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Andrew Bunger is an Associate Professor in the University of Pittsburgh's Department of Civil and Environmental Engineering. Dr. Bunger will speak on Thursday April 28, 2022. The seminar will be at 9:00 Central Time. The topic is “Measurement and Modeling of Injection and Flowback for Subsurface Pumped Energy Storage in Horizontal, Fluid-Filled Lenses.” Prof. Bunger will speak collaboratively for a team that also includes Henry Lau, Scott Wright, Cliff Mauroner, Wilson Pulling, Bunker Hill, and Howard Schmidt all with Quidnet Energy, Houston Texas as well as Dane Kasperczyk with CSIRO Energy, Melbourne, Australia.

Abstract
Cost-effective energy storage and recovery is essential for the deployment of intermittent renewable energy resources, most notably wind and solar. Traditional pumped hydro storage is typically economically advantageous compared to existing battery technologies, but it is limited in scope due to dependency on terrain with suitable elevation changes. On the other hand, a novel approach of pumped energy storage in the subsurface provides the potential to leverage the ubiquitous difference between the density of water and the density of rock to store and recover energy from manufactured fluid-filled lenses in the subsurface. 

This presentation will focus on measurement and modeling of lens behavior for a first-of-its-kind demonstration project in the Western Canadian Sedimentary Basin, Alberta, Canada. The experiment entails creation of a horizontal subsurface lens through fluid injection via a window cut through the casing in a vertical well followed by cycling of smaller injection and flowback stages. Tiltmeter data indicates subhorizontal lens orientation and nearly circular shape. Pressure, rate, and downhole caliper width measurements indicate flowback behavior that is controllable by a choke at the wellhead and that experiences a period of quasi-steady energy recovery which can be followed by simultaneous decrease of flowing pressure, rate, and wellbore lens width that is associated with lens pinching in the near wellbore region. This behavior consistent with predictions from a mechanical model that couples elastic deformation of the lens with Darcy-Weisbach fluid flow spanning the laminar to turbulent regimes. The striking agreement between measurements and a model of a horizontal, circular lens in a semi-infinite elastic domain validates the application of this fully-coupled mechanical model that makes notable simplifying assumptions on lens geometry. The [image: A picture containing indoor

Description automatically generated]validated model is then used to predict the domain of the circulating fluid as it travels in and out of the lens and to estimate the corresponding fluid and energy efficiencies associated with given designs. 

Overall, the study illustrates the feasibility of generating a horizontal lens with simple geometry and direct connection to a vertical wellbore, thereby advancing subsurface efficient pumped energy storage for renewable, but intermittent, energy resources.
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