped down via the drilling fluids.

· A third type of application, not the subject of this paper, is use of RFID tags for inventory control and tracking, such as for drill pipe.  In this case, the data and operations are all conducted at surface (such as at the rig floor), and not downhole. 

RFID tags are designed in a host of configurations and frequencies.  The tag has at least two parts.    One part is the integrated circuit for processing and storing information, and the other part is the antenna.     Frequencies at which these systems work can vary from the kilohertz range to the gigahertz range, and obviously the reader and tag must be designed to operate at the same frequencies.   Most downhole RFID applications are currently being designed in the ~ 125 kilohertz frequency range.     As is the case in many aspects of the RFID industry, there is yet to be any worldwide standard of the type of frequency for categories of application, and this is a recommended area the oil industry should focus upon.

Tag and Downhole Reader/Software Considerations

  There are numerous electrical engineering technical design issues which are not obvious to those not skilled in the art.    The speed at which a tag can be conveyed past the reader and the information communicated  is mostly a function of:

· Antenna length

· Antenna power

· Tag and reader frequency

· Distance between the antenna and the tag

· Tag orientation

· Velocity of the tag

  For many of the systems currently being developed and utilized, the tools are operated by pumping a number of tags with the same unique code (typically 10 tags).    Recognizing that tumbling can occur, this  greatly increases the chances at least some of the tags are in a more preferred orientation (more near to parallel) as they pass the antenna.     The downhole computer software of a tool is designed to only read  the first unique code of a tag and perform  the operation which is imbedded in the data being transmitted.  The tools are usually designed to never actuate on that specific code again – to eliminate legitimate concerns about what would happen if  the extra tags remained in the mud system and were again circulated back downhole.

  The downhole computer systems, while designed to perform operations when the correct unique identification  is read,   can easily incorporate many other features to add a great deal of flexibility to tool functionality.   By simply adding pressure sensors or timers, tools can be programmed to conduct subsequent operations without the need to necessarily convey additional RFID tags into the well.     Some examples of how these features are included in the tool software will be discussed  in later sections of this technical paper.

A major issue, not to be overlooked, is downhole electronics reliability.   Significant focus is occurring in this area.  In general, it is perceived designing tools for completion operations will be much easier than for drilling operations, as there is much less shock and vibration loads in completion tools.    One of the major reasons it is believed RFID downhole technology will have high reliability  is due to all the learning’s from industry’s development of LWD, MWD, and rotary steerable tools.   While the specifics of  how to design items such as circuit boards (including shock mounting, component selection,  and soldering) remain confidential to individual companies,  it is reasonable to assume this expertise will be of great value in overall project success.

Field Case Histories

  The first known RFID downhole Type II application for the oil industry occurred in  March, 2002 for Marathon Oil Company in Alaska.  In this completion application,  casing-conveyed perforating guns were fired when an RFID tag was dropped in  an ~8,000 foot (2,400 m) well  and  was allowed to fall via gravity through the completion brine to the downhole reader.   When the reader read the unique identification code, its computer system performed subsequent operations.  It applied power to an electric detonator, which fired a single shaped charge to open a flow path, and downhole hydrostatic pressure then actuated a hydraulic firing head which fired the main perforating gun system.   This multi-step design to use downhole hydrostatic pressure  to fire the main perforating guns rather than the electrical detonator was to insure safety.    When using explosives, the design team focused on requiring downhole criteria  at significant hydrostatic pressures, to  enable the system.

  The first downhole drilling  application occurred in August, 2005 when a North Sea operator actuated an 8”  (203 mm) outside diameter circulating sub.  Following circulation of the well from mud to seawater during clean up operations multiple pre-programmed RFID tags were dropped into the drill string at surface and circulated downhole through the reader. As these “OPEN” tags passed the reader at 10,100 feet (3,100 m)  in the hole,  the reader/antenna received instructions from the tag and operated the circulating sub to the open position using the hydraulic pump and motor installed in the wall of the circulating sub. The well was then circulated to inhibited seawater and five “CLOSE” tags were dropped into the tubing and pumped downhole.   After the correct displacement and the tags reached the reader, the tool functioned and pump pressure increased indicating closure of the circulating sub.

  For the past several years this technology has not progressed to any field jobs as efforts have focused on broad-based engineering designs where many of the components will be inter-changeable between multiple tools.    It is anticipated during the remainder of 2009 and early 2010, there will be explosive growth in field deployment of this technology.

Drilling Under-reamers

The operator involved in this technology development program conducted a detailed analysis of which RFID actuated tools would have the most economic benefit to improve well operations based upon the company’s projected development and exploration well portfolio.   Not surprisingly,  tools which could improve deepwater well operations where daily spread costs are as much as an order of magnitude or more versus onshore operations appeared to have the most value.   The team concluded one of the first tools to design to be RFID actuated was drilling under-reamers.    Currently many Gulf of Mexico deepwater operators use under-reamers to enlarge hole sections beneath a casing string and improve the ability to run larger diameter liners through the next open hole section.  Once it became obvious use of RFID systems would allow multiple under-reamers to be used in the same string , thus preventing having to trip out of the hole, this tool design was prioritized.    Design philosophy is not to develop an entirely new under-reamer, but rather to control when the mechanical section of existing under-reamers can actuate,  much like creating a hydraulic on/off switch.   Using the RFID technology, under-reamer operations  may follow this type of operational procedure.

· Three RFID actuated under-reamers are run in the tool string in the closed position, allowing the float collar, shoe joint, and float shoe to be drilled out with the under-reamers closed.

· When desired, a number of RFID tags are pumped downhole, and the appropriate under-reamer is commanded to actuate and function as it normally would.   This under-reamer can be subsequently commanded to close via the use of additional tags or by other commands such as after a discrete amount of time.  This under-reamer can be re-opened and re-closed in a similar manner as many times as desired.

· The additional under-reamers can be functioned in a similar manner.   Typical operations would be to pump RFID tags to command under-reamer #1 to close and under-reamer #2 to open.

  Tool design also includes components so the under-reamer arms retract and  are locked from being able to re-open without being commanded to do so.   

Circulating Subs

  RFID actuated drilling circulating subs have the advantage, with proper design, of being able to open and close numerous times and there is no limitation to the number of tools run in the string.   RFID tags pumped down to open the circulating sub can also contain commands to perform subsequent operations.  One such example would be to tell the circulating sub to open for 30 minutes every three hours, if higher rates sweeps were required to be pumped.  The tools now being field tested are designed to perform at least 20 complete open/close cycles in one trip, with the total number of cycles limited only by the battery life.  One advantage of the RFID actuation methodology versus industry’s current system is that there are no restricting ball seats, flow chokes or ball catcher subs in the tool or system.    The RFID circulating subs undergoing current field trials can easily operate at six barrels per minute pump rate.    Another significant advantage of the RFID technology for these applications is that tools can be operated in air drilling or foam drilling fluid types as well.  Yet another advantage of these tools is that all under-reamers can be closed and will not re-open until commanded to do so.  This has significant advantages where it is desirable to circulate and rotate at both high and low pump rates after a hole section is drilled and pipe is being tripped.
  The following applications are envisioned and include some specific design considerations:

· The circulating sub is run in a drilling bottom hole assembly (BHA) above a turbine, mud motor or any other BHA component that restricts flow rates.  Circulating rates can be periodically increased during the drilling operation for improved hole cleaning and cuttings removal (particularly in horizontal and extended reach wells).  The tool can be run at any position in the string to boost annular velocity and remove cuttings.   Significant engineering design has been required to insure these RFID actuated circulating subs are designed to open and close with differential pressure without damage to the sealing mechanisms.   

· Other design efforts are focused on flow splitting during drilling where a proportion of the flow is directed to the bit (normally to drive a mud motor) with the rest being directed through the ports of the circulating sub positioned higher up the string.  This allows higher flow rates than can normally be achieved with a motor, resulting in optimised performance and continuous hole cleaning.

· There are applications in a wellbore clean-up string to boost annular velocity and achieve turbulent flow for enhanced debris removal.

· There are envisioned applications for the circulating subs to be run immediately above the bottom hole drilling assembly for spotting of lost circulation material (LCM) pills.  Input from drilling engineers led to major revisions for this type of application.   Tools specific for spotting LCM were redesigned to include a debris barrier immediately below the flow ports such that LCM cannot potentially enter the drilling motors or LWD/MWD tools and plug them.    In this series of tools, the RFID actuated circulating sub is full internal diameter when not actuated.

· In an extended reach or horizontal underbalanced or managed pressure application, RFID actuated circulating subs allow early spotting of kill weight fluid in the vertical section prior to pulling out of the hole.   This application can have safety benefits as well, eliminating the need to strip out of the lateral.   The operating oil company involved in this technology development is currently field testing the RFID circulating subs for this application in the Bakken formation of North Dakota, where approximately 9,000 foot laterals are being drilled in underbalanced conditions.

· There are other obvious applications, such as conditioning fluid at high flow rates, use as a fill and drain sub, or running the sub above a liner running tool as part of a surge reduction system.

Drilling Disconnects

  Another RFID actuated tool perceived to have significant value is a drilling disconnect, which can be actuated if the drill string becomes stuck. While the perception that stuck pipe incidents are not that significant, currently the exact cost of industry stuck pipe events is unknown but is estimated as greater than $1billion/year1  In deepwater drilling applications where penetration rates are high, there is value in being able to quickly release from the stuck pipe and conduct recovery or side-tracking operations.   Tool design in this arena is based on the criteria that RFID actuation will allow multiple disconnects to be run in the same drill string, and the deepest disconnect can be actuated first.  If the stuck point is above this depth, disconnects higher up the string could then be actuated.    Designs also include being able to reconnect and disconnect multiple times without coming out of the hole.

Other RFID Actuated Drilling Tools.

  Efforts are underway to prioritize additional tools which have the most value to the operators where existing technology could use improvement.    Expand on demand stabilizers and roller reamers are the next area of tool development.   A key advantage of RFID actuation is that finite control is possible.   The downhole stabilizer can be opened in incremental amounts, changing the tool OD, and it can be closed if hole conditions deteriorate.     In the future, it may also be possible to change the angle on bent subs.

Conclusion

RFID actuated downhole drilling tools have a number of technical advantages over today’s existing technology for the following reasons.

· Tools can be operated multiple times

· Tools can be configured to operate in finite amounts, rather than fully open or fully closed.

· The downhole computer systems can command tools to perform subsequent operations after initially operating when the correct unique identification code is received. 

· Tools have larger, concentric through bores that can allow wireline operations ( e.g. surveys, back-offs, free point indicators) to be run.
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Figure 1:   This figure shows some of the typical RFID tags being used in downhole applications.   The tag on the left is currently most commonly used when actuating tools such as circulating subs and under-reamers.  The electronics are encased in a glass bead housing, which is capable of withstanding downhole well pressures.
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