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1 Introduction

Badger Explorer ASA was established in 2003 to promote the development of the Badger Explorer tool for drilling into underground formations and perform reservoir evaluations without the use of a drilling rig. Consequently, the exploration costs will be reduced significantly. 

The principle of the Badger tool consists of a drill bit driven by a motor, a cutting crushing, transport and injection device and a drum of spooled cable, which is reeled out behind the tool as it burrows downward. Through the cable power is supplied from surface and data signals are transferred back. Excess volumes of cuttings are squeezed into the formation through fracturing the formation behind the tool.
The Badger Explorer prototype development is currently in an initial phase of concept evaluation. Critical elements; slurry transport, fracturing system, and cable storage and deployment are currently being investigated theoretically and experimentally. 
It is necessary to ensure proper sealing of the packed borehole behind the Badger tool. A sufficiently low permeability will be achieved by proper crushing of the cuttings to a desired particle size distribution. Additionally, other means of sealing may be provided for critical sections, like using resins or glues.
An investigation of the sealing performance of the packed formation behind the tool is well suited to be combined with a Master Thesis.
2 Objectives

The objectives of this study are: 

· Determine the porosity and permeability in a conduit of packed sand as a function of particle size distribution.

· Verify, or establish means for sufficient sealing within the formation behind the Badger tool.

3 Project description

This project will be carried out as a research project at RF – Rogaland Research in combination with a Master Thesis. Upon completion of this project, valuable input to the Badger prototype development is anticipated. The results from this project will be the basis for a confirmation that the Badger tool will meet technical and regulatory requirements concerning formation fluid leakage between adjacent formations, or potentially recommend other means to perform adequate sealing.

3.1 Master Thesis
3.1.1 Literature Survey
A thorough literature survey to document the state of the pertinent current knowledge.
3.1.2 Experimental Study
A. Design and perform experiments at low pressure (atmospheric conditions), and measure porosity and permeability for various particle size distributions. 

B. Design and perform experiments at high pressure (packed sand columns in core holders), and measure porosity and permeability for the same particle size distributions. 

3.1.3 Theoretical Study
Compare the experimental results to current theories or correlations for permeability in packed sand columns. Possibly establish improvements to the current models. 

Establish or improve correlations between permeability in packed sand vs. permeability in unpacked sands. This would ultimately lead to valuable information of permeability at actual conditions based on simple measurements with unpacked sand samples.
3.2 Additional Means of Sealing 

An investigation concerning additional means for sealing selected well sections, i.e. by the use of resins, will be performed. The work will establish designs for transporting the resin components in the Badger tool, and methods for mixing and deployment at the pertinent position. Such means for additional sealing may only be necessary in the cap rock above a hydrocarbon containing formation. 

3.3 Design Documentation

Using the results from the Master Thesis, a design document will be written to verify that the Badger design and operational characteristics will meet regulatory and technical requirements with respect to formation sealing, either naturally or by use of external means or additives.
4 Cost / Funding

The cost estimate below cover RF personnel for mentoring, and equipment purchase and rental. Activities 3.2 and 3.3 are entirely executed by RF personnel. 
	Activity
	Personnel [hours]
	Personnel [kNOK]
	Equipm [kNOK]
	SUM [kNOK]

	3.1.1. Literature Survey
	20
	20
	
	20

	3.1.2. Experiments
	200
	200
	200
	400

	3.1.3. Theoretical Study
	60
	60
	
	60

	3.2. Additional Means of Sealing
	160
	160
	100
	260

	3.3. Design Documentation
	40
	40
	
	40

	3.4 Administration and QA
	20
	20
	
	20

	TOTAL
	500
	500
	300
	800


Table 3.1 Estimated costs

5 Time schedule

Master Thesis carried out during the first half year of 2006.
6 Financing

This project is proposed financed by 50/50 cost sharing between Badger Explorer AS and NFR. 
7 Personnel

Advisor for the Master Thesis work at UiS: Professor Bernt Ådnøy.

Advisor for the Master Thesis work at RF: Senior research engineer Bjarne Aas.

Additional Means of Sealing: Senior research engineer Lequn Han.






 Senior research engineer Bjarne Aas.

Design Documentation: Group Leader: Tom Steinskog.  
QA: Sigmund Stokka.

8 Deliverables

A Master Thesis describing theoretical and experimental investigations to achieve improved correlations for the permeability of pressurized sand packs. This work will establish the requirements of the sand grain distribution of the cuttings for sufficient sealing of the well bore behind the Badger tool.

A method for sealing the wellbore behind the Badger tool using e.g. resins and a report describing the details.
A design documentation concerning the satisfying of regulatory and technical requirements with respect to formation sealing.
9 References

Project documentation: Badger Explorer AS
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