
AAPG Search and Discovery Article #90128©2011 AAPG Hedberg Conference, Napa, California, 14-18 March 2011. 
 

AAPG/SPE/SEG HEDBERG CONFERENCE 
“ENHANCED GEOTHERMAL SYSTEMS” 

MARCH 14-18, 2011 – NAPA, CALIFORNIA 
 
 

Use of Microholes in the Development of Improved Fluid Flow and Heat Transfer in EGS Reservoirs: Initial Modeling Results 
 

Patrick Dobson1, Yingqi Zhang1, Lehua Pan1, Stefan Finsterle1, Ken Oglesby2 

 
1Lawrence Berkeley National Laboratory, Berkeley, CA 

2Impact Technologies LLC, Tulsa, OK 
 
 

One of the key challenges to the commercial and widespread development of Enhanced Geothermal Systems (EGS) is the need to 
develop a permeable connection between injection and production wells for systems that have inherently low permeability. This 
connection needs to have enough transmissivity to facilitate flow rates (≥ 80 kg/s) that are sufficient for commercial -scale production 
of geothermal fluids. Ideally, this flow should be distributed within the rock mass so that rapid thermal drawdown of the reservoir 
does not occur. The primary method that has been used to date to enhance reservoir permeability for EGS is the stimulation of existing 
fracture flow networks through hydroshearing of critically stressed fractures. However, the success of this method depends on the 
existing fracture network and stress regime, which varies for each potential EGS site. Another potential method of enhancing fluid 
flow and heat exchange within a geothermal reservoir is the use of microholes created using coiled tubing drilling technology. These 
holes, directionally drilled as sidetracks off of injection and production wells, could provide conduits for fluid flow and also enhance 
the connection between the wells and the existing fracture network. This approach of using microholes in combination with the 
existing fracture network might avoid some of the pitfalls that exist with using either only a wellbore heat exchange system (such as 
for an injection-production well doublet with multilaterals), or relying solely on the development of a stimulated fracture network to 
enhance permeability without creating fast flow paths that would serve as thermal short circuits. 
 
This study consists of testing proprietary coiled tubing drilling technology to create microholes and modeling fluid flow and heat 
recovery for a number of well configurations involving the coupling of microholes with stimulated fractures in a geothermal reservoir. 
Preliminary modeling work has focused on developing simulation capabilities for microhole technology, which includes a wellbore 
simulator for liquid water, steam and heat transport that is coupled to the TOUGH2 reservoir simulator. The heat exchange between 
the wellbore and its surrounding formation is accounted for using an accurate semi-analytical solution for conductive heat transfer. 
Key aspects of modeling flow in such a system include properly accounting for the effect of friction on fluid flow through small 
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diameter (<0.07 m) holes, and evaluating the effectiveness of heat transfer between the host rock and fluid flowing through such a 
hole.   
 
Two wellbore configurations are evaluated in the preliminary simulations to compare a wellbore heat exchange system with the use of 
microholes to enhance the connection of injection and production wells to the fracture network. The first scenario is a single wellbore 
heat exchange system that has 40 microholes radiating out from an injection-production well. In this case, water is injected into a 
series of pipes that go into each microhole (Fig. 1). As the water exits the end of the pipe and enters the annulus, it then comes into 
contact with the rock, facilitating heat exchange along the length of the microhole as the fluid flows back to the main wellbore. The 
second scenario uses microholes to connect a large diameter well with a stimulated fracture that is intersected by a second large 
diameter well (Fig. 2). The initial results of these simulations will be presented. 
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Figure 1. Conceptual representation of fluid circulation in one of the 40 microholes radiating out from the injection-production well for the wellbore heat 
exchange system in modeling scenario 1. 
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Figure 2. For modeling scenario 2, schematic view of microholes from production wells within an EGS system reservoir interval intersecting a hydraulically 
stimulated fracture associated with injection wells. 
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