Coiled-Tubing Deployed Microdrilling – Update 2001

Participants: Texaco, Phillips Petroleum, DeepLook Collaboration (5 producers and 6 service companies), and Los Alamos National Laboratory.
Statement of Problem: The technical capability to conduct reservoir monitoring, seismic data acquisition, exploration, and field delineation from wells as small as 1-inch diameter will soon be technically within reach.  Exploration with microholes is a viable concept if the costs can be kept low and the micrologging tools are available to run a basic formation evaluation suite (Albright and Dreesen, 2000).  Reservoir monitoring through dedicated wells is seldom seen in deep fields because of the high cost of those wells.  Deep, economical microbores for reservoir monitoring will have a major impact on the development and evaluation of new tertiary production practices.  Microholes will also facilitate the application of proven secondary recovery methods to more complex reservoirs where real-time monitoring is required to successfully manage a reservoir.  The industry is increasingly relying on seismic and other geophysical exploration and monitoring tools.  These technologies will benefit significantly if the data quality can be improved with deeper arrays located closer to the target in an ultra-low noise environment.  Microholes will serve as strategically placed, low noise, sensor locations.

Once a microdrilling infrastructure is in place and the technical know-how is established, microholes can be produced for one-fifth to one-tenth the cost of conventional-sized holes based on an analysis presented by Dreesen and Albright, 2000.  A 5000-ft microhole demonstration within 2-1/2 years is believed to be feasible with adequate funding and industry support.  The depth and schedule for the demonstration can be increased or accelerated with strong industry support.  Continuation of this project will maintain the current momentum in microdrilling and provide a realistic evaluation of the potential cost savings of microholes.  It is critical that the capability to drill and the technology to utilize microholes evolve in parallel for this effort to have timely commercial value.

Successful laboratory demonstrations of critical sub-components of a coiled-tubing deployed microdrilling system, support the microdrilling concept (Dreesen and Cohen, 1997).  Shallow microdrilling was successfully demonstrated to 550-ft in unconsolidated lakebed sediments in the summer of 1999 (Thomson et al., 1999).  Numerous minor difficulties were endured but none challenged the feasibility of microdrilling.  This project was proposed to show that coiled-tubing deployed microdrilling can be applied in more realistic oil field rock and drilling situations than had been drilled to date.  Equally important is to demonstrate that microdrilling can be applied to depths that are of greater interest to the industry.   

Tasks and Contributions: Los Alamos will extend the microhole depth capability by an order of magnitude.  The project will gradually expand the current capability to deeper drilling in more diverse and complex-drilling environments as each new challenge is identified and solved.  First year tasks include: 

1. Scope out the technical challenges expected as coiled-tubing deployed microdrilling is pushed to greater depths in more diverse and challenging formations.

2. Design, fabricate, and demonstrate some of the tools needed to push coiled-tubing deployed microdrilling to small holes and into more challenging drilling regimes.  A downhole, real-time drilling process monitoring capability will be the primary focus of this effort.

3. Lay out a roadmap for a 5000-ft-deep, 1-3/8-inch microhole that may be drilled from the surface during the third year of the project.
Our industry partners will continue to serve as technical advisors on coiled-tubing drilling for the project. Their participation will assure that the project is based on good field drilling practices as well as a solid theoretical foundation.  We will continue to encourage industrial support in the form of drilling sites, technical expertise, and field support to demonstrate microdrilling in realistic oil field environments. 

References: 

Albright, J. N. and D. S. Dreesen, “Microhole technology lowers reservoir exploration, characterization costs,” Oil & Gas Journal, January 10, 2000 

Dreesen, D. S. and J. N. Albright, “Models support potential for drilling deep microholes,” Oil & Gas Journal, January 17, 2000.

Dreesen, D.S. and J.H. Cohen, J.H., 1997, “Investigation of the Feasibility of Deep Microborehole Drilling,” Proceedings 8th Annual Energy Week Conference and Exhibition, Houston, TX, Vol. I, Book III, p. 137-144. 

Thomson, J.C., J. Hufford,and D.S. Dreesen., “Coiled-tubing Microdrilling Drilling Demonstration in Basin and Dry Lake Sediments,” Los Alamos Report (LAUR-99-5310) September 1999.

Contact:  
Don Dreesen, Los Alamos National Laboratory, 505-667-8938, Fax 8487, dreesen@lanl.gov 
Accomplishments

· Microdrilling Rig. All subsystems were evaluated and an upgrade priority list was produced and implemented to improve drilling performance and reduce manpower needed to operate the drilling system.

· Coiled-tubing unit hydraulic control system.  The coiled-tubing unit’s hydraulic control system performance was evaluated, specifications for an upgrade of the hydraulic system were prepared, a system upgrade was completed, and significantly improved system performance has been demonstrate

· Data acquisition system.  The new hydraulics system is being integrated with the PC (LabView data acquisition and control software) control system to facilitate a gradual transition from manual to automatic control of various drilling functions and processes, as it becomes feasible.

· Drilling Fluid System.  It was determined during the last field demonstration that the circulation pump that came with the CTU was inappropriate for high-pressure mud pumping service and that improved control of the drilling fluid circulation rate was required to optimize microdrilling performance. After repair and replacement options were evaluated, a specification for a replacement pump was prepared and the pump was procured.  A Myers Aplex SC-65 triplex plunger pump was purchased and installed on the coiled tubing unit. The new pump is hydraulically powered, allowing control of the pump speed between its minimum and maximum rated speeds. The inlet piping to the pump was redesigned and modified to minimize the effects of acceleration head loss. 

· Coiled-tubing drilling unit platform and trailer. The channel iron on the coiled-tubing-reel frame was reinforced to prevent overloading of the frame.  The wheels and axles on the CTDU were replaced to increase the legal load and carrying capacity of the trailer so the new, heavier mud pump could be mounted on the trailer as opposed to building a separate skid.  

· Instrumentation.  A magnetic pick-up was installed to measure the pump speed and provide a back up drilling fluid circulation rate measurement.

· Coiled-tubing.  A 1,000-ft length of 1-inch-OD, .087-inch wall thickness, 70,000 psi yield tubing was purchased and installed on the CTU to support the deeper drilling planned.

· Downhole Sensor Sub.  The weight-on-bit (WOB) measurement was procured and tested in a bench top, test configuration.  Thermal stability and repeatability were found considerably lower than claimed by the vendor.  Since the claimed performance specification was marginal, it was decided to expand the search to look for alternate micro-sized sensors for both downhole WOB and rotary torque measurements.

· Hydraulic Calculations.  A concept for a real time fluid viscometer that will be compatible with the microdrilling circulation system and the PC data acquisition and control system has been developed.  The calculation method to predict the circulating mud pump pressure during drilling is for non-Newtonian about 25% complete.  Initially it will assume a yield power law (Herschel-Buckley) fluid but will be set up so other relations can be substituted if yield power law does not adequately represent microdrilling fluids selected for the demonstrations.
· Drilling Site.  Permits needed to conduct a series of microdrilling demonstrations at a new site near San Ysidro, NM were obtained. It is anticipated that this site will provide near surface sediments much closer to “typical petroleum drilling” sediments.

· Drilling Demonstration. The micro drilling system was mobilized on the San Ysidro site and a drilling demonstration was completed to evaluate the upgraded drilling system and a modified well completion method.   A 1-3/4-inch hole was drilled to 170-ft in soft to medium hard sedimentary rock.  It is planned to continue drilling to a depth of 800 ft and then ream the hole to a 2-3/8-inch diameter hole so that 1-5/8-inch casing can be installed. 
